Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

OPG Response to the Joint Review Panel EIS Information Request Package 1
IR#

EIS-01-01

EIS Guidelines
Section


EIS
Guidelines:
Section 8.2,
Site
Preparation
and
Construction;



Section
10.1.1,
Geology and
Geomorphology;



Section 11.1,
Effects
Prediction

Information Request and Response

Information Request:
Provide additional information on the surface facility construction and the excavation of overburden
associated with the development of the shaft collar in relation to geotechnical and hydrogeological
considerations. Sufficient data or information is required to enable confirmation of the possible impacts of the
excavation and associated dewatering (e.g. zone of influence or ZOI and rate and quality of groundwater
seeping into the excavation). Where on-site data is not available, the evidence needs to be sufficient to
indicate it is conservative in nature for the EIS. In particular information is needed in the following areas:
 the expected safe slope and general design for excavations in the tills and dense sand overburden
expected at the site, supported by geotechnical data;
 the proposed method(s) to dewater the excavation, particularly if the middle sand is encountered at the
location, with information supporting flow estimates;
 any proposed overburden ground improvement associated with overburden excavation activities and
during the shaft sinking (following backfilling);
 a description of the backfilling of the excavation, including the fill material and its placement;
 areal recharge distribution before and after excavation
 groundwater flow patterns, seepage rate and water quality resulting from the potential interactions with
any existing groundwater contaminant plume adjacent to the DGR site; and
 surface water/groundwater interactions (e.g., recharge rate to, and water level of, Stream C).
Context:
OPG concludes that the impact of surface construction on the groundwater flow and contaminant transport is
negligible. For the impact of dewatering during shaft sinking, OPG concludes that “The ZOI was estimated to
be approximately 54 m, with an inflow of approximately 50 L/min over the top 170 m of the shaft.”
The information in the EIS is not sufficient to allow reviewers to confirm the predicted effects on groundwater
from surface construction and the dewatering associated with excavation of the overburden for the shaft
collar.
There is an existing groundwater contaminant plume associated with several low level storage buildings at the
adjacent Western Waste Management Facility. Whether and how the project would interact with the plume
(e.g., whether it would change the plume migration path and intercept the contaminant plume into the
seepage to be dewatered), needs to be assessed.
EIS Guidelines section 10.1.1 indicates “Geotechnical properties of the overburden must also be provided …
to allow the assessment of slope stability…”. No general information was provided on the geotechnical
1
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properties of the overburden in the EIS or in Geology TSD.
OPG Response:
In order to construct the two shaft collars, the conservative reference approach requires temporary
excavation(s) to be made through nominally 14 m of overburden, principally comprised of dense glacial till,
down to bedrock surface. It is currently envisaged that this excavation would have sideslopes no greater than
1V to 1H. Sideslopes would be protected, as required, to prevent erosion of the soils and to maintain stability
of sideslopes. Based on soil investigations, the Middle Sand Aquifer was not encountered in any of the
boreholes within the vicinity of the two shafts. Site-specific geotechnical data for overburden has been
collected to support the design of this excavation.
Measures will need to be taken to control ground water inflow into the excavation from the underlying
permeable bedrock. It is likely that grouting will be the primary method used to control groundwater inflow
and pumping will be used to remove any groundwater inflow through the grouted bedrock into the excavation
bottom.
Once the two shaft collars are established, the excavation around the collars will be backfilled with compacted
fill material. Type of fill material and method of placement will be largely dictated by foundation design
requirements for buildings to be founded on this fill material. Engineered fill will be comprised of native soils
or imported granular material that meet project requirements. Native subgrade material will be suitably
prepared prior to backfilling. The approved engineered fill will be placed in approximately 200 mm thick loose
lifts and uniformly compacted.
When surface-based shaft sinking infrastructure is in place, the shaft excavation will proceed through the
shaft collars into the underlying bedrock. However, prior to establishing the shaft collars and the start of shaft
sinking, the upper 180 m of bedrock around each shaft will be treated by either ground freezing or grouting
(refer to IR-LPSC-01-31). This surface-based ground treatment, as well as, localized cover grouting, if
required during sinking, will be used to minimize the amount of groundwater flow into the two shaft
excavations. A target inflow of approximately 3 L/s into either shaft during shaft excavation has been
established to provide suitable shaft sinking conditions and minimize the need for additional in-shaft water
handling equipment. Water will be removed from the shaft excavations by pumping to ground surface.
An impact assessment of DGR main and vent shaft construction on the groundwater system is provided in the
enclosed document (Sykes 2012). As part of the assessment, a numerical model (MODFLOW) was used to
predict the hydraulic influence of dewatering during shaft collar construction and shaft excavation on
groundwater flow patterns and tritium migration in the vicinity of the Western Waste Management Facility
(WWMF). Predicted collar and shaft seepage rates, and resultant zone of hydraulic influence within the
uppermost groundwater system are described. Results indicate that the vertical construction activities will
temporarily influence groundwater conditions in the immediate vicinity of the shafts. Base case and sensitivity
analyses indicate the temporary drawdown created by shaft collar and shaft construction will extend tens of
2

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
meters from the shafts. Base case simulations (grout curtain K = 10-7 m/s) yield predicted inflow rates
consistent with target rates described above. The temporary drawdown created by shaft construction is not
expected to influence hydraulic head distributions within the bedrock beneath the WWMF, areal recharge or
surface water recharge. Tritium concentrations within the uppermost bedrock surface in the vicinity of the
WWMF, on the order of 500 Bq/L, if captured by the temporary shaft drawdown, are estimated to be diluted by
a factor of 2 to more than 10 in excavation discharge. Once the hydrostatic shaft liners are installed and
sealed (nominal depth 230 m below ground surface), the shafts will be hydraulically isolated and no longer
influence the groundwater system. Verification of assessment results will be achieved through proposed
routine groundwater and shaft discharge monitoring programs.
Reference:
Sykes, J.F. 2012. Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the
Construction of the DGR Shafts. NWMO Technical Memorandum DGR-TM-03400. Toronto, Canada.
(enclosed)

EIS-01-01a



(Supplementary
response
submitted
onJuly 10, 2012
as a result of
the clarification
meeting with
CNSC on May
1, 2012)

EIS
Guidelines:
Section 8.2,
Site
Preparation
and
Construction;



Section
10.1.1,
Geology and
Geomorphology;



Section 11.1,
Effects
Prediction

OPG Supplementary Response:
Geotechnical Aspects of the Project Site:
For geotechnical aspects of the project site see the Soil Investigation report (GOLDER 2012) submitted with
OPG letter dated July 9, 2012 (OPG 2012).
Monitoring of Tritium in Released Water during Construction:
The DGR EA Follow-up Monitoring Program (NWMO 2011) describes monitoring for the DGR project which
encompasses both deep and shallow well monitoring. Well monitoring includes monitoring of tritium and the
results will be documented in an annual report. An additional 8 downgradient and 2 background shallow
groundwater wells are being installed in 2012 and will become part of the monitoring network to provide
baseline information and continue to be monitored through construction. Water samples will be taken from
the shafts during construction to verify that the tritium concentrations are not of concern. Periodic monitoring
of shaft construction water inflow and outflow will be conducted during the initial phases of shaft construction.
Routine monitoring frequency will be established following an assessment of initial monitoring results. Further
information on tritium in groundwater as relevant to construction activities at the project site is provided in
response to Information Request IR-EIS-01-01, including in its enclosed Technical Memorandum.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Soil Investigation
for Proposed Surface Facilities, Kincardine, Ontario. Report No. 1011170042-REP-G2030-0002.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization
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document NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request Package #3”, CD# 00216CORR-00531-00117, July 9, 2012.

EIS-01-02



EIS
Guidelines:
Section 8.2,
Site
Preparation
and
Construction

Information Request:
Provide additional information describing:
 the possible above ground storage of explosives at the Bruce site; and
 any potential effects from the above ground storage site.
Context:
The information in the EIS describing surface storage of explosives at the Bruce site, prior to the
establishment of underground storage, is not sufficient to allow the assessment of any potential effects of
such storage.
While section 4.7.5.2 indicates “During shaft construction, explosives are required on a daily basis. Explosives
will be delivered as required by the explosive supplier to the underground magazine once the underground
services area is completed. … Handling explosives on the DGR Project site (both surface and underground)
will be in accordance with Part VI of the Mines and Mining Plants Regulations (O. Reg. 854 [29]).”, no
information is provided on what, if any, storage on the Bruce site will take place prior to the establishment of
the underground storage area.
OPG Response:
The project will require explosives to be brought to the Bruce nuclear site for the development of the shafts
and underground repository openings. Until the underground explosives storage is developed, explosives
and initiating devices could be stored in a purpose-built storage building on surface at the Bruce nuclear site,
with periodic replenishment, or provided directly to the construction activities on an as-needed basis. It
should be noted that there will be no facilities for the production of explosives at the Bruce nuclear site, only
storage. At this time it has not been determined whether a suitable location is available at the Bruce nuclear
site for on-site storage. If on-site storage were to be pursued, the location and quantity of explosives that
could be stored would be derived from the Quantity-Distance Table for Storing Blasting Explosives as outlined
in Appendix A of the Natural Resources Canada (NRCan) Blasting Explosives and Initiation Systems –
Storage, Possession, Transportation, Destruction and Sale (NRCan 2008). In determining whether a suitable
location is available, the presence of other facilities at the Bruce nuclear site would be fully considered.
Should on-site storage be found practical for storage of explosives and initiating devices, the storage
magazines will be installed to meet the above NRCan requirements. There is no expected environmental
4
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impact as the explosive magazines are self-contained structures and the contents are packaged with no
possibilities of emissions or leakage.
References:
Natural Resources Canada (NRCan). 2008. Blasting Explosives and Initiation Systems – Storage,
Possession, Transportation, Destruction and Sale.

EIS-01-03



EIS
Guidelines:
Section 12,
Accidents,
Malfunctions
and
Malevolent
Acts

Information Request:
Provide additional information on initiating event frequencies as follows:
 provide an explanation on how the initiating event frequencies were determined;
 provide specific explanations for any non-credible events that are not being assessed further; and
 clarify how an explosion is a non-credible initiating event.
Context:
Initiating events are an important component of the assessment of malfunctions and accidents.
In the documentation, all initiating events are assigned a frequency and then ranked as possible events,
unlikely events and non-credible events. Given the information provided, it is unclear how these frequencies
were determined. Also, any initiating events with an annual frequency ≤10-7 were classified as non-credible
events and were not considered further. These non-credible initiating events were listed but no further
explanation was provided.
Finally, the list of non-credible initiating events includes “explosion”; however, in the EIS, page 4-46, the
project plan discusses using explosives and storing 30 to 40 tonnes underground during the construction
phase. Natural and waste generated methane is identified as a concern in the same report. So it is unclear
how an explosion can be a non-credible event.
OPG Response:
1. Initiating event frequency explanation
The Environmental Impact Statement (EIS) (Section 8.1) includes a summary list of potential initiating events
and an estimate of frequency range, Table 8.1-1. This list is duplicated from the Malfunctions, Accidents and
Malevolent Acts (MAMA) TSD (Section 3.2), Table 3.2-1.
The initiating event and frequency list (Section 8.1 of EIS and Section 3.2 of the MAMA TSD) are intended to
provide a high-level overview of initiating events considered, and a general indication of likelihood to help
inform the subsequent discussion. The “frequency” scale is simplified - possible, unlikely, or non-credible and represents wide frequency ranges rather than precise estimates. The likelihood is primarily the frequency
5
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of events that could lead to radiological releases.
Frequencies for events were estimated based on regional information for meteorology and seismicity, and on
operating experience in nuclear waste management facilities, including OPG’s, and the mining industry. The
risk from surface flooding was specifically assessed in the Maximum Flood Hazard Assessment
(AMEC 2011).
More specific analyses of the events and consequent malfunctions and accidents are provided in subsequent
chapters.
With respect to radiological accidents, as noted in the EIS, Section 8.2.1.3 (Radiological Malfunctions and
Accidents / Potential Effects) and in MAMA TSD, Section 4.1.1.1 (Identification and Screening of Radiological
Accidents), the justification for the radiological accidents is provided in Chapter 7 of the Preliminary Safety
Report. In particular, the discussion of initiating events and the basis for the qualitative frequency estimate is
presented in PSR, Section 7.5.1 (Hazard Identification). With respect to the initiating event frequency, the
estimates are only used to identify non-credible accidents, as both the possible and the unlikely events are
considered within the bounding accident scenarios, and the same dose constraints apply.
With respect to conventional accidents, as noted in the EIS, Section 8.3.1 (Conventional Malfunctions and
Accidents / Screening) and in MAMA TSD, Section 5.2 (Identification of Conventional Malfunctions and
Accidents), the justification for the conventional accidents is provided within these sections, in Tables 8.3.1-1
(EIS) and Tables 5.2-1 and 5.3-1 (MAMA TSD), respectively. Initiating event frequency is not used.
2. Non-credible events
It is noted that the initiating event summary Table 8.1-1 in EIS and Table 3.2-1 in MAMA TSD indicate that
the following events are not credible at the DGR site: criticality, explosion, tornado, external fire affecting the
DGR Project, aircraft crash and meteor impact. The assessment is primarily based on the likelihood of events
that could lead to radiological releases, and the justification is provided in PSR, Section 7.5.1, Hazard
Identification. The relevant text is repeated and extended below.
Criticality
A criticality accident is not credible, because there will be very little fissile material in the DGR (it contains low
and intermediate level waste, not used fuel waste), and the fissile material is distributed across multiple waste
packages and not concentrated in any one place.
Explosion
See discussion below.
Tornado
Tornadoes are very localized severe wind events. A tornado striking within the DGR site area would be very
6
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unlikely but possible. A direct tornado impact on the WPRB (i.e., leading to radiological risk) is not credible
based on the WPRB footprint of approximately 0.001 km2 and the reported annual frequency of approximately
1 tornado per 10,000 km2 in southern Ontario (PSR, Section 2.5.4.8). Wind-generated missile striking a waste
package would require a hurricane or tornado near the WPRB plus the generation of a wind missile that hits a
waste package in the WPRB. The latter is a non-credible event in part because packages are not normally
stored in the WPRB, and because they are a small surface area target. Once underground, waste packages
are naturally protected from tornadoes.
However, collapse of the WPRB leading to breach of packages is considered as an accident scenario and
assessed. The specific cause of this event could include high winds.
External Fire
There will be no large forest fires near the DGR Facility, as there is no forest in the vicinity, nor are there large
diesel or propane tanks nearby, or roads/rails within 1 km where large amounts of flammable materials are
carried. (Propane will be used for heating the DGR during construction, but only electrical heat will be used
during operation.) Therefore, the risk of an off-site external fire affecting the waste packages is not credible.
Aircraft Crash
The Bruce region has low levels of general aviation – typically small non-commercial, non-military aircraft. The
nearest fields are at Kincardine and Port Elgin airport, about 16 km distant. Using the U.S. DOE approach
(USDOE 2006), the aircraft crash frequency can be estimated based on:




Number of flight operations in area;
Probability that an aircraft will crash during a flight operation; and
Conditional probability that the aircraft crashes into the facility.

Based on the U.S. DOE approach (USDOE 2006), and since the local airports are small and distant, the risk
of aircraft crash into the DGR can be estimated based on a general aviation crash rate of about 10-4 per
square mile per year and a DGR (waste handling) structure footprint of 0.0004 square miles, giving 10-4 x
0.0004 ~ 4 x 10-8 per year risk of impact.
Therefore, an aircraft crash accidentally impacting on the DGR waste handling structures (WPRB and main
shaft headframe) is not credible, due to small footprint of the above ground structures and low levels of
general aviation in the Bruce region.
Meteor Impact
Meteor impact is not credible due to the small footprint of above ground structures and the very low likelihood
of large meteors (capable of damaging rock to 680 m) hitting the site.
3. Explosions
7
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The statement in the initiating event summary Table 8.1-1 in EIS and Table 3.2-1 in MAMA TSD that
explosions are not credible is with respect to the Operations phase and radiological accidents. It should have
been stated that explosions are considered credible during the Site Preparation and Construction stage.
Explosions are considered as a credible accident during the Site Preparation and Construction phase, as
identified in EIS Tables 8.2.1-1 and 8.3.1-1. This is because there are explosives on site being used in
creating excavations. Explosions are therefore considered in the environmental assessment for this phase.
The justification that explosions are not credible during the Operations phase is presented in Section 7.5.1
(p.423) of the Preliminary Safety Report. Briefly, this is due to the lack of explosives in or near the repository
during operations, the very low rate for methane gas generation from the wastes under aerobic conditions,
and the lack of ignition sources in filled rooms.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada.
U.S. DOE. 2006. Accident analysis for aircraft crash into hazardous facilities. U.S. Department of Energy
report DOE-STD-3014-2006. USA.

EIS-01-04



EIS
Guidelines:
Section 12,
Accidents,
Malfunctions
and
Malevolent
Acts

Information Request:
Provide additional information regarding contingency planning that specifically addresses the radiological
event bounding scenarios. Each bounding scenario requires a description of any contingency, clean-up or
restoration work in the surrounding environment that would be required during or immediately following the
postulated malfunctions and accidents.
Context:
The EIS Guidelines includes a requirement to provide a description of any contingency, clean-up or
restoration work in the surrounding environment that would be required during or immediately following the
postulated malfunctions and accidents.
The EIS and the Malfunctions, Accidents and Malevolent Acts TSD’s radiological malfunctions and accidents
sections do not give specifics on possible contingency, clean up or restoration work. There are generic
statements on mitigation measures and that contingency plans will be in place for accidents with larger
consequences. The statements do not address the specific bounding scenario events that were identified in
the EIS and the supporting documentation.
The Preliminary Safety Report had identified 5 above ground bounding scenarios and 6 underground
bounding scenarios that should be addressed. Sufficient information is needed to allow the assessment of any
potential effects from the contingency clean-up or restoration work.
8
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OPG Response:
The preclosure safety assessment identifies two basic types of radiological events - fire and container breach.
The likelihood of these accidents occurring is reduced through mitigation measures as noted in the EIS,
Sections 8.2.3 and 8.3.3. These include:





Design mitigation (e.g., minimizing combustible materials);
Controls installed on equipment to restrain their movement (e.g., limit switches);
Administrative controls (mainly through procedures); and
Worker training.

With respect to any type of radiological incident, OPG’s Nuclear Waste Management Division and Western
Waste Management Facility (WWMF) follow the OPG Radiation Protection Requirements- Nuclear Facilities
(OPG N-RPP-03415.1-10001), in particular Chapter 8 (Incidents and Emergencies), and the Radiation
Protection program (OPG N-PROG-RA-0013). Associated procedures at WWMF are the Employee
Emergency Response (W-PROC-ES-0002), Western Spill Response (W-PROC-ES-0003) and Fire Protection
(W-PROC-ES-0011). See also the response to IR-LPSC-01-15 for information on the response to a fire or
spill underground.
OPG does not have, beyond these, specific procedures for response to radiological incidents at WWMF, and
the DGR would use this same framework. As with any radiological incident, immediate response would be to
stop work and back out. Hazards and mitigations, including those to the surrounding environment, would then
be assessed based on the specific accident. It should be noted that waste packages are only handled within a
Zone 2 area.
References:
OPG Radiation Protection Requirements- Nuclear Facilities, OPG N-RPP-03415.1-10001.
OPG Radiation Protection Program, OPG N-PROG-RA-0013.
WWMF Procedure. Employee Emergency Response, W-PROC-ES-0002.
WWMF Procedure. Western Spill Response, W-PROC-ES-0003.
WWMF Procedure. Fire Protection, W-PROC-ES-0011.
EIS-01-05



EIS
Guidelines:
Section 8.1,
General
Information

Information Request:
Provide additional information/clarification on the following items regarding the characterization of the
inventory of radionuclides:
 methods or procedures used to measure important beta and alpha emitters (e.g. difficult to measure
9
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(DTM) radionuclides, other than gamma spectrometry) during the characterization of radionuclides in
the wastes to develop the inventory.
 cross-checking of radionuclide measurements made by the proponent with those made by independent
laboratories on the same samples.
Context:
It is essential in the assessment of environmental effects that there is confidence that post closure safety
assessment predictions are reasonably conservative. This requires confidence that the activity concentration
of radionuclides has been adequately bounded in each waste stream based on sufficient measurements of
waste packages.
It is unclear why gamma spectrometry was used to “measure” DTM radionuclides. The docmentation
indicates that “The scaling factors were generally based on actual measurements of difficult-to-measure
radionuclides obtained from gamma spectrometry of waste packages and/or samples of waste”. As most DTM
radionuclides are alpha or beta emitters, this statement is questionable.
Confidence is also required in the quality assurance/quality control of the radionuclide measurements One
check on quality assurance/quality control is to cross check a specimen through analysis by a number of
laboratories.
Information indicating the cross-checking of radionuclide measurements is important in understanding the
postclosure safety assessment.
OPG Response:
1. Measurement procedures
Difficult-to-Measure (DTM) radionuclides are measured using a variety of radiochemical processes, in
particular, liquid scintillation and alpha/beta proportional flow counting.
Most of the measurements were conducted at Kinectrics Inc. Radiochemical characterization is performed by
measuring alpha/beta and gamma activities of composite samples by procedures accredited through
Standards Council of Canada (SCC). The methods are summarized in Table 1.
Note that the Reference Inventory report (OPG 2010), Section 2.2, states that “The scaling factors were
generally based on actual measurements of difficult-to-measure radionuclides obtained from gamma
spectrometry of waste packages and/or samples of waste.” The sentence should have said “The scaling
factors were generally based on gamma-spectroscopy of waste packages/samples and actual measurements
of difficult-to-measure radionuclides in samples of waste.”

10

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Table 1: Methods Used to Determine Activity of Difficult-to-Measure Radionuclides
Radionuclide
Sr-90

Type of Matrix
 Solid
 Sample
dissolved in
acid; insoluble
material is heat
fused and
combined with
acid digested
sample.

Principles of
Determination
 Liquid scintillation or
beta counting is
used to measure Y90, the daughter
product in
equilibrium with
Sr-90.
 Beta counting is
the preferred
technique; it is
particularly useful
for lower activity
samples.

Methodology of
Chemical Separation
 Solvent extraction is
performed to separate
Sr-90 from other
radionuclides including
the existing daughter
product Y-90.
 Y-90 is allowed to reequilibrate with Sr-90.
The time period for this
is 7-10 days.
 Sr-90 is estimated from
the measured Y-90
activity.
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Corrections –
Verifications
The decay curve of Y90 is monitored over
2-3 days to determine
if interferences exist.
Gamma counting may
also be used to
identify interfering
radionuclides
(especially Co-60 and
Cs-137).
Repeated extractions
are required to
eliminate interferences
from other
radionuclides.
Known amount of
inactive carrier is
added to determine
recovery.
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Pu-238
Pu-239/40
Am-241
Cm-242
Cm-244
(alpha
emitters)

 Solid
 Sample
dissolved in
acid; insoluble
material is heat
fused and
combined with
acid digested
sample.

 Alpha Spectrometry

Pu-241

 Solid
 Sample
dissolved in
acid; insoluble
material is
heat fused and
combined with
acid digested
sample.

 Liquid Scintillation
Counting or
Induction Coupled
Plasma

Fe-55

 Solid
 Sample
dissolved in
acid; insoluble
material is
heat fused and
combined with
acid digested
sample.

 Liquid Scintillation
Counting

12

 Precipitations are
performed to remove
undesired elements and
radionuclides (including
Ni-63 if present). The
aqueous acidic phase
contains the desired
alpha emitting
radionuclides along with
Fe-55 if present.
 The aqueous phase
radionuclides are
transferred on to ion
exchange media and
then sequentially eluted.
All Pu species are thus
separated from Am-241
and Cm species. Fe-55
if present is also
separated out.
 The radionuclides are
then precipitated, filtered
and counted.
 See method for
determining alpha
emitters.
 Filtered precipitates
containing Pu species
are re-dissolved and
prepared for Pu-241
analysis.

 NIST traceable Pu-242
tracer added to
sample before
processing. Recovery
is determined and a
correction factor is
applied to Pu-238 and
Pu239+240.
 Similar for Am-241,
Cm-242 and Cm-244
except Am-243 used
as the tracer.
 Yield is typically 80% 100%.

 See method for
determining alpha
emitters.
 Eluant from ion
exchange resin column
is prepared for analysis.

 Samples typically
contain inactive Fe. Its
concentration is
tracked to determine
recovery. A correction
factor is then applied
to measured Fe-55.

 NIST traceable Pu-242
tracer added to
sample before
processing. Recovery
is determined and a
correction factor is
applied to Pu-241.
 Yield is typically 80% 100%.
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C-14

 Solid
 Sample
dissolved in
acid; insoluble
material is
heat fused and
combined with
acid digested
sample.
 Solid

Cl-36

 IX Resins

 Liquid Scintillation
Counting

Tc-99

 IX Resins

 Liquid Scintillation
Counting

Ni-63

 Liquid Scintillation
Counting

 See method for
determining alpha
emitters.
 N-63 is extracted from
the precipitates (see first
bullet under alpha
emitters).

 Samples typically
contain inactive Ni. Its
concentration is
tracked to determine
recovery. A correction
factor is then applied
to measured Ni-63.

 Liquid Scintillation
Counting

 C-14 is stripped from
sample using acid.
 If C-14 in non-CO2 form
is also required, then
sample must be
combusted to convert all
C-14 into its CO2 form.
 Chlorine in the chloride
form is stripped from the
resin.
 Series of precipitations
and extractions are
performed to remove
interferences.
 A large sample (~50 g) is
typically required to
obtain an appropriate
Minimum Detection Limit
(MDL).
 Technetium is stripped
from the resin using acid.
 Series of chemical
purifications are
performed to isolate Tc99 and remove
interferences.
 Sufficient time is needed
to allow added Tc-99m
tracer to decay.
 A large sample of resin is
required to obtain
appropriate MDL.

-
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 Results are corrected
for sample yield.
 Cl-36 in perchlorate or
chlorate form, if any, is
not accounted for.

 Results are corrected
for sample yield.
 Tc-99 contribution from
Tc-99m decay will
elevate background
measurements.
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I-129

 IX Resins

 Liquid Scintillation
Counting

 Iodine is stripped using a
basic solution.
 Series of extractions are
performed to remove
interferences; also
chemical treatments are
performed to convert all
the iodine to the highest
oxidation state.
 A large sample (~50 g) is
typically required to
obtain an appropriate
MDL.

 Tritium and C-14 must
be removed from
analyte.
 Results are corrected
for sample yield.

2. Cross-checking
Most of the measurements were conducted at Kinectrics Inc. Kinectrics is certified to ISO 17025 (General
Requirements for the Competence of Testing and Calibration Laboratories).
Radiochemical characterization is performed by measuring alpha/beta and gamma activities of composite
samples by procedures accredited through Standards Council of Canada. The measurements follow a strict
QC regimen including checking of blanks, calibration of instruments, and records checks. The main
calibrations are described in more detail below:
Gamma Analysis – Calibrations are performed using certified standards from Eckert and Ziegler once a year.
Quality Control (QC) checks are performed twice a week to ensure that calibrations are correct (within 5%).
All standards are certified and traceable. To calibrate gamma detectors, a mixed radionuclide standard is
created and calibrated for a variety of geometries. Calibrations for filter geometries are performed using a
mixed radionuclide standard deposited on a glass fibre filter.
DTMs – Calibrations are performed with NIST (U.S. National Institute of Standards and Technology) traceable
standards under NIST traceable QC checks. Standards and blanks undergo separation procedures and are
measured. A QC sample and blank is run with each batch of samples and calibration is completed at least
once a year. For Am and Cm, NIST traceable standards are deposited onto a resolve filter and counted for
efficiency and for energy calibration. Once the energy calibration and efficiencies have been determined, Am
and Cm from a different source are deposited onto 4 or 5 filters and counted for validation purposes. The
same procedure is used for Pu.
H-3 and C-14 – The liquid scintillation counters (LSC) are calibrated at least once per year using NIST
traceable standards. NIST traceable QC samples are run with every batch of samples along with a blank.
QC samples for the LSC are run multiple times a week and often multiple times a day.
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OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003-R003. Toronto, Canada.

EIS-01-06



EIS
Guidelines:
Section 8.1,
General
Information
and Design
Description:
12th and 14th
bullets

Information Request:
Provide additional information on the characterization of uncertainty with the radionuclide measurements as
follows:
 provide graphical relationships between easy to measure (ETM) radionuclides and difficult to
measure (DTM) radionuclides for each nuclide in waste streams that most contribute to dose in the
post-closure safety assessment; and
 elaborate from Appendix D of the Reference Low – and Intermediate-Level Waste Inventory for the
Deep Geologic Repository by providing a discussion of the level of confidence in each scaling factor,
based on the number of samples analysed to derive the scaling factors and to characterize the
inventory, and whether the number of samples and the confidence in the scaling factors is sufficient
or not.
Context:
A thorough understanding of the uncertainty associated with the radionuclide measurements is needed in
order to be confident that the post closure safety assessment predictions are reasonably conservative. This is
in alignment with IAEA (2011), section 5.3 that indicates: “Waste intended for disposal has to be characterized
to provide sufficient information to ensure compliance with waste acceptance requirements and criteria”.
OPG needs to elaborate on the analyses that were done to derive each scaling factor in order to better
describe the current uncertainty in the inventory measurements. The uncertainty in the estimated activity of
radionuclides is provided in tables in Appendix D of the Reference Low – and Intermediate-Level Waste
Inventory for the Deep Geologic Repository. OPG states that an uncertainty of a least square distance less
than 10 is acceptable uncertainty. However, it is difficult for the reviewer to fully grasp what a least distance of
10 really means in terms of uncertainty. Graphical relationships for ETM and DTM radionuclides (similar to
IAEA 2009 and Thierfeldt and Deckert 1995) would more clearly depict the amount of data used to derive
each scaling factor. Comparisons with other available databases supporting scaling factors may also facilitate
a better understanding of the uncertainties. For instance, how does this database compare to the EPRI
database (Best 1986; Deltete 1987; Best and Miller 1987).
Clearer presentation of uncertainties is needed to increase CNSC staff confidence around the uncertainty
associated with each scaling factor for radionuclides in waste streams that contribute significantly to the dose
in the environment or humans at any given time into the future.
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OPG Response:
The projected total inventory of radionuclides in the DGR is provided in the OPG Reference Inventory report
(OPG 2010). It is based on radionuclide specific activities in the various waste types, and the projected total
volume of the waste types. The specific activities are derived from measurements and calculations for the
OPG waste types. The projected total volume is based on the existing waste volume and a reference
scenario for future operation of the OPG owned or operated reactors; a significant fraction of these wastes are
already present at the Western Waste Management Facility site.
Radionuclide activities typically vary significantly between waste packages of a given type. However, the total
repository inventory is less uncertain because it is based on the inventories summed over a large number
(often thousands) of packages.
From the DGR postclosure safety assessment, the key radionuclides with respect to potential dose impacts
are C-14, Cl-36, I-129, Nb-94, Ni-59 and Zr-93. The characterization of uncertainty in these radionuclide
activities is addressed in the enclosed report (NWMO 2012).
For these radionuclides, the uncertainty is estimated to be within a factor of 10 relative to the Reference
Inventory value. This is considered to provide sufficient confidence in the scaling factors and inventory to
support the postclosure safety assessment because the peak dose results for the postclosure Normal
Evolution Scenario are many orders of magnitude below the dose criterion, and the unlikely Disruptive
Scenarios are well within the risk criterion (Chapter 8, Preliminary Safety Report). The conclusion on the
repository safety is not sensitive to these inventory uncertainties.
Continuing work is underway which will improve the estimates of total projected DGR radionuclide activity. A
revised reference inventory will be presented as part of the application for the Operating Licence.
References:
NWMO. 2012. OPG DGR: Key Radionuclide Activity Uncertainty. NWMO Technical Memorandum NWMOTM-03130. Toronto, Canada. (enclosed)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003-R003. Toronto, Canada.
EIS-01-06a
(Supplementary
response
submitted on
July 10, 2012 as
a result of the
clarification
meeting with



EIS
Guidelines:
Section 8.1,
General
Information
and Design
Description:

OPG Supplementary Response:
Safety Assessment Margins
With respect to the safety assessment margins, it is emphasized that placing low- and intermediate-level
waste under several hundred metres of very low permeability rock results in low future peak dose rates. The
need for high accuracy in inventory of most nuclides is low, especially compared with that for near-surface
disposal facilities. Some radionuclides are dominant under certain scenarios, and therefore identified as
16
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‘important’ DGR radionuclides, but are never associated with high dose rates (e.g., I-129, Zr-93) even under
unlikely scenarios such as human intrusion. This is illustrated in the following figure which shows the peak
dose contributors as well as secondary dose contributors for several important scenarios.
Scaling Factor Confidence & Waste Characterization Program
The enclosed Technical Memorandum (Liberda 2012) provides further information with respect to:
 The scaling factor statistical goodness-of-fit and 95th percentile confidence interval.
 Clarification of the outliers, and their influence.
 Additional international data references.
 Graphical comparison of the international waste characterization data showing how they provide
further weight of evidence support to conclusion on OPG scaling factors.
 The OPG waste characterization program.
Reference:
Liberda, K. 2012. Addendum to OPG DGR: Key radionuclide activity uncertainty. NWMO Technical
Memorandum NWMO TM-03130 R0. Toronto, Canada. (enclosed)
Figure 1. Key Peak Dose Contributors
Normal Evolution: Reference Case

I‐129

Normal Evolution: Simplified Base Case

I‐129
Zr‐93

Normal Evolution: Instant Resaturation & Release, No Sorption

Dose from Natural
Background

12th and 14th
bullets

CNSC on May
1, 2012)

Information Request and Response

Dose Criterion for
Disruptive Events

IR#

C‐14

Normal Evolution: Increased Gas, Reduced Shaft Performance

I‐129 Ni‐59,Zr‐93,Pu‐239 Cl‐36

C‐14

Nb‐94

Human Intrusion
Cl‐36, I‐129

C‐14

Severe Shaft Failure

Zr‐93

Poorly Sealed Borehole

Zr‐93

Vertical Fault
1.0E-15

1.0E-12

1.0E-09

1.0E-06

1.0E-03

Maximum Calculated Ef f ective Dose (mSv/a)
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Information Request:
Provide all the necessary information in order to verify calculations leading to the quantity of radionuclide in
the current and past inventory. More specifically:
 provide specific dates from which OPG starts to account for decay in their calculations;
 OPG should clearly indicate the sources of their half-life data and verify their consistencies within the
documentation; and
 provide the approach used to consolidate the types of wastes and the data to support the
consolidation, the sources of data presented in the tables and an explanation for any changes.
Context:
It is important to the assessment of environmental effects that there is confidence that the post closure safety
assessment of long term performance is reasonably conservative. Confidence can be achieved by tracing the
use of supporting data through different calculations and through independent calculations to verify the values
used and to confirm results. The reporting of some of the radionuclide inventory in the submission is not
consistent and could not be fully verified. The elemental inventory could also not be fully verified. Sufficient
detail should be included to allow independent calculations to confirm assessment results, whether by means
of simplified calculations or by complete reproduction of the results.
Tables 2.4 to 2.7 in the document, Reference Low and Intermediate Level Waste Inventory for the Deep
Geologic Repository, summarize the estimated total decay corrected radionuclide inventory of the projected
wastes in storage in the DGR at two future dates. However, specific dates are not provided that start the
accounting process for decay and are necessary to permit verification of inventories.
The aforementioned report presents the half-life of radionuclides in Tables 2.4, 2.5, 2.6, 2.7, 3.2, 3.3, B.1, B.2
and B.3, which are important to the process of accounting for decay. However, another table in a secondary
reference containing waste inventory data, the Postclosure Safety Assessment: Data report provides
somewhat different half-life values supported by their source. As no source was provided for the half life
values presented in the Inventory report it was not possible to check their validity.
In the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository report, the
information presented in Tables 2.4 through 2.7 are identified as based on Appendix B, Tables B1 through B.3
which present the nuclides in each waste ‘as received’. Appendices C through E provide additional
information on the wastes (data sheets in E). An examination to the information indicates that the waste
‘types’ vary somewhat in description through the sequence of appendices and vary with the types presented
in Tables 2.4 to 2.7 of the report. It is not apparent how to rationalize and verify the information. As an
3
example, from Appendix E in the ‘Reference Inventory’ the net volume of old bottom ash is 950 m in 2018,
3
3
and the net volume of new bottom ash is 671 m in 2018 for a total of 1621 m , but Tables 2.4 and 2.5 give
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the volume of bottom ash in 2018 as 1352 m3.
In the Post closure Safety Assessment report, Table 4.4 presents inventory data extracted from the
‘Reference Inventory’ report, however it is not stated where in the referenced report the data are from. Tables
2.5, 2.7 and 3.3 in the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic
Repository and Table 4.4 in the Post closure Safety Assessment report are not in agreement. There is more
difficulty in finding the source for the elemental inventory since no tables in the reference inventory report
presents the data as entered into Table 4.4. Again, data cannot be readily verified.
OPG Response:
1. Dates for accounting for radioactive decay
A reference inventory is defined for each waste type in the Reference Inventory report (OPG 2010) based on
a reference date. For operational wastes, the wastes are characterized on an “as-received” basis, which
refers to when they are typically received at OPG’s Western Waste Management Facility (WWMF) from the
stations. This means that the inventories already include decay typical for that due to the time delay in routine
station storage, handling and shipment to WWMF. For refurbishment wastes, such as steam generators or
retube wastes, the inventories are characterized based on a defined time after reactor shutdown.
The radionuclide inventories at WWMF are tracked within the OPG Integrated Waste Management Tracking
System (IWTS). As packages are received at WWMF, they are entered into IWTS with their as-received date
and reference inventory. IWTS can also incorporate future projections of waste package arrivals. At any
future date, IWTS can then calculate the radionuclide inventory incorporating the radioactive decay from the
arrival of each package to the given future date. In the Reference Inventory report (OPG 2010), this
calculation of total radioactive inventory is presented for two dates, the end of 2018 and the end of 2062,
representing assumed start of operations and closure.
The DGR will eventually contain over 50,000 packages. IWTS contains information on the arrival date of
each package and can provide this list; it would be very long.
However, for verification purposes this level of detail is not required. Except for radionuclides that have a
short half-life (several years or less) relative to the duration of WWMF and DGR operations, it is a good
approximation to assume that operational wastes arrive in roughly equal amounts each year while
refurbishment wastes arrive according to the Scenario B reference case (Section A.2.0 Reference Inventory
report, OPG 2010). We provide an example below to illustrate this approach.
Example - Radionuclide inventory in Moderator IX resins at 2018
Verification - In this verification example, inventories of C-14, Cl-36, Co-60, Fe-55, H-3, Pu-239 and Zr-93
are calculated at 2018. The specific activity of as-received moderator resin can be obtained from Table B.2 of
19
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the Reference Inventory report.
Assume that moderator IX resins are shipped to WWMF in approximately equal amounts each year since its
opening in 1976. The DGR starts operation in 2018, and the last package is received at DGR in 2052.
Closure is assumed to be completed in 2062. The waste volumes shipped per year are therefore on average
as shown in Table 1.
Table 1: Moderator IX Resins Volume Inventory
Inventory volume at 2018 (m3)
1174
Table 2.6 *
Inventory volume at 2052 (m3)
Volume received per year between
1976 and 2018 (m3/yr)
Volume received per year between
2018 and 2052 (m3/yr)
Volume received per year between
2052 and 2062 (m3/yr)
* Reference Inventory report (OPG 2010).

1929

Table 2.7 *

=1174/(2018-1976) = 28

calculated

=(1929-1174)/(2052-2018)
= 22

calculated

0

monitoring and
decommissioning period

Assuming constant shipment to WWMF of 28 m3/yr of moderator resins as in Table 1, and accounting for
decay from each year to 2018, the calculated total amount at 2018 is listed in Table 2 below. This is
compared with the Reference Inventory report value in Table 2. It can be seen that the agreement is very
good for long-lived radionuclides, and poorer (but still good) for shorter-lived radionuclides for which the
variation in waste volume from year-to-years is more significant. A similar comparison can be prepared for
the radionuclide inventory in 2062 (not shown) with similar conclusions.
This example illustrates how the inventories can be independently verified with available information.

Radionuclide

Table 2: Estimated Radionuclide Inventory in 2018
Specific Activity of
Moderator IX Resin
Estimated 2018
Half-life (a)
“as-received”
Inventory (with
Table B.2 *
decay) (Bq)
(Bq/m3)

Reference
Inventory
Report (2018)
Table 2.6 *
(Bq)

C-14

5.7E+03

2.7E+12

3.2E+15

3.2E+15

Cl-36

3.0E+05

3.4E+05

4.0E+08

4.0E+08

Co-60

5.3E+00

5.1E+10

1.2E+13

1.7E+13

Fe-55

2.7E+00

1.4E+10

1.7E+12

2.2E+12

H-3

1.2E+01

1.4E+11

6.4E+13

8.8E+13
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Pu-239

2.4E+04

1.3E+03

1.5E+06

1.5E+06

Zr-93
1.5E+06
4.5E+02
* Reference Inventory report (OPG 2010).

5.3E+05

5.3E+05

2. Source of Half-Life Data
The DGR Reference Inventory is based on results from the OPG Integrated Waste Tracking System (IWTS).
The radionuclide half-live values used by IWTS are consistent with ICRP Publication 72 (1996), except for Se79 and Sn-126 which were updated to current literature values a few years ago. These half-lives are listed in
the Reference Inventory report and in the DGR Preliminary Safety Report (PSR, Table 5-8, p.274). These
half-lives were used for all the reference inventory calculations.
Postclosure safety assessment calculations use the 2062 reference inventory as the starting point. All
subsequent amounts are calculated using half-life data from a more recent reference source, ICRP
Publication 107 (2008). This half-life data is documented in the DGR Postclosure SA Data report, Table 3.12,
p.23 (Quintessa and Geofirma 2011).
There are approximately 50 radionuclides tracked in IWTS and in the Postclosure Safety Assessment (SA).
For 40 of these radionuclides, the half-lives are the same within reporting precision. For the other 10
radionuclides as shown in Table 3, the differences in half-lives used in the Reference Inventory and
Postclosure SA reports are more than the reporting precision. These differences reflect more recent half-life
measurements or evaluations for these radionuclides.
Table 3: Comparison of Several Half-Life Values with Other Literature Values *
Radionuclide
ICRP 72
US NNDC
Ref. Inventory Postclosure SA
report (IWTS)
(ICRP 2008)
(ICRP 1996)
(2011)
Ni-59
7.50E+04
7.5E+04
1.01E+05
7.6E+04
Ni-63
96.0
9.6E+01
1.00E+02
100.1
Se-79
6.50E+04
3.8E+05
2.95E+05
2.95E+05
Mo-93
3.50E+03
3.5E+03
4.00E+03
4.0E+03
Nb-93m
13.6
1.4E+01
1.61E+01
16.13
Sn-121m
55.0
5.5E+01
4.39E+01
43.9
Ag-108m
1.27E+02
1.3E+02
4.18E+02
418
U-232
72.0
7.2E+01
6.89E+01
68.9
Pu-240
6.54E+03
6.5E+03
6.56E+03
6561
Am-242m
1.52E+02
1.5E+02
1.41E+02
141
* Numbers are reported in their source format and precision.
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The effect of using the postclosure safety assessment half-lives (i.e., from ICRP 2008), rather than the default
IWTS half-lives (i.e., from ICRP 1996) in calculating the reference radionuclide inventories was approximately
assessed. The effect on most of the radionuclides is less than a few percent. The Reference Inventory
would decrease by about 15% for Sn-121m, and would increase by about 20% for Ag-108m and 30% for
Nb-93m. Note that for the other ~40 nuclides considered, there is no difference.
In summary, the effect of the change in half-lives is of no significance to the postclosure safety assessment. It
is emphasized that the postclosure assessment uses a current consistent half-life dataset. But even if the
older half-life values were adopted, it would have no effect on the postclosure safety conclusion.
3. Approach to Consolidate Waste Inventories
The reference total DGR radionuclide inventories at 2018 and at 2062 are presented in Tables 2.4 to 2.7, and
Tables 3.2 and 3.3 in the Reference Inventory report (OPG 2010). These are based on the as-received waste
package inventories presented in Tables B.1 to B.3 (OPG 2010). The same waste types are identified in
these tables, except that the old and new ashes are combined into total ash inventories in Tables 2.4 and 2.5
(OPG 2010).
Appendix E (OPG 2010) is primarily a container description, not a waste inventory description. As noted in
the introduction to this appendix (p.74), the waste properties and container forecast given on the datasheets
are nominal, and the main report provides the reference forecasts.
More specific comments related to this Information Request follow.
3a. Ash volumes. The Information Request notes the following specific point. “From Appendix E in the
‘Reference Inventory’ the net volume of old bottom ash is 950 m3 in 2018, and the net volume of new bottom
ash is 671 m3 in 2018 for a total of 1621 m3, but Tables 2.4 and 2.5 give the volume of bottom ash in 2018
as 1352 m3.”
Appendix E of the Reference Inventory report notes the number of ash containers (old and new ash bins) that
will be emplaced in the DGR. It also summarizes the net ash volume that will be stored in these containers,
but does not specify the fraction that is bottom ash or baghouse ash.
As per Appendix E, the projected net volume of old bottom ash and old baghouse ash is 950 m3 in 2018. The
net volume of new bottom ash and new baghouse ash is 671 m3 in 2018. The total volume of ash is therefore
1621 m3 in 2018. From Table 2.4, the total volume of ash at 2018 is 1352 m3 bottom ash plus 291 m3
baghouse ash = 1643 m3. These totals differ by about 1%, which is within the accuracy of these estimates
since they are derived from different bases (waste volume versus container types).
Similarly, from Appendix E, the net volume of old ash is 950 m3 in 2052 and the net volume of new ash is
1447 m3 for a total ash volume of 2397 m3. From Table 2.5, the total ash volume in 2052 is 2033+364 = 2397
m3. From Table 2.1, the total volume of ash at 2052 is 806+55+1227+309 = 2397 m3. These totals are in
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agreement.
However, there is a small inconsistency between the Appendix E data sheets and Table 2.1. The net volume
of ash (old) is overstated by 89 m3 (10%) in Appendix E, while the net volume of ash (new) is understated by
89 m3 (6%) in Appendix E.
Again, as noted in the introduction to the appendix, the inventory information in the Appendix E is approximate
and the reference values are stated in the main body of the report.
3b. Inventory Data - Radionuclides. The Information Request notes the following specific point. “Table 4.4
presents inventory data extracted from the ‘Reference Inventory’ report, however it is not stated where in the
referenced report the data are from. Tables 2.5, 2.7 and 3.3 in the Reference Low and Intermediate Level
Waste Inventory for the DGR and Table 4.4 in the Postclosure Safety Assessment report are not in
agreement.”
The Reference Inventory report provides a breakdown of the inventory into about 20 types of waste. These
are grouped into Operational LLW, Operational ILW and Refurbishment L&ILW, reflecting that operational
wastes arrive continuously while refurbishment waste arrives in specific years.
For the postclosure safety assessment, the arrival time of the wastes at the DGR is not relevant. Therefore,
in the inventory summary Table 4.4 in the Postclosure Safety Assessment report (Quintessa et al. 2011), the
wastes are grouped into LLW and ILW for reporting purposes. That is, the refurbishment wastes are divided
between the LLW and ILW categories. The categorization of the refurbishment waste into LLW and ILW is as
presented in Table 4.1 of the Postclosure Safety Assessment report. (Note that the postclosure analyses
track and use the individual waste type inventories.)
Agreement between the tables can be illustrated by an example. For example, the C-14 inventory at 2062 is
stated as 1.4E12 Bq in Operational LLW (Table 2.5 of Reference Inventory report), 5.4E15 Bq in Operational
ILW (Table 2.7 of Reference Inventory report), and 6.6E14 Bq in Refurbishment Inventory (Table 3.3 of
Reference Inventory report). The latter is based on 1.0E12 Bq in refurbishment LLW (steam generators) and
6.6E14 Bq in refurbishment ILW (retube waste) according to Table 3.3. This results in a total inventory at
2062 as follows:
1.4E12 Bq in Operational LLW + 1.0E12 Bq in Refurbishment LLW = 2.4E12 Bq in LLW
5.4E15 Bq in Operational ILW + 6.6E14 Bq in Refurbishment ILW = 6.1E15 Bq in ILW
These agree with the 2.42E12 Bq in LLW and 6.07E15 Bq in ILW noted in Table 4.4 of the Postclosure SA
report (the latter was derived from an exact sum by waste types and includes more significant figures).
3c. Inventory Data - Elements. The Information Request notes the following specific point. “There is more
difficulty in finding the source for the elemental inventory since no tables in the reference inventory report
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presents the data as entered into Table 4.4. Again, data cannot be readily verified.”
In the inventory summary in Table 4.4 in the Postclosure Safety Assessment report (Quintessa et al. 2011),
the wastes are grouped into LLW and ILW for reporting purposes. That is, the refurbishment wastes are
divided between the LLW and ILW categories. The categorization of the refurbishment waste into LLW and
ILW is as presented in Table 4.1 of the Postclosure Safety Assessment report. The detailed elemental
inventories are provided in the Reference Inventory report (OPG 2011) in Table 2.8 and Table 3.4 (plus
Appendix C).
These tables are in agreement, as can be illustrated by an example. For example, for chromium, the
inventories in the operational wastes are identified in Table 2.8 in the Reference Inventory report. Adding the
values in kg for ash (3.8E3, 0, 2.5E3, 12), compacted bales/boxes (8.5E3), Non-processible (3.9E5), HX
(2.8E2), LL/ALW resin (2.8) and ALW sludge (1.1) gives a total of 4.0E5 kg in operational LLW. Adding the
values in kg for resins (17, 11, 26, 21), filters (3.1E4) and core components (4.8E3) gives a total of 3.6E4 kg
in operational ILW. From Table 3.4 in the Reference Inventory report, the amount in Refurbishment LLW is
3.8E5 kg in steam generators, while the amount in Refurbishment ILW is 1.7E5+1.5E3= 1.7E5 kg in retube
(smaller amounts are also in the Zircaloy pressure tubes as can be estimated from the data in Appendix C).
This results in a total chromium inventory at 2062 as follows:
4.0E5 kg in Operational LLW + 3.8E5 kg in Refurbishment LLW = 7.8E5 kg in LLW
3.6E4 kg in Operational ILW + 1.7E5 kg in Refurbishment ILW = 2.1E5 kg in ILW
These agree with the chromium totals of 7.85E5 kg in LLW and 1.98E5 kg in ILW in Table 4.4 of the
Postclosure SA report. (As with the radionuclide data, the latter values were derived from the source data,
without rounding for presentation, so have more precision).
References:
ICRP. 1996. Age-dependent Doses to Members of the Public from Intake of Radionuclides. ICRP
Publication 72.
ICRP. 2008. Nuclear Decay Data for Dosimetry Calculations. ICRP Publication 107.
Quintessa and Geofirma. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003-R003. Toronto, Canada.
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US NNDC. 2011. On-line “Interactive Chart of the Nuclides” from the US National Nuclear Data Centre at
http://www.nndc.bnl.gov/chart/. From ENDF/B VII.0.
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Information Request:
Provide summary data on measurements of fugitive emissions of H-3 species from low level storage buildings
in the context of existing radioactivity and contaminant releases and mobility. Information should include a
discussion of whether levels are consistent with tritium inventories (i.e. any species present are only a very
small fraction of total inventories). Where useful measured data are available, there should also be a
discussion on inventory sources (i.e., which waste category might be responsible) and on mechanisms
(microbial, chemical, radiological) for formation of species other than tritiated water (HTO).
If no site-specific data are available, then the general literature on tritium speciation in the environment should
be discussed and used for whatever inferences might be applicable to low and intermediate level wastes
(e.g., Akata et al., 2011).
Context:
EIS section 6.6.4.1, Releases to Air, provides information on radiological releases from the four major sources
at the Bruce site. It includes measurements of tritium oxide (HTO) releases from the Western Waste
Management Facility, but does not include the quantity of fugitive emissions from the waste in the low level
storage buildings (LLSBs). Nor does it include the “difficult to measure” species of tritium such as HT. The
very high levels of HTO, known to accumulate in the air inside the LLSBs, suggest that fugitive emissions of
the tritium gas HT are also occurring from the diverse wastes stored there (e.g. OPG 2007).
A better understanding is needed of ongoing releases of “difficult to measure” species of tritium from different
categories of wastes to make a risk informed decision about dose consequences to both workers and the
public from these same wastes in the DGR through all phases of the project.
OPG Response:
1) Emission rate
Data from measurements of fugitive emissions of H-3 from the Low Level Storage Buildings (LLSBs) (OPG
2007) are summarized in the DGR Preliminary Safety Report (PSR), Section 7.4.2.1, p.387. These H-3
release rates have been compared with the tritium inventories in the LLSBs. The calculated average
fractional release rate is presented in PSR, Table 7-9, p.386. The average tritium fractional release rate is
0.0042 (Bq/yr)/Bq or 0.4%/yr. As expected, this is a small fraction of the total inventory.
As noted in the PSR, this value is also consistent with French data of about 1%/yr for tritium emission from
medium activity L&ILW (Douche 2007). This rate is also consistent with Chang et al. (1984) who reported
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tritium offgassing from a simulated landfill of about 1%/yr.
2) Speciation
Emissions of tritium from LLSBs are expected to be primarily in the form of HTO. This is because the source
of the tritium in most of the LLW waste packages is from exposure to tritiated water from the reactors,
because of the aerobic conditions in these closed but unsealed LLW containers, and because of the low
levels of radiation (low radiolysis production of HT).
The dominance of HTO in LLSB emissions is supported by measurements at Western Waste Management
Facility (WWMF). Previous measurements at WWMF have indicated that any airborne water-soluble organic
bound component is a small component of the fugitive emissions (PSR, Section 7.4.2.1). Recent
measurements have been undertaken by OPG at the LLSBs, and no elemental tritium was measured (OPG
2011). Also, previous measurements at WWMF on ion exchange resin container headspace found that the
non-HTO portion was 30% on average of the tritiated gases (Kinectrics 2003). These ILW results should be
bounding for LLSBs, since more HT would be expected due to more anaerobic conditions in IC containers,
Furthermore, the low levels of non-HTO species in the LLSB emissions are consistent with the literature on
other wastes. Measurements by Molnar et al (2006) on headspace gas in drums of L&ILW indicated that
HTO was the dominant form of released tritium, with small levels of tritium-bearing CH4 and (lesser) H2.
Measurements on medium-activity waste storage at CEA, France (Douche 2007) reported about 80-90%
HTO, with balance HT. Higher HT in the latter case is expected since the facility handles some tritium as
elemental gas. Chang et al (1984) indicated the primary tritiated gas species released from their simulated
landfill were water vapor and methane.
In L&ILW gas measurements, Molnar et al (2006) concluded that the methane gas was primarily produced by
microbial degradation (based on the C-13 signature), with corrosion also providing gas and radiolysis a minor
role.
3) Waste source
The primary LLW package in the DGR (by both number and waste volume) is non-processible bins and
drums. These also are expected to have the largest overall tritium inventory (OPG DGR Reference Inventory
report, OPG 2010). While the number and types of waste packages vary between LLSBs, as a general
estimate, non-processible wastes are also the most common waste at WWMF and likely the main source of
tritium emissions. This is consistent with Molnar et al (2006), whose measurements indicated that noncompacted pressurized water reactor L&ILW (i.e., roughly similar to the OPG non-processible waste type)
released more tritium than corresponding sludge waste or compacted waste.
References:
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Chang, K.C., E. Chian, F. Pohland, W. Cross, L. Roland and B. Kahn. 1984. Behavior of radionuclides in
sanitary landfills. Health Physics 46(1) 45-53.
Douche, C. 2007. Interim storage for tritiated wastes. Proc. 8th Inter. Conf. on Tritium Science and
Technology, Rochester USA.
Kinectrics. 2003. Chemical, radiochemical and microbiological characterisation of the contents of resin liners
sampled at the Western Waste Management Facility in 2002. Kinectrics Inc., 9820-090-RA-0001-R00.
Toronto, Canada.
Molnar, M., L. Palcsu, E. Svingor, I. Futo, Z. Major and L. Rinyu. 2006. Isotope-analytical results of a study
of gas generation in L/ILW. Czechoslovak Journal of Physics 56, Suppl. D, D637-D6444.
OPG. 2007. An Overview of Tritium Release and Mitigation for the Western Waste Management Facility.
OPG report W-REP-00531-00005-R000. Toronto, Canada.
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003-R003. Toronto, Canada.
OPG. 2011. Letter to CNSC, “Western Waste Management Facility - WSH231 - Request for Additional
Information Item #3 “, CD# W-CORR-00531-00708. December 22, 2011.

EIS-01-09



EIS
Guidelines:
Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

Information Request:
Provide information on the baseline conditions and subsequent effect predictions, for acrolein from an air
quality perspective.
Context:
Acrolein is discussed from a human health context (i.e., Section 6.11, Table 6.12-1 of the EIS; Appendix C of
the EIS; Appendix J of the Atmospheric Environment TSD) but is not discussed relative to air quality.
Background conditions and predicted emissions are required to put the effects analysis into perspective for air
quality.
OPG Response:
Section 4.2.1 of the Atmospheric Environment TSD describes the indicators used when evaluating the effects
of the DGR Project on air quality. Acrolein was not identified as an air quality indicator (see Table 4.2.1-1 on
page 31 of the Atmospheric Environment TSD). One reason for the exclusion of acrolein is that there are no
relevant ambient air quality criteria to use for acrolein. Although there are acrolein criteria listed in Ontario
Regulation 419, Air Pollution – Local Air Quality (O.Reg. 419/05), the methods by which these criteria are
applied, as guided by the Ontario Ministry of Environment (MOE 2009), would not be appropriate for
evaluating the changes in air quality associated with the DGR Project.
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As stated on page 31 of the Atmospheric Environment TSD “… O. Reg 419/05 considers the emissions from
selected stationary sources only. Ontario exempts emission sources associated with construction activities
from evaluation (MOE 2007). Similarly, evaluations in accordance with O. Reg. 419/05 do not include
considerations of background concentrations.” When evaluated in the context of the O.Reg. 419/05 guidance,
the acrolein emissions from construction activities and mobile emissions sources would have to have been
excluded.
Since the air quality assessment considers all of the sources of the Bruce nuclear site (i.e., stationary and
mobile) and evaluates the effects of construction, it is not appropriate to apply O.Reg.419/05 criteria. Only
those compounds with Canada-wide standards or National Air Quality Objectives for Canada have been used
as indicators for evaluating air quality, hence acrolein is not used as an air quality indicator. There are no
Canada-wide standards or National Air Quality Objectives for Canada for acrolein.
Although acrolein was not identified as an air quality indicator, and thus was not used in evaluating the effects
of the DGR Project on air quality, acrolein was used as an input to the human health assessment presented in
the EIS. The following table shows the predicted 1-hour existing, construction and operations acrolein
predictions (including background acrolein [MOE 2005]) that would result for all of the emission sources
(including stationary, mobile and construction sources). The predictions show that once operations start, the
acrolein concentrations are unchanged from existing conditions. The reason is largely because motor
vehicles are the primary source of acrolein emissions at the Bruce nuclear site, and the operations of the
DGR Project will result in only a nominal increase in motor vehicle traffic each day.
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Maximum 1‐Hour Acrolein Concentrations for Health Assessment
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
1.22
1.58
1.18
1.26
0.66
1.38
Maximum Modelled
Construction Concentration
(µg/m³)
1.63
2.86
1.20
2.00
1.00
3.26
Maximum Modelled
Operations Concentration
(µg/m³)
1.22
1.60
1.18
1.26
0.66
1.38

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.83
1.43
1.51
0.91
1.63

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.88
3.11
1.45
2.25
1.25
3.51

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.85
1.43
1.51
0.91
1.63

Notes: Background acrolein from MOE 2005.
Receptor Locations are shown in Figure C2.3.1-1 of the EIS (Volume 2).
The following table shows the predicted 24-hour existing, construction and operations acrolein predictions
(including background acrolein) that would result for all of the emission sources (including stationary, mobile
and construction sources). The predictions show that the acrolein concentrations from the sources at the site
are less than the background value in all but two cases during site preparation and construction. The site
preparation and construction concentrations are higher than in both the existing and operations phase as a
29

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
result of the acrolein emitted from the diesel equipment used in the construction activities.
Maximum 24‐Hour Acrolein Concentrations for Health Assessment
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
0.14
0.15
0.17
0.16
0.09
0.22
Maximum Modelled
Construction Concentration
(µg/m³)
0.22
0.22
0.18
0.30
0.10
0.33
Maximum Modelled
Operations Concentration
(µg/m³)
0.15
0.16
0.17
0.16
0.09
0.24

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

0.39
0.40
0.42
0.41
0.34
0.47

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

0.47
0.47
0.43
0.55
0.35
0.58

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

0.40
0.41
0.42
0.41
0.34
0.49

Notes: Background acrolein from MOE 2005.
Receptor Locations are shown in Figure C2.3.1-1 of the EIS (Volume 2).
If acrolein were to be evaluated from an air quality perspective, it would need to be done in accordance with
O.Reg. 419/05 and the acrolein emissions used when calculating the values used in the health assessment.
As stated on page 31 of the Atmospheric Environment TSD “… O. Reg 419/05 considers the emissions from
selected stationary sources only. Ontario exempts emission sources associated with construction activities
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from evaluation (MOE 2007). Similarly, evaluations in accordance with O. Reg. 419/05 do not include
considerations of background concentrations.” When evaluated in the context of the O.Reg. 419/05 guidance,
the acrolein emissions from construction activities and mobile emissions sources would have to have been
excluded.
The following table shows the acrolein emissions that were considered in calculating the health assessment
numbers presented previously, as well as the acrolein emissions that would have been considered in
evaluating acrolein in accordance with O.Reg. 419/05. The overall emissions of acrolein that would be
considered when evaluating air quality in accordance with O.Reg. 419/05 are slightly lower than those used
for the health assessment predictions; however, the O.Reg. 419/05 emissions from the DGR Project are
effectively zero.
Scenario

All Acrolein Emissions
(kg/d)
On-site
DGR Only
Sources
5.5
6.1
0.5
5.9
0.4
6.1
0.6
6.1
0.6
6.2
0.7
5.6
0.1
5.6
0.0

Baseline
Construction: Stage 1
Construction: Stage 2
Construction: Stage 3
Construction: Stage 4
Construction: Stage 5
Operations
Decommissioning

O.Reg. 419/05 Acrolein Emissions
(kg/d)
On-site
DGR Only
Sources
5.4
5.4
0.0
5.4
0.0
5.4
0.0
5.4
0.0
5.4
0.0
5.4
0.0
5.4
0.0

Since concentrations are proportional to the emissions, the acrolein concentrations that would be used for an
assessment of air quality effects in accordance with O.Reg. 419/05 (i.e., excluding mobile and construction
sources) can be estimated by scaling on the basis of emissions. The following table presents the 1-hour
acrolein concentrations for evaluation of air quality effects in accordance with O.Reg. 419/05.
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Maximum 1‐Hour Acrolein Concentrations for O.Reg. 419/05 Air Assessment
(includes stationary sources only)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
1.19
1.55
1.16
1.24
0.64
1.35
Maximum Modelled
Construction Concentration
(µg/m³)
1.45
2.55
1.07
1.79
0.89
2.91
Maximum Modelled
Operations Concentration
(µg/m³)
1.18
1.55
1.14
1.22
0.64
1.33

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

—
—
—
—
—
—

1.19
1.55
1.16
1.24
0.64
1.35

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

—
—
—
—
—
—

1.45
2.55
1.07
1.79
0.89
2.91

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

—
—
—
—
—
—

1.18
1.55
1.14
1.22
0.64
1.33

Note: Receptor Locations are shown in Figure C2.3.1-1 of the EIS (Volume 2).

References:
Ontario Ministry of the Environment (MOE). 2005. Ontario Air Standards for Acrolein. Standards
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Development Branch.
Ontario Ministry of the Environment (MOE). 2007. Certificate of Approval Exemptions - Air. Ontario
Regulation 524/98.
Ontario Ministry of the Environment (MOE). 2009. Procedure for Preparing an Emission Summary and
Dispersion Modelling Report.

EIS-01-09a
(Supplementary
response as a
result of the
clarification
meeting with
CNSC on May
1, 2012)



EIS
Guidelines:
Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

OPG Supplementary Response:
(a) Acrolein Standards
In its initial response to EIS-01-09, OPG states that there were no relevant ambient air quality standards or
criteria for acrolein. However, OPG acknowledges that O. Reg. 419/05, as amended by O. Reg. 507/09, lists
the following applicable acrolein criteria:


Schedule 3, Standards with Variable Averaging Period:



4.5 µg/m³ one-hour standard; and



0.4 µg/m³ 24-hour standard.

The 24-hour acrolein criteria of 0.08 µg/m³ listed in Appendix C to the EIS has been superseded by the above
numbers, which represent the official O. Reg. 419/05 standards. Only the Schedule 3 numbers are presented
as these apply when using advanced dispersion models. These standards are intended to apply to emissions
from stationary sources only, and do not apply to emissions from mobile and construction sources (MOE
2007). Further, when comparing concentrations to the O. Reg. 419/05 standards, no consideration is given to
background concentrations.
In addition to the Schedule 3 standards, Ontario Ministry of the Environment (MOE) has also developed a
series of ambient air quality criteria (AAQC). The AAQC for acrolein are numerically the same as the O. Reg.
419/05 standards, and are listed below:


4.5 µg/m³ one-hour standard; and



0.4 µg/m³ 24-hour standard.

When comparing to the AAQC values, it is usual to consider the contribution from all of the sources at the site.
However, the MOE has not provided clear guidance on whether background should also be included when
determining whether Project contributions do, or do not, meet the AAQC. The AAQC are not currently used
for permitting purposes in Ontario, so the guidance is less clearly established.
The MOE (2005; 2009) states “Ambient air monitoring data from Environment Canada (National Air Pollution
Surveillance) for three urban locations in Ontario, from 1996 to 1998, showed that the mean concentration of
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acrolein in 1996 ranged from 0.14 to 0.25 µg/m³.” Across Canada, levels for urban sites ranged from 0.05 to
2.47 µg/m³ with a mean of 0.18 µg/m³ based on information collected between 1989 and 1996 (MOE 2009).
For the purpose of the heath assessment, the upper mean value for Ontario of 0.25 µg/m³ was used as the
background concentration.
(a) Results of DGR Project Acrolein Emissions in Respect of Standards
The results in the table below show that the 1-hour acrolein concentrations meet the MOE AAQC of 4.5 µg/m³
for the existing, construction and operation scenarios, even when the upper value of background is included.
If Ontario criteria are to be used for comparison to the modeled predictions, the relevant ambient air quality
criteria is the MOE AAQC values. The first table in OPG’s response to EIS-01-09 (replicated below), with the
heading “Maximum 1-hour Acrolein Concentrations for Health Assessment (includes stationary, construction
and mobile sources)” shows the predicted 1-hour concentrations of acrolein from all sources of emissions at
the Bruce nuclear site for the existing, construction and operations scenarios. The table also includes a
background concentration of 0.25 µg/m³, which conservatively represents the contribution from all sources
beyond the Bruce nuclear site. The background concentration of 0.25 µg/m³ is the upper background value
identified for urban areas in Ontario (MOE 2005; 2009). The expected background concentration would be
lower in the vicinity of the Bruce nuclear site given it is a rural setting. The results in the table show that the 1hour acrolein concentrations meet the MOE AAQC of 4.5 µg/m³ for the existing, construction and operation
scenarios, even when the upper value of background is included.
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Maximum 1‐Hour Acrolein Concentrations for Health Assessment
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
1.22
1.58
1.18
1.26
0.66
1.38
Maximum Modelled
Construction Concentration
(µg/m³)
1.63
2.86
1.20
2.00
1.00
3.26
Maximum Modelled
Operations Concentration
(µg/m³)
1.22
1.60
1.18
1.26
0.66
1.38

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.83
1.43
1.51
0.91
1.63

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.88
3.11
1.45
2.25
1.25
3.51

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.85
1.43
1.51
0.91
1.63

Notes: Background acrolein from MOE 2005
Receptor locations are shown in Figure C2.3.1-1 of the EIS (Volume 2).

The second table in OPG’s response to EIS-01-09, with the heading “Maximum 24-hour Acrolein
Concentrations for Health Assessment (includes stationary, construction and mobile sources)” shows the
predicted 24-hour concentrations of acrolein from all sources of emissions. However, the table did not
consider the decay of acrolein in the environment. While this is a reasonable approach for assessing
potential health effects, as was done in the EIS, decay of acrolein should be considered when predicting
concentrations for comparison to the AAQC values. According to MOE (2005; 2009) the estimated
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atmospheric half-life for acrolein ranges from 15 to 20 hours. The second table in OPG’s response to EIS-0109 also includes the upper bound background concentration of 0.25 µg/m³. While using the upper bound
background value is reasonable for the health assessment, an average background is more appropriate to
use when comparing to the AAQC values. The following table provides the predicted 24-hour concentrations
of acrolein from all sources of emissions at the Bruce nuclear site for the existing, construction and operations
scenarios including decay based on a 15-hour half life, and an average background value of 0.18 µg/m³ (MOE
2009). The table shows that the AAQC values are met at all health receptors, with the exception of AR6.
However, AR6 is located on the Bruce nuclear site where AAQC values do not apply.
Maximum 24‐Hour Acrolein Concentrations
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
0.08
0.10
0.09
0.11
0.06
0.13
Maximum Modelled
Construction Concentration
(µg/m³)
0.16
0.12
0.10
0.15
0.06
0.24
Maximum Modelled
Operations Concentration
(µg/m³)
0.09
0.10
0.10
0.11
0.06
0.16

36

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.26
0.28
0.27
0.29
0.24
0.31

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.34
0.30
0.28
0.33
0.24
0.42

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.27
0.28
0.28
0.29
0.24
0.34
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Notes: Background acrolein from MOE 2009
Receptor locations are shown in Figure C2.3.1-1 of the EIS (Volume 2)

If the predicted concentrations are to be compared to O. Reg. 419/05, then it needs to be completed in
accordance with the guidance set out by the MOE (MOE 2007). Specifically, only the emissions from
stationary sources should be included and no mobile source or construction source or construction emissions
should be included. In OPG’s initial response to EIS-01-09, predicted 1-hour acrolein concentrations for
stationary sources only are provided in the fourth table titled “Maximum 1-hour Acrolein Concentrations for O.
Reg. 419/05 Air Assessment (includes stationary sources only)”. This table shows that all of the predicted 1hour acrolein concentrations at the health receptor locations comply with the O. Reg. 419/05 standards for the
existing, construction and operation scenarios. This is to be expected as the predicted 1-hour acrolein
concentrations from all sources complied with the 1-hour AAQC, and the AAQC and O. Reg. 419/05
standards are numerically the same.
(b) Sources of Emissions Considered for the DGR Project
In the EIS, predicted acrolein concentrations used for the purpose of the health assessment included the
contribution from all sources at the Bruce nuclear site, including stationary, mobile and construction sources.
The contribution from sources not at the Bruce nuclear site was incorporated through the use of a
conservative, upper bound background value of 0.25 µg/m³.
In Ontario, predicted concentrations that include either mobile or construction sources of emissions should be
compared to the AAQC values and not to the O. Reg. 419/05 standards. A comparison of the predicted
acrolein concentrations to the Ontario AAQC values has been provided in (b). When comparing to
O. Reg. 419/05 standards, only stationary, non-mobile, non-construction sources should be considered as per
MOE guidance (MOE 2007).
(c) Rationale for Standards Considered
The EA considered all relevant ambient air quality criteria. Currently, the MOE has established 1-hour and
24-hour AAQC values, which are introduced and discussed in part (b) of this response. When comparing to
the AAQC values, the emissions from all sources would be considered, see part (b) above.
The O. Reg. 419/05 standards were not developed for assessing ambient air quality, or the combined effects
of industrial and background concentrations. According to the MOE (MOE 2007), the O. Reg. 419/05
standards are not intended for application to emissions from either mobile or construction sources. As stated
in the Atmospheric Environment TSD (p.31) “…O. Reg. 419/05 considers the emissions from selected
stationary sources only. The MOE exempts emission sources associated with construction activities from
evaluation (MOE 2007). Similarly, evaluations in accordance with O. Reg. 419/05 do not include
considerations of background concentrations.”
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See the response to (b) for further comparisons of predicted acrolein concentrations with the MOE AAQC
levels.
(d) Rationale for Background Concentration
The MOE (2005; 2009) states “Ambient air monitoring data from Environment Canada (National Air Pollution
Surveillance) for three urban locations in Ontario, from 1996 to 1998, showed that the mean concentration of
acrolein in 1996 ranged from 0.14 to 0.25 µg/m³.” However, the MOE (2009) suggests the average Canadian
background value is 0.18 µg/m³. Both the upper bound Ontario background of 0.25 µg/m³ and the average
Canadian value of 0.18 µg/m³ are less than the relevant O. Reg. 419/05 standards and Ontario AAQC.
Available literature did not provide any distinction between background 1-hour, 24-hour or annual acrolein
concentrations. The reason is that sampling for acrolein uses an integrated method, which cannot determine
short-term, 1-hour concentrations.
(e) Rationale for Modelling Inputs
As discussed in part (b), the MOE has established both ambient air quality criteria (AAQC) and standards (O.
Reg. 419/05) for acrolein. The 1-hour AAQC value and O. Reg. 419/05 standard are numerically the same,
and is 4.5 µg/m³. As shown in part (b) above, the predicted 1-hour acrolein concentrations from all sources at
the Bruce nuclear site, plus background, do meet the relevant AAQC value.
The table of emissions presented on page 29 of OPG’s initial response to EIS-01-09 provides a comparison of
the emissions of acrolein from all sources at the Bruce nuclear site and all DGR Project acrolein sources (the
second and third columns). In addition, the two right hand columns show the relative acrolein emissions from
all stationary sources at the Bruce nuclear site and the stationary sources for the DGR Project.
The dispersion modelling for acrolein presented in the health assessment section of the EIS included the
contribution from all acrolein sources at the Bruce nuclear site (second column). The only time that the
stationary source emissions only are used in modelling is if the results are to be compared directly to the O.
Reg. 419/05 standards In accordance with guidance from the MOE (2007), only the emissions from
stationary sources are to be considered when determining compliance with O. Reg. 419/05 standards.
References:
MOE 2007. Ontario Ministry of the Environment. Certificate of Approval Exemptions – Air. Ontario
Regulation 524/98.
MOE 2005. Ontario Air Standards for Acrolein. Standards Development Branch.

MOE 2009. Ontario Air Standards for Acrolein. Standards Development Branch.
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Information Request:
Provide the following air quality-related information / clarifications:
 a description of the quality assurance/quality control performed on the meteorological data to check on
accuracy, reliability, etc.;
 clarify whether any correction has been done due to temperature being taken by the on-site tower at a
10 metre height compared to that taken at a 2 metre height at the Wiarton and Paisley stations;
 clarify why the data from the 10 metre height on the on-site tower was used in the model when the 50
metre height data from the same tower are more reliable and what kind of changes in the predictions of
air quality effect would be noted due to this change; and
 a list of parameters taken from the on-site tower and the parameters taken from other sources (with
references) for use in modeling.
Context:
Modeling is an important method to allow for the assessment of environmental effects and confidence is
needed that the appropriate inputs have been used to accurately predict effects (e.g., to air quality).
Further information and rationalization are needed on various items with respect to the air quality modeling to
allow for the confirmation that appropriate and accurate data are used for the predictions of air quality effects.
OPG Response:
1. QA/QC Process for Meteorological Data
Given the importance of meteorological inputs to the dispersion modelling, considerable care and effort was
expended to ensure the quality and validity of the dispersion meteorology. The following four steps were
involved in the QA/QC process, each described in more detail below:





Selecting the appropriate data source;
Ensuring that there is a continuous set of meteorological data by substituting missing or questionable
data with appropriate readings from an alternative station;
Producing appropriate dispersion meteorology using the continuous data set and local land use
information; and
Processing graphical summaries of the dispersion meteorology to review and identify possible
anomalies.

1.1 Selecting Appropriate Data Source
As described in Section C2.3 of the Atmospheric Environment Technical Support Document (TSD), prior to
developing a dispersion meteorology data set, on-site meteorological observations from both the 10 and 50 m
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level at the 50 m on-site tower, and the 10 m tower adjacent to the site were compared to selected archived
weather maps to identify whether the data recorded at the Bruce nuclear site matched with regional weather
patterns. This was done by a Canadian Meteorological and Oceanographic Society (CMOS) certified
meteorologist.
Generally, archived weather patterns matched the on-site observations reasonably well, with data from the
50 m tower showing a better correlation than from the 10 m tower. Of the two levels of data available from the
50 m tower, both showed good agreement with archived weather maps and data, with one exception. Under
certain conditions, the data from the 10 m level on the 50 m tower showed the influence of local topographic
features and influences of lake-land interactions (e.g., lake breezes). These local phenomena will influence
emissions from low-level releases such as those present at the DGR. Therefore, data from the 10 m level of
the 50 m tower were considered to be most appropriate for generating the dispersion meteorology since they
include these localized phenomena.
Although the 10 m tower located adjacent to the site showed good agreement with archived weather maps,
there were inconsistencies in the data record covering the period 2005 to 2009 that suggested that this was
not a reliable source for dispersion meteorological data.
Some parameters were not available from the on-site station, specifically the following:








Cloud ceiling height;
Cloud cover;
Cloud opacity;
Barometric pressure;
Precipitation;
Humidity; and
Upper air soundings.

For the above parameters nearby high-quality Environment Canada or National Oceanic and Atmospheric
Administration (NOAA) stations with the necessary parameters were identified (MSC 2010, NOAA 2010). The
first six parameters were obtained from Wiarton Airport (approximately 60 km from the DGR Project site).
This station was the closest, is adjacent to a lake, and considered to have similar conditions for those
parameters. The closest upper air station was Gaylord, Michigan (approximately 260 km).
1.2 Ensuring Continuous Set of Meteorological Data


Look at the 10 m data and identify readings that were either missing or invalid. Readings were
flagged as being invalid or questionable when:
o Wind speeds <0 or >30 m/s;
o Wind direction <0 or >360°;
o Either a wind speed or wind direction missing; and
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o


Temperatures <-40°C or >40°C.

For all flagged values, the validity of the reading was confirmed, and if deemed invalid, an appropriate
replacement reading was identified using the following priority:
o When 10 m winds were not available, data from the 50 m level on the 50 m tower was used.
However, the corresponding hourly value was rarely available at the 50 m level (i.e., both the
10 and 50 m winds were missing).
o If the 50 m winds were not available, data from Wiarton Airport was used.
o When the on-site temperatures were not available, data from Wiarton Airport was used.

1.3 Producing Dispersion Meteorology
In order to use the meteorological data in the AERMOD dispersion model, processing using the AERMET
pre-processor is required. The AERMET pre-processor produces two meteorological data files. The first file
contains boundary layer scaling parameters (e.g., surface friction velocity, mixing height, and Monin-Obukhov
length) as well as wind speeds, wind directions, and temperature at a reference-height. The second file
contains one or more levels (a profile) of winds, temperature, and the standard deviation of the fluctuating
components of the wind. This was illustrated in Appendix C of the Atmospheric Environment TSD
(Figure C2.2-2, shown below).
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AERMET
(meteorological preprocessor)

Raw Surface Data
(Wiarton Airport)

Raw Upper Air Data
(Gaylord, Michigan)

On-site Data
(Bruce Power site)

Stage I and II
meteorological
preprocessing

Stage III
meteorological
preprocessing

Land Use Data
(Bruce Power site)

AERMAP
Surface File

(terrain
preprocessor)

Profile File

AERMOD
(dispersion model)

Figure C2.2-2: Flow Diagram for the AERMET Pre-Processor
(reproduced from Atmospheric Environment TSD)
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1.4 Processing Graphical Summaries and Identify Anomalies
The graphical summaries and discussion of possible anomalies in the dispersion meteorology were discussed
in detail in Appendix C of the Atmospheric Environment TSD. The analysis was complete and included
comparisons of the dispersion meteorological data developed for use in assessing the DGR Project to climate
normals data from both the stations in Wiarton and Paisley. The following conclusions were made:



Temperature: The temperatures for the dispersion meteorology fall within the range of the climate
normals for both Wiarton and Paisley.
Precipitation: The precipitation used in the dispersion modelling comes from hourly observations at
Wiarton. The five year dispersion meteorology falls within the range of the climate normals observed
at Wiarton. Observed normals at Paisley are also similar to those for Wiarton and the dispersion
meteorology.

Wind speed and direction: Monthly wind speeds and directions for the dispersion meteorology are compared
to the climate normals for both Wiarton and Paisley. This comparison shows a good agreement on a monthly
basis.
2. Temperature Data
No adjustments or modifications were made to the data set for correcting apparent anomalies. As noted
above, data from the 10 m level on the 50 m on-site tower did show an influence of lake-land winds and local
topography, both of which are real local phenomena affecting the dispersion from low elevation sources at the
Bruce nuclear site. Where data were missing, or identified to be invalid, readings were substituted as
described above and below.
No specific correction was considered necessary to adjust the on-site temperatures (collected at a height of
10 m at the 50 m on-site tower) to the World Meteorological Organization (WMO) reference height of 2 m (the
temperatures collected at Wiarton and Paisley were both collected at the WMO reference height). The
reasoning was the small difference in heights (8 m) and the expected change is temperature per unit of height
(i.e., the dry adiabatic lapse rate for air) of -9.8 K/km or -9.8 °C/km. Therefore, the average adjustment that
would apply to the on-site temperatures collected at 10 m using the difference from the reference height of
8 m and the dry adiabatic lapse is:
9.8

°

2

10

1
1000

0.078°

3. Use of 50 m Height Meteorological Data
As described in Section C2.3 of the Atmospheric Environment TSD, both the 10 m and 50 m readings from
the 50 m on-site tower were considered reliable. However, the data from the 10 m level on the 50 m tower
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showed the influence of local topographic features and influences of lake-land interactions (e.g., lake
breezes). Because these local phenomena will influence emissions from low-level releases such as those
present at the DGR, the data from the 10 m level of the 50 m tower were considered to be most appropriate
for generating the dispersion meteorology since they include these localized phenomena.
If the data from the higher 50 m level from the on-site 50 m tower was used, the most likely parameter
affected would have been the wind speed. As wind speeds generally increase with height, it is reasonable to
assume that the dispersion meteorology based on the 50 winds would have had higher average wind speeds.
This assumption is confirmed when the data are analyzed, as shown in the following figure, which compares
the raw 10 m and 50 m wind speeds collected from the on-site 50 m tower for the period from 2005 through
2009. Given that concentrations are proportional to emissions and inversely proportional to wind speeds, the
use of the higher wind speeds observed at the 50 m level (approximately twice the speed of winds observed
at the 10 m level) would have resulted in prediction of lower concentrations. In addition, the analysis of the
data by a Canadian Meteorological and Oceanographic Society (CMOS) certified meteorologist, as described
in Section C2.3 of the Atmospheric Environment TSD, found that the influence of local topography and lakeland interactions (e.g., lake breezes) were only evident in the 10 m data collected from the on-site 50 m tower.
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4. Meteorological Parameters and Data Sources
Section C2.2 of the Atmospheric Environment TSD describes the data sources used for each parameter in the
dispersion meteorology. These are listed below:




Wind speed and direction – 10 m readings from the on-site 50 m tower;
Temperature – 10 m readings from the on-site 50 m tower;
Cloud ceiling height – Wiarton airport;
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Cloud cover – Wiarton airport;
Cloud opacity – Wiarton airport;
Barometric pressure – Wiarton airport;
Precipitation – Wiarton airport;
Humidity – Wiarton airport; and
Upper air soundings – NOAA station in Gaylord Michigan.

For hours where data from the on-site tower were not available or identified as being invalid, an appropriate
replacement reading was identified using the following priority:




When 10 m winds were not available, data from the 50 m level on the 50 m tower was used.
However, the corresponding hourly value was rarely available at the 50 m level (i.e., both the 10 and
50 m winds were missing).
If the 50 m winds were not available, data from Wiarton Airport was used.
When the on-site temperatures were not available, data from Wiarton Airport was used.

Table C2.2-1 of the Atmospheric Environment TSD (reproduced below) listed the number of hours when data
were used from the primary and secondary data sources. The data sets for Wiarton and Gaylord were
complete, so substitution for missing data was not necessary.
Table C.2.2-1 Number of Hours of Data for Dispersion Modelling
Parameter

Wind Direction
Wind Speed
Surface Temperature

Period
On-site 50 m-Tower
(10 m height)
43,216
43,216
42,062

2005-2009
2005-2009
2005-2009

Hours of Data Used
On-site 50 m-Tower
(50 m height)
0
0
0

Wiarton Station
608
608
1,762

References:
Meteorological Services of Canada (MSC). 2010. Surface Observation Data for Wiarton Airport Covering the
Period from 2005 through 2009. Environment Canada National Climate Data and Information Archive.
March 2010.
National Oceanic and Atmospheric Administration (NOAA). 2010. Upper Air Sounding Observations from
Gaylord, Michigan Covering the Period from 2005 through 2009. Earth System Research Laboratory (ESRL)
Radiosonde Database. March 2010.
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emissions and predictions of air quality effects from the project.
Context:
Influence from shoreline fumigation on atmospheric dispersion is considered minimal as per CSA Standard
N288.1-08, Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne and Liquid
Effluents for Normal Operation of Nuclear Facilities. However, consideration of other characteristics that may
affect plume transport, specifically land/lake breeze wind circulation, are not discussed in the EIS. It is
unclear whether this phenomenon is of relevance to this project.
OPG Response:
The phenomena associated with lake-land interfaces, lake breezes and the formation of thermal internal
boundary layers (TIBLs) are discussed in Section C8.3 of the Atmospheric Environment Technical Support
Document (TSD). Lake breezes that form in daylight hours during the late spring and summer months
because the waters of Lake Huron do not warm as quickly as the surrounding land surfaces can have an
influence on the dispersion of emissions from both short and tall sources. In contrast, the TIBLs that can also
form at lake-land interfaces are primarily an issue for tall stacks. Because most coal fired power plants in
Ontario were situated on the shores of the Great Lakes, the issues regarding “shoreline fumigation”, “lake
breezes” and Thermal Internal Boundary Layers (TIBLs) in Ontario are well researched and documented in
literature (see Section C8.3 of the Atmospheric Environment TSD).
All of the sources at the DGR Project would be considered “short sources”, and could be influenced by lake
breezes. Therefore, the DGR Project does not have any “tall sources” that could be influenced by the
formation of TIBLs.
As described in Section C2.3 of the Atmospheric Environment TSD, a comparison of on-site meteorological
observations from both the 10 and 50 m level at the 50 m on-site tower, and the 10 m tower adjacent to the
site were compared to selected archived weather maps to identify whether the data recorded at the Bruce
nuclear site matched with regional weather patterns. Generally, archived weather patterns matched the
on-site observations reasonably well, with data from the 50 m tower showing a better correlation than from the
10 m tower. However, only the data from the 10 m level on the 50 m tower showed the influence of local
topographic features and influences of lake-land interactions (e.g., lake breezes). Because these local
phenomena will influence emissions from “short sources” present at the DGR Project, data from the 10 m
level of the 50 m tower were considered to be most appropriate for generating the dispersion meteorology.

EIS-01-12



EIS
Guidelines:
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Information Request:
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47

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section
Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

Information Request and Response
subsequent effects to the dispersion modeling and air quality predictions; or provide the rationale for the
derived air emission bounding scenario, outlined in the Atmospheric Environment TSD, which is used as
inputs for dispersion modeling.
Context:
The bounding case should reflect the most conservative parameters based on the available information. It is
not clear, based on the documentation provided, that this is the case for air emissions during the site
preparation and construction phase. This is important as it serves as the inputs to the air dispersion modeling
used in predicting effects to air quality.
Table F4.2-1 breaks down emission rates for various air quality parameters by stage within the Site
Preparation and Construction Phase. Table F4.2-2, which represents the bounding values used as inputs into
the dispersion modeling, did not use the most conservative emission estimates from Table F4.2-1. Rather, it
used the emission estimates from Stage 1 of the Site Preparation and Construction Phase reported in this
table, which did not always represent the most conservative emission estimate for a given parameter.
OPG Response:
The scenario used as the bounding case in the Atmospheric Environment Technical Support Document (TSD)
was selected so that a common source configuration could be used for all of the indicator compounds
modelled. During site preparation and construction, the magnitude, location and configuration of the
emissions sources change from one stage of the activity to the next. No single stage of the Site Preparation
and Construction Phase had the highest emissions for all of the individual indicator compounds. If a bounding
case were to use emissions from different stages of construction, the source configurations for each
compound modelled would need to be different. Therefore, a single stage was identified for the modelling that
had close to the highest emissions for all compounds so a common source configuration could be used for all
of the indicator compounds modelled. The stage of activity selected to assess the effects of the project on air
quality was Stage 1: Site Preparation, Construction of Surface Structures and Excavation of Shafts. During
this stage of construction all activity will be occurring at or near the surface. This stage of construction has
the highest particulate emissions and thus would result in the highest particulate concentrations (TSP, PM10
and PM2.5). A listing of the construction phase emissions for each of the stages of construction are presented
in Table 8.2.3-1 of the Atmospheric Environment TSD and reproduced below.
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Table 8.2.3-1: Daily Site Preparation and Construction Phase Emissions
Daily Emission Rate (kg/d) b
Stage 1:
Site
Preparation,
Construction
of Surface
Structures
and
Excavation of
Shafts

NOX
SO2

Stage 2:
Excavation of
Shafts

Stage 3:
Construction
of
Emplacement
Rooms

Stage 4:
Installation of
Underground
Infrastructure

Stage 5:
Installation of
Underground
Infrastructure
and Road
Network
Construction

243.5

157.7

250.7

271.4

297.5

0.5

0.3

0.5

0.5

0.6

CO

168.6

113.9

172.2

189.4

207.2

SPM

207.3

59.2

82.7

83.8

120.8

PM10

49.3

18.7

26.5

27.6

35.4

PM2.5

32.3

14.0

19.2

20.3

25.1

Indicator
Compound a

Notes:
a Emissions of NOX from the DGR Project include both the emissions of NO2 (an indicator compound) and NO. A
portion of the NO emissions will be converted to NO2 in the atmosphere; therefore, the combined emissions of
NO2 and NO, collectively referred to as NOX, are of concern.
b The numbers in the above table were calculated by summing the emissions associated with the individual
activities, as shown in Section 7, that occur concurrently during each phase.

The air quality predictions for the site preparation and construction phase are presented in Table 7.7.2-3 of
the Environmental Impact Statement (EIS) (reproduced below). The only indicators that exceed the relevant
criteria during the site preparation and construction phase are the 24-hour SPM, 24-hour PM10 and 24-hour
PM2.5 concentrations. Stage 1 of the site preparation and construction phase is the stage with the largest
amount of particulate emissions. Therefore, the predictions for particulate that were presented in the EIS are
conservative.
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Table 7.7.2-3: Site Preparation and Construction Phase Adverse Effects to Air Quality in
the Local Study Area

Indicator
Compound

Maximum
Existing
Concentration
(µg/m³) in Local
Study Area

Maximum Site
Preparation and
Construction
Phase
Concentration
(µg/m³) in Local
Study Area

Increase Over
Existing
Concentration
(µg/m³) in Local
Study Area

Likely Adverse
Effect?

1-hour NO2

110.4

321.7

+211.3

adverse effect

24-hour NO2

26.5

141.2

+114.7

adverse effect

Annual NO2

6.8

18.5

+11.7

adverse effect

1-hour SO2

318.9

318.9

0

no adverse effect

24-hour SO2

51.3

51.3

0

no adverse effect

Annual SO2

5.0

5.0

0

no adverse effect

1-hour CO

1,580.6

2,504.2

+923.6

adverse effect

8-hour CO

1,201.8

1,595.7

+393.9

adverse effect

24-hour SPM

71.0

276.9

+205.9

adverse effect

Annual SPM

25.1

30.7

+5.6

adverse effect

24-hour PM10

26.0

75.3

+49.3

adverse effect

24-hour PM2.5

15.4

45.7

+30.3

adverse effect

Estimated Potential Effect of Higher Emissions for NOx, SO2, and CO
The emissions of NOX, SO2 and CO for the other stages of construction are higher than during Stage 1.
Specifically, the emissions during Stage 5 are 22% higher for NOX, 18% higher for SO2, and 23% higher for
CO. The potential effect of the slightly higher emissions on the predictions can be estimated by scaling up the
increase over existing concentrations in the above table, and adding the result to the existing predictions, as
shown below.


The increase over existing for 1-hour NO2 would go from 211.3 to 258.2 µg/m³, with the resulting site
preparation and construction phase concentration being 368.6 µg/m³. This concentration remains
below the 1-hour NO2 criteria of 400 µg/m³.



The increase over existing for 1-hour SO2 would remain zero, with the resulting site preparation and
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construction phase concentration remains unchanged from the existing conditions at 318.9 µg/m³.


The increase over existing for 1-hour CO would go from 923.6 to 1,135.3 µg/m³, with the resulting site
preparation and construction phase concentration being 2,715.9 µg/m³. This concentration remains
below the 1-hour CO criteria of 35,000 µg/m³.

Therefore, adjusting the stage of construction by indicator compound would have resulted in minor changes to
the resulting predictions but would not have altered the conclusions of the air quality assessment.
EIS-01-13



EIS
Guidelines:
Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

Information Request:
Provide the basis for the predictions that air quality standards will be exceeded 1% of the time for NO2 and
5.5% of the time for particulate matter.
Context:
Table 7.4.2-1 shows NO2 and particulate matter exceeding standards during the site preparation and
construction phase; however, it is reported that the exceedance would not be continuous. This is presented as
1% of the time for NO2 and 5.5% of the time for particulate matter on page 7-59 of the EIS. The basis for
these estimates is not provided, and therefore, the exceedance predictions cannot be verified.
OPG Response:
Section 7.4.2 of the EIS presents the findings of the terrestrial effects assessment for the DGR Project. The
air quality assessment for the DGR Project is presented in Section 7.7. Specifically, the predicted air
concentrations from the site preparation and construction phase are presented in Table 7.7.2-3 of the EIS
(reproduced below).
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Table 7.7.2-3: Site Preparation and Construction Phase Adverse Effects to Air Quality in
the Local Study Area

Indicator
Compound

Maximum
Existing
Concentration
(µg/m³) in Local
Study Area

Maximum Site
Preparation and
Construction
Phase
Concentration
(µg/m³) in Local
Study Area

Increase Over
Existing
Concentration
(µg/m³) in Local
Study Area

Likely Adverse
Effect?

1-hour NO2

110.4

321.7

+211.3

adverse effect

24-hour NO2

26.5

141.2

+114.7

adverse effect

Annual NO2

6.8

18.5

+11.7

adverse effect

1-hour SO2

318.9

318.9

0

no adverse effect

24-hour SO2

51.3

51.3

0

no adverse effect

Annual SO2

5.0

5.0

0

no adverse effect

1-hour CO

1,580.6

2,504.2

+923.6

adverse effect

8-hour CO

1,201.8

1,595.7

+393.9

adverse effect

24-hour SPM

71.0

276.9

+205.9

adverse effect

Annual SPM

25.1

30.7

+5.6

adverse effect

24-hour PM10

26.0

75.3

+49.3

adverse effect

24-hour PM2.5

15.4

45.7

+30.3

adverse effect

The table shows that the DGR Project will result in increases for most of the indicator compounds, however,
only the 24-hour SPM, 24-hour PM10 and 24-hour PM2.5 concentrations were predicted to exceed the criteria.
The frequency with which the SPM, PM10 and PM2.5 criteria were exceeded is described on page 7-110 of the
EIS as being less than 0.5% of the time (9 days where 24-hour concentrations were predicted to exceed the
criteria out of the five years of daily predictions).
The predicted concentrations used in the air quality assessment for the operations phase were presented in
Table 7.7.2-5 of the EIS, reproduced below. None of the predicted concentrations exceed the relevant
criteria.
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Table 7.7.2-5: Operations Phase Adverse Effects to Air Quality in the Local Study Area

Indicator
Compound

Maximum
Existing
Concentrations
(µg/m³) in Local
Study Area

Maximum
Operations
Phase
Concentrations
(µg/m³) in Local
Study Area

Increase Over
Existing
Concentrations
(µg/m³) in Local
Study Area

Likely Adverse
Effect?

1-hour NO2

110.4

151.6

+41.2

adverse effect

24-hour NO2

26.5

67.8

+41.3

adverse effect

Annual NO2

6.8

7.6

+0.8

adverse effect

1-hour SO2

318.9

318.9

0

no adverse effect

24-hour SO2

51.3

51.3

0

no adverse effect

Annual SO2

5.0

5.0

0

no adverse effect

1-hour CO

1,580.6

1,597.8

+17.2

adverse effect

8-hour CO

1,201.8

1,202.3

+0.5

adverse effect

24-hour SPM

71.0

71.5

+0.5

adverse effect

Annual SPM

25.1

25.1

0

no adverse effect

24-hour PM10

26.0

26.9

+0.9

adverse effect

24-hour PM2.5

15.4

15.9

+0.5

adverse effect

Table 7.4.2-1 (reproduced below) referred to in the rationale of the Information Request does not present air
quality predictions that were used in assessing the effects of the DGR Project on air quality; rather, the table
presents predicted air concentrations at selected ecological receptor locations within the Bruce nuclear site
(including predictions in the Project Area). The text on page 7-59 of the EIS indicates that the 1-hour NO2
predictions during the site preparation and construction phase at ecological receptors within the Bruce nuclear
site would exceed the effects threshold for vegetation of 400 µg/m³ less than 1% of the time. The frequency
of exceedance was calculated by counting the number of hours where concentrations at the ecological
receptors were predicted to exceed 400 µg/m³ (<438 hours) by the number of hours modelled (43,824 hours).
In a similar manner, the 24-hour SPM concentrations were predicted to exceed the ecological threshold of
120 µg/m³ less than 5.5% of the time. The frequency of exceedance was calculated by counting the number
of days where concentrations at the ecological receptors were predicted to exceed 120 µg/m³ (<100 days) by
the number of days modelled (1,826 days).
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Table 7.4.2-1: Maximum Predicted Concentration at Ecological Receptors During the Site
Preparation and Construction Phase

Indicator

Maximum
Existing
Concentrations
(µg/m3)

1-hour NO2
24-hour NOs
Annual NOs
24-hour SOs
Annual SO2
24-hour SPM
Annual SPM

81.6
22.9
7.1
40.5
5.7
63.3
25.0

Maximum Site
Preparation
and
Construction
Phase and
Concentrations
3
(µg/m )
499.5
154.1
32.6
40.6
5.8
182.5d
46.5

Maximum
Operations
Phase
Concentrations
(µg/m3)

Criteria
(µg/m3)

184.0
96.8
11.1
40.5
5.8
63.5
25.1

400a
200a
100a
150a
30a
120a,b,c
70a

Notes:
a National Ambient Air Quality Objectives
b O.Reg. 419 Schedule 3
c Exceeds the criteria less than 1% of the time
d Exceeds the SPM criteria less than 5.5% of the time
Source: Appendix J, Table J1.1.1-1 of the Atmospheric Environment TSD

Concentrations predicted to exceed criteria used for evaluating effects on ecological receptors should not be
construed as representing exceedances of air quality criteria in the receiving environment as the ecological
receptors are located within the Bruce nuclear site, including the Project Area. Predictions for use and
comparison to environmental criteria for air quality to determine compliance and air quality effects were
presented in Section 7.7, as detailed above.
EIS-01-14



EIS
Guidelines:
Section 10,
Existing
Environment

Information Request:
Provide summarized quantitative fish and fish community data in the site study area especially in Stream C,
south and north railway ditch, from 2007 fish survey and any other historical fish studies.
Context:
In order to properly assess effects, sufficient information on the baseline environment is needed. Section 10 of
the EIS Guidelines requires the proponent to summarize all pertinent historical information on the size and
geographic extent of animal populations as well as density. This information is lacking for fish species and
communities from the documentation submitted to date.
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OPG Response:
The North Railway Ditch is dry much of the year and does not support a fish population; thus it was not
surveyed for fish species or communities.
The South Railway Ditch has some standing pools that are wet and supports a warm water fish population.
The Aquatic Environment Technical Support Document (Golder 2011) Tables C-1 through C-3 provide
quantitative results of the fish surveys conducted in 2007 in MacPherson Bay and the South Railway Ditch.
Section 5.3.2.4 of the Aquatic Environment Technical Support Document (Golder 2011) summarizes the
results of fish surveys completed in 2007 in Stream C (specifically in the pools located immediately
downstream of the railway line [Reach B] and upstream of the Bruce A access road [Reach C]). The table
below provides a summary of the results of this survey.
Total Catch (Number by species) by Electrofishing Event at Pools in Reaches B and C (Stream C),
2007 (Golder 2007)
Lower Pool; Bruce A Access
Upper Pool
Species
Road
(N=45)
(N=70)
Common white sucker
7
2
Spottail shiner
2
0
Pumpkinseed
2
0
Brook trout
0
6
Northern red belly dace
1
7
Rainbow darter
0
10
Creek chub
12
4
Central stoneroller
4
0
Central mudminnow
2
13
Brook stickleback
3
6
Brassy minnow
2
0
Bluntnose minnow
8
7
Blacknose dace
0
10
Banded killifish
2
5
In addition to the fish community sampling in 2007 in Stream C, there were electofishing surveys in 1981 and
1987-1989. Wismer (1999) reports that 27 species of fish were captured in Stream C during the electrofishing
surveys of these years. The results from all fish surveys between 1961 and 1993 are grouped in the table in
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Appendix C (Wismer 1999) and the 27 species captured in Stream C are not differentiated.
During the fall of 2000, fish species observations in all reaches of Stream C within the Bruce nuclear site
perimeter fence were made and the following species were recorded through casual observations: rainbow
trout parr (Oncorhychus mykiss), white sucker (Catostomus commersoni), hog sucker (Hypentelium
nigricans), blacknose dace (Rhinichthys atratulus) and creek chub (Semotilus atromaculatus) (LGL 2002).
References:
Golder Associates Ltd. 2007. Bruce New Nuclear Power Plant Project Environmental Assessment, Aquatic
Environment Technical Support Document. Table 4.2.2.3.4.
Golder Associates Ltd. 2011. Aquatic Environment Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada.
LGL. 2002. Bruce Nuclear Power Development Bioinventory Study.
Wismer, D.A. 1999. Bruce Nuclear Site Biodiversity and Natural Areas Management Plan. Ontario Power
Generation document B-PLAN-07811-00001-R00. Toronto, Canada.

EIS-01-14a
(Supplementary
response
submitted on
July 10, 2012 as
a result of the
clarification
meeting with
CNSC on May
1, 2012)





EIS
Guidelines:
Section 10,
Existing
Environment

OPG Supplementary Response:
In response to the request for additional information, from reports referenced in the EIS and Aquatic and
Terrestrial Technical Support Documents, information on historical fish surveys and habitat is provided.
(a)

Fish Survey Data

South Railway Ditch
As shown in the table below, the South Railway Ditch supports a warmwater baitfish community dominated by
cyprinids. Aquatic habitat surveys were carried out by Ontario Hydro in summer 1996 and 1997, which noted
that minnows were present in areas where open water was available (ONTARIO HYDRO 1997). As part of
an EA follow-up program at the WWMF, the presence of four fish species in the South Railway Ditch was
noted (KINECTRICS 2005). Electroshocking was conducted in July 2007 along the section of the ditch
adjacent to the DGR Project Area to its confluence with Stream C. Fish were identified to species and
enumerated (GOLDER 2011).
Fish Species Observed in South Railway Ditch
Sampling Year

Species

Summer/Fall 2004a
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Summer 2007b
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Brassy minnow

3

Brook stickleback

51

Central mudminnow

X

51

Creek chub

X

40

Fathead minnow

7

Five-spined stickleback

X

Northern redbelly dace

X

44

Notes:
a
“X” denotes species recorded as present; no numerical data provided (Kinectrics 2005)
b
Number of individual fish collected (Source: GOLDER 2011)
Stream C
Stream C is designated as coldwater fish habitat that is utilized by a range of fish species during various life
history phases. The table presents historical information on the fish community recorded in the lower reaches
of Stream C, downstream of where Stream C enters the Bruce nuclear site at Tie Road, throughout the reach
within the Bruce nuclear site, and the lowest reaches beyond the Bruce nuclear site to the outlet into Baie du
Doré. Where numerical data exists, it is presented however, in some cases the readily available literature
notes only that species were observed as being present. With the exception of data collected in 2000, the
records are from fish collection surveys using electroshocking. The records from 2000 are based on
incidental visual observations.
The data reported in the various studies demonstrate the high natural variability in forage fish abundance from
season to season, and year to year. Also, the data are based on surveys of variable effort (sampling time),
and commenting on fish species abundance trends over time is not appropriate. Coldwater species (e.g.,
salmonids) that are known to be sensitive to contaminants have utilized Stream C over the sampling time
frame, providing evidence that water quality and habitat availability continue to support these species.

Fish Species Observed Utilizing Lower Reaches of Stream C – All Observations Combined
Species
Sampling Year
1981a
Banded killifish
Blacknose dace
57

Summer
1988b

Fall 1989b

Fall 2000c

Summer 2007d

2

X

7
10
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Blacknose shiner
X
Bluntnose minnow
24
327e
Brassy minnow
X
Brook stickleback
X
12
92
Brook trout
6
Brown bullhead
1e
Brown trout
1
Carp
4e
Central mudminnow
1
45
Central stoneroller
Common shiner
X
Creek chub
X
319
167
Emerald shiner
470e
Fathead minnow
X
3
Finescale dace
6
Hog sucker
Johnny darter
25e
Largemouth bass
2e
Longnose sucker
X
Mottled sculpin
X
4
Northern redbelly dace
X
28
52
Pearl dace
29
Pumpkinseed
Rainbow darter
86
17
Rainbow trout
41
9
Slimy sculpin
1
Smallmouth bass
2e
Spotfin shiner
24e
Spottail shiner
White sucker
X
20
66
Notes:
X – denotes species recorded as present (no numerical data provided)
Numbers represent individual fish counted during collection effort
a
Source: ONTARIO HYDRO 1997
b
Source: Checko and Balesic 1993
c
Source: LGL 2002
d
Source: BRUCE POWER 2008b
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15
4
X

16

X

8
2
10
X

X

2
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e

species not recorded in reaches of Stream C that traverse the Bruce nuclear site; recorded in reaches
closest to outlet into Baie du Doré

Nearshore Lake Huron, Including MacPherson Bay and Baie du Doré
Within Lake Huron, near the Bruce nuclear site, the nearshore habitat consists mainly of rocky areas that are
exposed to wind and wave action along the shoreline. MacPherson Bay, located on the Douglas Point
headland, south of the Bruce A Generating Station, is an example of this shallow (0 to 3 m depth), dynamic
zone that provides restricted fish habitat functions (e.g., very limited foraging, spawning, or nursery
opportunities). Baie du Doré, located north of the Bruce A Generating Station, is a sheltered, shallow bay that
provides a more constant environment for fish as it is protected from wave action and alongshore currents.
The deposition of fine sediments and a more stable temperature regime provides increased productivity, and
supports spawning and nursery habitat for a variety of fish species that prefer warmer, shallow waters.
Fish community studies using a variety of gear (e.g., gillnets, trapnets, tows, SCUBA) have been carried out in
the nearshore waters around the Douglas Point headland since the early 1960s. The table provides a
summary of the historical fish community based on readily available literature. Where data specific to the
inshore areas of MacPherson Bay or Baie du Doré are available, they are indicated. In other cases, data is
combined for survey locations located in zone ranging from 0 m depth to approximately 3 m depth, which may
or may not include MacPherson Bay or Baie du Doré. The data do not show any obvious trends in fish
community structure, with the following two exceptions1:




Recent surveys (2007) indicate that the invasive round goby has successfully colonized inshore
waters, and now comprises a dominant species in the fish community. The overall ecological effect of
large numbers of round goby is not known; however, this species feeds aggressively on eggs and fry
of other benthic-oriented species, has notable dietary preference overlap with native fishes, and will
compete directly with other species for spawning habitat (GOLDER 2008).
According to Balesic and Dunstall (1993), the 1979 to 1989 study period recorded a declining trend in
the abundance of white sucker in the vicinity of the Bruce nuclear site that was not recorded in other
parts of Lake Huron. Overall, the data in Table 3 show that white sucker continue to be recorded in
the nearshore waters in fish surveys carried out more recently.
Fish Species Observed in Inshore Waters (0 to 3 m depth) in the Vicinity of the Bruce Nuclear
Site - All Surveys Combined
Species
Sampling Year

1

The effect of increased angling pressure on smallmouth bass in the vicinity of the Bruce nuclear site is well documented (e.g., Wismer 1999;
OPG 1999). It is not noted here in relation to data trends since the cause of the effect is understood and managed to maintain a viable local
smallmouth bass population.
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1961-1993
Inshore (0 - 3 m depth; may
include MacPherson Bay
and/or Baie du Doré)a

Summer and Fall 2007
MacPherson
Bayb

Abundancec
Alewife

Baie du Doréb

Count
1

American eel

Rarely occurring

Banded killifish

2

210

2

187

4

7

Common shiner

0

10

Emerald shiner

46

46

Bigmouth buffalo

Rarely occurring

Black bullhead

Rarely occurring

Black crappie

Rarely occurring

Bluegill

Uncommon

Bluntnose minnow
Bowfin

Uncommon

Brown bullhead

Abundant

Channel catfish

Very common

Common carp

Abundant

Fathead minnow

2

Freshwater drum

Abundant

Gizzard shad

3
1

Golden redhorse sucker

10

Uncommon

Johnny darter

11

Lake chub

41

Lake sturgeon

Rarely occurring

Lake trout

1
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largemouth bass

Uncommon

Longnose dace

5

Longnose gar

Uncommon

3

Longnose sucker

Abundant

4

Northern hogsucker

Rarely occurring

Northern pike

Abundant

Pumpkinseed

Common

2

Rainbow darter

1

Rainbow smelt

2

Rock bass

Abundant

1

2

2

49

Round goby

314

243

Round whitefish

1

Sand shiner

10

Sauger

Rarely occurring

Sea lamprey

Rarely occurring

Shorthead redhorse

Very common

Smallmouth bass

Abundant

8

3
1

9

Spotfin shiner

8

82

Spottail shiner

369

2054

Stonecat

Uncommon

4

Walleye

Abundant

1

White bass

Very common

1

1

White crappie

Rarely occurring

White perch

Uncommon

5

1

White sucker

Abundant

12

71

Yellow bullhead

Rarely occurring
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Yellow perch

Abundant

5

25

Young-of-Year shiner
87
81
Notes:
a
Source: OPG 1999
b
Source: BRUCE POWER 2008b
c
Abundance indicates the probability of capturing fish of this species across all sample gears
combined. Abundance categories are as follows: abundant (≥40%), very common (30-39%),
common (20-29%), uncommon (8-19%), rarely occurring (<4%).
(b) Aquatic Habitat
South Railway Ditch
The South Railway Ditch is a man-made drainage ditch which extends approximately 1750 m from
Interconnecting Road to Stream C. Figure D-2 shows a fish migration barrier within the South Railway Ditch
prior to its confluence with Stream C.
Monitoring conducted in the South Railway Ditch in 2004 (KINECTRICS 2005), provides the following
observations:




The railway ditch in the Western Waste Management Facility supports a high diversity of faunal
species and dense aquatic riparian vegetation. Submerged vegetation, such as coontail, broad-leaved
arrowhead, variable leaved pondweed and algae characterize many spots along the ditch area.
The common minnow, redbelly dace, the creek chub, five-spined stickleback and the central
mudminnow were observed in open water ponds along the ditch. The Green Frog and Leopard Frog
were observed throughout the sampling periods in relatively high numbers.
A vernal pond study revealed a number of habitats throughout the site that are conducive to the
survival of leopard frogs, green frogs, spring peepers and chorus frogs. A total of 38 green frogs, 64
leopard frogs and leopard frog egg masses containing up to 1000 eggs were observed. Spring
peepers and chorus frogs were audibly detected.

OPG 2005a describes the South Railway Ditch as “…populated by a variety of typical emergent and
submergent vegetation. Common cattail (Typha latifolia) dominates large sections of the Railway Ditch
adjacent to the North Storage Area, and its density often restricts a view of the wetted portion. The following
table describes the plant species that were identified within the ditch or immediately adjacent to the wetted
edge.
Vegetation Recorded at Railway Ditch
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Species

Common Name

Equisetum spp.
Juniperus communis
b

Species

Common Name
a

Horsetail species

Potamogeton sp.

Pondweed species

Common Juniper

Potentilla fruticosa
a

Shrubby Cinqefoil

Platanthera aquilonis

Nothern Green
Orchis

Sagittaria cuneata

Platanthera hookeri

Hooker’s Orchis

Sagittaria latifoliaa

Broad-leaved
Arrowhead

Pontederia cordata

Pickerelweed

Typha latifolia

Common cattail

Notes:

a
b

Floating
Arrowhead

Not considered to be riparian vegetation but included for completeness
Platanthera aquilonis is referred to as Platanthera hyperboea by most North
American literature, although this nomenclature is appropriate only for the
species that occurs in Iceland and Greenland

A ponded area exists at the northwest end of the Railway Ditch where a bridge allows access to the North
Storage Area. This ponded area is approximately 3 m by 20 m, with an average water depth of approximately
60 cm. This ponded area represented the greatest biodiversity, both floristically and faunally, for the length of
the Railway Ditch that was surveyed adjacent to the North Storage Area.
Larval fish were noted in the ponded area but were not identified at the species level. Their presence is not
surprising as the drainage ditch has been designated as fish habitat by the Saugeen Valley Conservation
Authority. Fish community investigations conducted by Marshall Macklin Monaghan (MMM) in June 2000
indicated that the drainage ditch supports a warmwater fish community consisting of bluntnose minnow ,
fathead minnow, northern redbelly dace, central mudminnow, brassy minnow and brook stickleback (OPG
2005a).
Section 5.3.1 of the Aquatic Environment Technical Support Document, provides information on the habitat,
water temperatures and depths of the South Railway Ditch.
On July 9, 2007, a habitat reconnaissance and fish collection in the South Railway Ditch was completed in
support of this EA. The DGR Project field survey results provided in Appendices C and D are consistent with
past aquatic habitat investigations. From these various site investigations, the following characterization of the
South Railway Ditch was formulated.
The South Railway Ditch is straight with a channel width of approximately 5 m at the top of the bank
throughout the reaches within the Project Area. During the habitat reconnaissance and fish collection
conducted in 2007, flow was stagnant in the ditch. Historical investigations of the ditch documented a wetted
channel width of 3 m and a mean water depth of 0.15 m (OPG 2005). The channel is choked with thick stands
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of cattail in some places, which serves to reduce water velocity, thus minimizing erosion and increasing the
rate of settling for sediments that may enter the ditch system.
There were also open channel sections that appear to have been subjected to cleanout/dredging in the past.
Fish were caught in 2007 in these open channel sections in water depths of 0.2 to 0.25 m. The banks are
stabilized with a mix of grasses and other herbaceous species, shrub species and trees.
Aquatic invertebrate life in the South Railway Ditch includes leeches (Macrodbella decora and Placobdella
ornata) and snails (Helisoma spp., Lymnaea spp., and Physidae physa) (Bruce Power 2001).
Aquatic crayfish are also common (OPG 2005a; BRUCE POWER 2001). These aquatic crayfish are species
different than the burrowing crayfish species. The dominant aquatic macrophyte in the South Railway Ditch is
cattail (Typha spp.). In areas of the ditch that appeared to have been recently dredged, five other macrophyte
species occur: muskgrass (Chara sp.), variable leaf pondweed, sago pondweed (Stuckenia pectinata),
floating leaf pondweed (Potamogeton natans) and water plantain (Alisma plantago-aquatica). All the aquatic
macrophyte species observed are common and widespread throughout southern Ontario.
The South Railway Ditch supports a warmwater baitfish community. The water temperatures recorded during
the 2007 and 2009 surveys and reported in the Hydrology and Surface Water Quality TSD ( and reproduced
below) confirmed the warmwater habitat status. The temperatures ranged from 10°C in October to 21°C in
June. Six fish species were identified in the South Railway Ditch during the 2007 field studies, including
brassy minnow (Hybognathus hankinsoni), brook stickleback (Culaea inconstans), central mudminnow
(Umbra limi), creek chub, fathead minnow (Pimephales promelas), and redbelly dace. These fish represent a
mix of species that are typical of warmwater creeks and wetland conditions, and are tolerant of a wide range
of environmental conditions. These species are common and wide-spread throughout central and southern
Ontario.
The terrestrial burrowing crayfish species Orconectes immunis and Fallicambarus fodiens are found in and
adjacent to the South Railway Ditch, as well as other suitable habitats, as evidenced by the observations of
crayfish chimneys in the Project Area during 2006, 2007 and 2009 field investigations (Figure 5.3.1-1 in the
Aquatic Environment TSD). The burrows of these species of crayfish are typically found in wetlands (marshes
and swamps), roadside ditches and creek banks in moist clay soils. The burrows are excavated to the
groundwater table.
The presence of burrowing crayfish in the Project Area was first recorded in 2006 during studies for the
WWMF [OPG 2006; OPG 2006a). During the 2006 work, burrowing crayfish were documented within the Site,
Local and Regional Study Areas (Bruce nuclear site, Baie du Doré and MacGregor Point Provincial Park)
[OPG 2006a]. During the 2007 aquatic field program (and re-confirmed during the 2009 field work), chimneys
of burrowing crayfish were documented within the Project Area.
The locations of all the burrows, based on combined studies within the Project Area, are shown on Figure
5.3.1-1. Crayfish chimneys were observed in all drainage ditches in the Project Area including the North and
64

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
South Railway Ditches and the abandoned railway spur.
Stream C
Stream C, described in Section 5.3.2 of the Aquatic Environment Technical Support Document, is a former
tributary of the Little Sauble River that was diverted to Baie du Doré during the initial development of the
Bruce nuclear site in the 1960s. Stream C presently flows in a constructed channel across the northeast
corner of the Bruce nuclear site. Approximately 1.5 km of Stream C is located on the Bruce nuclear site. The
lower 800 m of the stream flows outside of the property boundary and empties into Baie du Doré (Bruce
Power 2008).
A habitat survey of Stream C was completed in August 2009. The reaches covered by the habitat
assessment are shown in Figure 5.1.2-1 of the Aquatic Environment Technical Support Document. Section
5.3.2 describes the results of the field studies.
The stream enters the property through a single culvert and this upper reach flows as a shallow, braided
channel through low lying areas dominated by cedar and cattails. It is believed the culvert located on the
railway alignment represents an impassable barrier to upstream fish migration (BRUCE POWER 2008).
The reach upstream of the abandoned rail bed consists of a shallow, braided channel through low-lying areas
dominated by cedar and cattails. The main channel that enters the approximately 1.2 m wide culvert under
the abandoned rail bed is shallow (11 to 20 cm deep) and averages 2 m wetted width at the time of the
survey. The channel has approximately 20% shading by herbaceous wetland vegetation in this reach.
Substrates are a mix of cobble, gravel, silt and sand. Watercress was observed in-stream at the culvert,
which may indicate groundwater seeps.
Downstream of the abandoned rail bed, there is an approximately 15 m long, 1.5 m deep outlet pool. The
main channel downstream of the outlet pool ranges from 3 to 4 m wide (wetted) and consists mostly of flats
with some pools and riffles. The majority of this section of Stream C consists of a straight, constructed
channel that flows along the transmission right-of-way and the North Access Road. This channel is uniform
with banks approximately 50 cm high. The watercress is abundant. The substrates are a mixture of boulders,
cobble, gravel, silt and clay. The slower flowing areas at the margins of the channel support the growth of
arrowhead, water arum, and pondweed. The riparian zone in this section consists of eastern white cedar,
balsam poplar, tamarack and various common herbaceous old field species.
Steam C flows through an approximately 2.5 m wide culvert under the North Access Road, where is exits the
Bruce nuclear site. Downstream of where the stream flows out of the Bruce nuclear site, the channel is
straight, up to 5 m wide and slow flowing. The upper portion of this section is characterized as turbid,
approximately 1.0 m deep and slow flowing. The lower portion of the stream is shallow and bordered by open
wetland. Substrates are relatively consistent with those on the upstream reaches described in the previous
paragraph. At high water elevations, flows and water depth within this lower portion of the stream are likely
influenced by the backwater effect from Baie du Doré/Lake Huron.
65

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Studies (BRUCE POWER 2008) have documented the presence of cyprinid, centrarchid, salmonid and
catostomid species in the lower sections of Stream C. Fish sampling carried out in August 2007 in support of
Hydro One’s Bruce to Milton Transmission Reinforcement Project (Hydro One 2008) documented similar
species with one notable exception: round goby, an invasive exotic species, was recorded for the first time in
the lower reaches of Stream C.
Historical habitat studies of the lower reaches of Stream C were carried out in 1988 and 1989. These studies
were confined to the reaches of Stream C downstream of the abandoned rail bed culvert. The stream was
divided into seven segments of approximately 300 m, named A through G, starting from the outlet at Baie du
Doré moving upstream to the culvert at the abandoned rail bed. Figure 1 (inserted below for convenience) in
Checko and Balesic (1993) provides the locations of each segment evaluated.
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Generally, the stream was found to be a slow flowing channel, with riffle habitat in some reaches. One large
distinct pool was noted in segment B, and the pool immediately downstream of the abandoned rail bed was
also described (segment G). The stream bed constituted a hard clay bottom with dominating boulder/cobble
overburden. Macrophytes were plentiful, consisting primarily of submergents with an emergent component.
The stream banks were characterized by overhang vegetation cover dominated by grasses. The stream
width generally was found to be between 2.5 and 3.5 m, with the pool areas extending out to 6.5 m. Depth
was variable due to the presence of boulders and cobble. It was noted that there was year-to year-variability
as the physical habitat was influenced by beaver dams. The following table summarizes the physical habitat
characteristics recorded during these historical studies (Checko and Balesic 1993).
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Characteristic

A

Basic Habitat (% by segment)
Riffle
60
Slow Channel
40
Pool
0
Vegetation (% cover by segment)
Overhang Cover
0
Emergent Macrophytes
0
Submergent Macrophytes
35
Substrate (% by segment)
Boulder/Cobble
75
Sand/Gravel
0
Clay/Silt
25
Dimension
Maximum Width (m)
3.1
Maximum Depth (cm)
8.7

Stream C Segment
D
E

B

C

F

G

5
75
20

10
90
0

65
35
0

40
60
0

0
100
0

10
60
30

20
10
70

50
25
20

90
0
5

25
0
10

0
0
0

25
0
40

50
10
40

30
0
70

90
0
10

70
20
10

0
10
90

20
10
70

5.0
70

2.5
30

3.0
15

2.5
21

3.2
35

6.5
81

MacPherson Bay and Baie du Doré
The Aquatic Environment Technical Support Document includes a habitat assessment of MacPherson Bay
(Figure D-1), general aquatic habitat features in the site study area (Figure D-2), and areas of dense aquatic
vegetation (Figure D-3). Bathymetry data are also provided on each of these figures.
Water Temperatures
Temperature data has been collected historically for various locations in Lake Huron in the vicinity of the
Bruce nuclear site. This information is summarized in the following table. Historic temperature data for Baie
du Doré are provided in a separate table.
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Month

Concession 12, Bruce
Townshipa,c

1974b,c

1977b,c

a,c

Kincardine WSPa,

Port Elgin WSPa

Southampton WSPa

Off Bruce B

Nearshore Lake Huron Temperature Data

McRae Pointa,c

IR#

January
February
March
April

-

-

-

-

-

0.4
0.3
0.9
4.0

0.3
0.2
0.7
4.3

0.5
0.4
0.7
4.4

May

8.0

10.2

8

9

7.2

-

-

-

June
July
August
September
October
November
December

12.0
17.4
18.5
17.1
12.5
-

13.8
18.3
19.9
18.4
13.4
-

16
18
19
20
14
-

11
19
19
17.5
12
-

11.8
16.5
18.8
17.2
12.3
8.2
-

1.9

2.3

2.3

Notes and Sources: - Not available
a
BRUCE POWER 2008a
b
ONTARIO HYDRO 1984
c
Historic Monthly Mean Temperature
d
Daily Temperature
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January
February
March
April
May
June
July
August
September
October
November
December

11
14.5
21.5
21
19
12
-

11
15
21
22
20
13
-

2007a,d

10.5
14.5
18.3
21
17.5
8
-

1980,c

Month

1977b,c

Temperature Data – Baie du Dore
1974b,c

IR#

23.8
14.6
-

Notes and Sources: - Not available
a
BRUCE POWER 2008a
b
ONTARIO HYDRO 1984
c
Monthly Mean Temperature
d
Daily Temperature
Temperature data were collected for the South Railway Ditch and Stream C in the 2007 field work for the
DGR Project. This information is provided in Table 5.5.2-2 of the Hydrology and Surface Water Quality TSD
and is provided below for convenience.
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May 25, 2009 (°C)

September 11,
2009 (°C)

October 27, 2009

Average Daily Air
Temperature
SW1 Stream C –
Upstream
SW2 Stream C –
Downstream
SW3 South Railway
Ditch – West
SW4 South
Railway Ditch – East
SW5 Drain Under
Inter – connecting
Road
SW6 Macpherson Bay

October 12, 2007
(°C)

Date

June 14, 2007 (°C)

Summary of Water Temperature Data – Stream C and South Railway Ditch
May 3, 2007 (°C)

IR#

8.9

20.6

8.3

10.5

16.2

9.4

16.8

20.6

12.7

14.8

15.9

12.0

13.0

20.1

11.0

16.4

18.3

9.1

12.6

20.5

11.0

13.3

—

11.4

13.2

21.4

10.0

14.0

—

10.8

13.2

23.0

11.1

12.3

—

9.1

14.4

19.1

12.8

18.1

20.3

11.1

Note: On May 25, 2009, SW3, SW4 and SW5 were dry and temperature was not recorded.
Sampling locations shown on Figure 5.4.4-2 (Hydrology and Surface Water Quality TSD).
Water temperature in the lower reaches of Stream C was also recorded in summer 1988 and fall 1989 as part
of physical habitat investigations conducted by Ontario Hydro (Checko and Balesic 1993). As described in the
section on Stream C, the lower reaches were divided into segments A through G (refer to figure). The
following table summarizes the surface water temperatures recorded in the various segments during the
physical habitat studies. Temperatures recorded in July 1988 were more variable, ranging from 24 to 31.5°C,
than those recorded in September 1989, which ranged from 19.5 to 21°C.
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Date
July 1988
September 1989

A
26
19.5

B
26
19.5

Stream C Segment Water Temperature (°C)
C
D
E
31.5
Not available
24
19.5
21
20.5

F
24
20.5

G
25
20.5

References:
Balesic, H. and T.G. Dunstall 1993. Ecology and Biology of Fish Species in the Vicinity of Bruce GS “B”, 1979
to 1989. Ontario Hydro Report No. 92-350-K.
BRUCE POWER. 2001. Aquatic Environment Technical Support Document. Bruce A Units 3 & 4 Restart
Environmental Assessment Study Report. Prepared by Golder Associates Ltd.
BRUCE POWER. 2008. Bruce Power New Nuclear Power Plant Project Environmental Assessment,
Methods, Project Description and Existing Environment. Environmental Impact Statement, Volume 1.
BRUCE POWER. 2008a. Bruce New Nuclear Power Plant Project Environmental Assessment: EIS Studies
Hydrology and Water Quality Technical Support Document.
BRUCE POWER, 2008b. Bruce New Nuclear Power Plant Project Environment Assessment: EIS Studies
Aquatic Environment Technical Support Document.
Checko, E. and H. Balesic. 1993. Habitat Characteristics and Fish Communities of Stream “C” Within The
BNPD Site. Ontario Hydro Research Division Report No. GB93-1-K. February 1993. Included in Appendix F
of Ontario Hydro 1997.
GOLDER. 2011. Aquatic Environment Technical Support Document. Golder Associates Ltd. report for
Nuclear Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada. (CEAA
Registry Doc# 299)
HYDRO ONE. 2008. Bruce to Milton Transmission Reinforcement Project Environmental Assessment
Appendix I Natural Environment – Fisheries Technical Report.
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III –
Operations Phase, October 2003 – May 2005. Report No. K-010669-001-RA-0001-R0. Prepared for the
Nuclear Waste Management Division, Ontario Power Generation.
LGL Ltd 2002. Bruce Nuclear Power Development Bioinventory Study – Final Report. LGL Ltd Project No.
TA2522.
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OPG. 2005. Western Waste Management Facility Refurbishment Waste Storage Project Environmental
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ONTARIO HYDRO. 1984. Bruce Nuclear Power Development. An Assessment of the Effects of
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EIS-01-15



EIS
Guidelines:
Section 10,
Existing
Environment;
Section 11
Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

Information Request:
Describe any aquatic species of natural conservation status within the site study area and include an
assessment of the likely environmental effects of the project on these species.
Context:
The EIS Guidelines direct the proponent to identify any biological species of natural conservation status (e.g.,
rare, vulnerable, endangered, threatened, and uncommon) at a federal, provincial, regional or local level and
their critical habitats; and to describe the effects of the project on these species.
The proponent has not provided any information on aquatic species of natural conservation status in the
documentation submitted to date.
OPG Response:
There are no aquatic species considered to be at risk (endangered, threatened, special concern), federally
and/or provincially recorded utilizing the habitats within the Project Area.
Natural Heritage Information Centre (NHIC) records do not indicate element occurrence records for fish or
mussel species at risk in the Site or Local Study Area. However, the Fisheries and Oceans Canada (DFO)
Aquatic Species at Risk mapping developed as a geo-referenced distribution database for Ontario fishes and
mussels, with emphasis on species at risk, indicates the potential for habitat of three species that are listed
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federally by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) and/or provincially by
Ministry of Natural Resources (MNR) Committee of the Status of Species at Risk in Ontario (COSSARO).
These species are:




American eel (Anguilla rostrata) designated as special concern federally and endangered provincially;
Silver shiner (Notropis photogenis) designated as threatened federally and special concern
provincially; and
Northern brook lamprey (Ichthyomyzon fossor) special concern both federally and provincially.

The DFO mapping is based on range maps and available landscape level mapping data and not necessarily
site specific habitat data or fish community data. Therefore, this mapping needs to be related back to the Site
Study Area. As American eel have a catadromous life strategy (breed in the Atlantic Ocean), it is unlikely that
Lake Erie and the upper Great Lakes formed part of the historic range, given the formidable obstacle posed
by Niagara Falls (MacGregor et al. 2010). Silver shiner inhabits deep runs, riffles and pools of relatively clear,
medium to large streams with swift currents over variable (clay to boulder) substrates which may occur in the
Site and Local Study Area. Northern brook lamprey inhabits clean, clear riffles and runs of small rivers with
gravel and sand substrates and their ammocoetes (larvae) occupy quiet water with sand, silt and detritus
substrates. These types of habitat also occur within the Site and Local Study Areas.
The surface runoff from the DGR site that currently drains towards natural streams will be diverted through a
stormwater management pond and drainage ditch to MacPherson Bay. This will be a 0.8% decrease in flow
predicted for Stream C. Therefore, it is not anticipated that the DGR Project will have an effect on the
designated species noted above.
In addition to the above, OPG is aware that two reptile species found in aquatic habitats within Bruce County
are considered to be at risk (endangered, threatened, special concern). Based on a review of the Natural
Heritage Information Centre (NHIC) database two sensitive species found in the local study area are spotted
turtle (Clemmys guttata) and snapping turtle (Chelydra serpentina). Spotted turtle is listed both provincially
and federally as an “endangered species”. This status designation was determined because spotted turtle
occurs at low density, has an unusually low reproductive potential, and occurs in small numbers in bogs and
marshes that are fragmented and disappearing. Further, there is a clear threat to population persistence from
collection for the pet trade. Snapping turtle is designated Special Concern under the Species At Risk Act in
2008; however, in Ontario, snapping turtles may be hunted with a license or captured and/or killed if a person
believes it is damaging the person’s property. This is regulated under the Ministry of Natural Resources
fishing license program. In order to reduce the risk of collection for the pet trade to spotted turtles
documented in the Project study areas, the EIS excludes any specific reference to species locations.
References:
MacGregor, R., J. Casselman, L. Greig, W. A. Allen, L. McDermott and T. Haxton. 2010. DRAFT Recovery
Strategy for the American Eel (Anguilla rostrata) in Ontario. Ontario Recovery Strategy Series. Prepared for
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Ontario Ministry of Natural Resources. Peterborough, Ontario.

EIS-01-15a
(Supplementary
response
submitted on
August 9, 2012
as a result of
the clarification
meeting with
CNSC on May
1, 2012)





EIS
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Section 10,
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Environment;
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Effects
Prediction,
Mitigation
Measures and
Significance
of Residual
Effects

OPG Supplementary Response:
Introduction
In response to clarifications sought by the Canadian Nuclear Safety Commission (CNSC) in regard to
Information Request EIS-01-15, further information is provided on herpetological species of conservation
concern known or having potential to be on the Bruce nuclear site or its vicinity. Particular attention is paid to
those species that have been recorded, either recently or historically, in proximity to the DGR Project site as
they have the potential to be affected by the construction and operation of the DGR.
Section 5.8.2.2 of the Terrestrial Environment TSD (GOLDER 2011) lists reptiles (snakes and turtles)
identified by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) and/or the
Committee on the Status of Species at Risk in Ontario (COSSARO) as being species at risk and that may be
encountered in the Local Study Area based on review of MNR records and previous biological studies carried
out in the vicinity of the Bruce nuclear site. Further information on the ecology and potential for the project to
affect these species is included below. For completeness, Eastern hog-nosed snake (Heterodon platirhinos)
and massasauga (Sistrurus catenatus) are discussed although neither of these species occurs in Bruce
County off the peninsula.
In addition to the reptiles considered, the Terrestrial Environment TSD (GOLDER 2011, Section 5.7.1.3) notes
that western chorus frog (Pseudacris triseriata) was recorded on the Bruce nuclear site in 2009. The Great
Lakes/St. Lawrence-Canadian Shield population of western chorus frog is designated as Threatened by
COSEWIC and is included on Schedule 1 of the Species At Risk Act (SARA). The potential for the project to
affect this species is also discussed.
Further to the clarification requested by the CNSC, discussions between NWMO and the Ontario Ministry of
Natural Resources (OMNR) have indicated OMNR’s interest in plant and bird species of conservation concern
that may potentially be utilizing habitat on the Bruce nuclear site. Table 5.8.2-1 of the Terrestrial Environment
TSD (GOLDER 2011) notes significant vascular plant species that have been recorded in the Local Study
Area, and Section 5.8.2.2 of the same TSD discusses significant bird species within the Local Study Area.
Six specific species (one vascular plant; five avian) noted in discussion with the OMNR are addressed in this
addendum, including a description of their ecology and conservation status, known occurrence on the Bruce
nuclear site, breeding status in the case of birds, and their potential to be affected by the DGR Project.
Environment Canada, in its June 21, 2012 correspondence to the Joint Review Panel (CEAA Registry Doc#
568), requests information on several species that may use the DGR Project site and Site Study Area.
Responses to these questions are also included.
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Reptiles (Snakes)
Eastern Foxsnake
Eastern foxsnake (Elaphe gloydi) is one of Ontario’s largest snake species, and occurs only within the Great
Lakes region of North America. In Ontario, the species distribution is highly fragmented, occupying three
discrete regions along the shores of Lake Erie and Georgian Bay (COSEWIC 2008a). The Georgian Bay
area population, known as the Great Lakes/St. Lawrence population, is the focus of this discussion. No
reliable estimate of the size and trends of the population are available (COSEWIC 2008a). It is assumed the
population has been negatively affected by cottage development and increasing numbers of roads and traffic
within their restricted range. Some snakes are also known to have been killed by boat traffic in inshore waters
of Georgian Bay (COSEWIC 2008a). This species has specific habitat preferences and generally does not
venture far inland. Its activity is generally confined to within 150 m of the shoreline in areas that feature rock
barrens and meadow marshes, and it tends to move primarily by water rather than travel overland. Eastern
foxsnakes are assumed to hibernate in fissures in the bedrock, and suitable hibernacula may be a limiting
factor for their abundance (COSEWIC 2008a). When confronted, this species tends to remain motionless,
and responds in a docile manner to aggressors (COSEWIC 2008a). This behaviour, coupled with its large
size and potential for misidentification as a venomous massasauga, make it particularly susceptible to
persecution.
Eastern foxsnake (Great Lakes/St. Lawrence population) is listed as Endangered on Schedule 1 of SARA. In
addition to the protection afforded under SARA, eastern foxsnake is also protected in Ontario under the
Ontario Fish and Wildlife Conservation Act, 1997, and the Ontario Endangered Species Act, 2007. The
Terrestrial Environment TSD (GOLDER 2011, Section 5.7.2.3) notes that eastern foxsnake may occur in the
Local Study Area based on a single report of a record from MacGregor Point Provincial Park (Ontario Parks
2005). The most recent COSEWIC status assessment (COSEWIC 2008a), however, notes that records from
Bruce County are suspect and are probably misidentified milksnakes (Lampropeltis triangulum). Further, the
Ontario Herpetofaunal Summary does not include any reliable records of eastern foxsnake occurring in Bruce
County (Oldham and Weller 2000). There have been no records since 1990 of eastern foxsnake occurring in
proximity to the DGR Project site based on review of readily available relevant documents (e.g., LGL 2002,
OPG 1999, and ONTARIO HYDRO 1997). Therefore, no effects from any phase of the DGR Project are
expected for this snake species.
Furthermore, through discussions with MNR SAR biologists it was determined that there were no records for
this species on or within close proximity to the project study areas. They do not feel that this species is of
concern for the DGR Project.
Eastern Hog-nosed Snake
This stout snake is easily recognized by the upturned scale on the tip of its snout, a feature unique to hognosed snakes. The eastern hog-nosed snake is restricted to two geographically distinct areas in southern
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and south-central Ontario: the Carolinian region of southwestern Ontario and the Great Lakes–St. Lawrence
region of central Ontario south of the French River and Lake Nipissing and east of Georgian Bay (COSEWIC
2007, Oldham and Weller 2000). This is an active snake that moves about a lot compared with other Ontario
snakes, with a home range that may exceed 100 ha. Eastern hog-nosed snakes prefer habitats with sandy,
well-drained soils and open vegetation cover. Nests are constructed in sandy soil at a depth of 10-20 cm
below surface, and snakes hibernate in sandy soil below the frost line. The distribution of this snake is likely
limited by access to sandy soils for nesting and hibernating. As toads (Bufo spp.) are the preferred prey, this
species is often found near water. This snake has been negatively affected by habitat fragmentation primarily
due to agricultural developments, road-related mortality, collection for the pet trade, persecution, and
declining toad populations. When threatened, eastern hog-nosed snake engages in a complex defensive
display and may strike at its attacker. If this aggressive behaviour by the snake fails to scare away its
attacker, the snake will abruptly adjust its tactics and play dead, lolling its tongue and possibly even oozing
blood from its open mouth and/or vent (COSEWIC 2007).
Eastern hog-nosed snake is listed as Threatened on Schedule 1 of SARA. In addition to the protection
afforded under SARA, eastern hog-nosed snake is also protected in Ontario under the Ontario Fish and
Wildlife Conservation Act, 1997, and the Ontario Endangered Species Act, 2007.
The most recent COSEWIC status report for eastern hog-nosed snake notes that records from Bruce County
for this species are considered historic (pre 1990), and the species may be extirpated (COSEWIC 2007). The
Ontario Herpetofaunal Summary does not include records of eastern hog-nosed snake occurring in Bruce
County (Oldham and Weller 2000). Further, no records of this species occurring on the Bruce nuclear site
exist in readily available bioinventory and environmental reports (e.g., LGL 2002, OPG 1999, and ONTARIO
HYDRO 1997) and the sandy soil required for critical functions is generally not present (refer to Section 5.5.1
of the Terrestrial Environment TSD (GOLDER 2011)). The lack of sightings on the Bruce nuclear site
provides supporting evidence that eastern hog-nosed snakes are not present since its remarkable defensive
display makes any discovery of this species memorable. Therefore, no effects from any phase of the DGR
Project are predicted for this snake species.
Furthermore, through discussions with MNR SAR biologists it was determined that there were no records for
this species on, or within close proximity to the project study areas. They do not feel that this species is of
concern for the DGR Project.
Eastern Milksnake
The milksnake is a shiny, relatively slender, large snake with smooth scales. It occurs throughout most of the
Great Lakes region (Oldham and Weller 2000) in rural areas and is frequently reported in and around older
structures. This species is found in a wide variety of habitats including meadows, forests and rock outcrops.
It may also be found along edges of powerline rights-of-way and railway embankments. Eastern milksnake
requires hibernation sites with enough moisture to prevent desiccation. Suitable sites include mammal
burrows, building foundations, stone walls, old wells and cisterns, hollow logs or rotting stumps. This species
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tends to be diurnal during spring and fall and nocturnal during summer. They consume large numbers of
small rodents (Fisher 2002).
Eastern milksnake is very secretive and spends a great deal of time hidden. Also, this species does not bask
openly like other snakes, but thermoregulates by obtaining heat from the underside of objects exposed to
direct sunlight. When threatened, these snakes will flee and only assume an aggressive posture if cornered
(Fisher 2002).
Overall, it appears that many eastern milksnakes persist in Ontario, but little is known about the life history of
this species or its population status. Its apparent rarity may be partly due to its nocturnal and subterranean
habits (Fisher 2002) leading to fewer confirmed sightings. However, threats exists (e.g., road-related
mortality, predation), the species is assumed to be rare and no data indicate whether populations are secure.
Accordingly, eastern milksnake is identified on Schedule 1 of SARA and by COSSARO as Special Concern
(COSSARO 2010a).
The DGR Project site is within the known extant range of this species, and its presence in both Inverhuron
Provincial Park and MacGregor Point Provincial Park is confirmed (Fisher 2002, Oldham and Weller 2000).
However, the readily available relevant literature does not include records of eastern milksnake for the Bruce
nuclear site. There is a possibility that eastern milksnake could be using the cultural habitats found on the
DGR Project site such as debris heaps for cover or possibly overwinter in an area where large rubble fill is
present in close proximity to a wet lowland area. However, their abundance is presumably limited due to the
overall lack of suitable hibernation sites since mammal burrows are limited by the thin soils and no humanconstructed options (e.g., foundations, old wells) are available. Additionally, field surveys conducted by
knowledgeable biologists at both day and night during this species’ active period yielded no incidental
sightings nor were any killed specimens incidentally noted along roadways within the Bruce nuclear site
(terrestrial field studies undertaken as part of the DGR Project are described in Section 5.3.3 of the Terrestrial
Environment TSD). As such, no adverse effects of the DGR Project are expected on the population(s) of
eastern milksnake that occurs within the boundary of the Local Study Area.
Eastern Ribbonsnake
Eastern ribbonsnake (Thamnophis sauritus) is a semi-aquatic snake that occurs throughout the Great Lakes
region (Oldham and Weller 2000). Resulting from its semi-aquatic nature, the snake is usually found along
edges of shallow ponds, streams, marshes, swamps or bogs bordered by dense vegetation that provides
cover. Habitat with abundant exposure to sunlight is also necessary for thermoregulation. During the active
season (April to October), eastern ribbonsnake is diurnal, gregarious and active; however, it is overall a docile
and timid animal. The species hibernates in rock crevices, animal burrows or ant mounds, and it is thought
that availability of overwintering sites likely limit its abundance. Eastern ribbonsnake feeds primarily on frogs
(Smith 2002).
Eastern ribbonsnake (Great Lakes Population) is listed as Special Concern on Schedule 1 of SARA, and the
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ESA. The distribution of this population roughly follows the southern edge of the Canadian Shield. There are
persistent sightings of this species from the Georgian Bay region, particularly from Bruce County (HYDRO
ONE 2008, Section 3.1.5; Smith 2002). There are two records of Eastern ribbonsnake on the Bruce nuclear
site, although neither of these records occurs within the boundaries of the DGR Project site (OPG 1999,
Section 6.3.5; ONTARIO HYDRO 1997, Section 3.5.2). This species has been incidentally observed on the
Bruce nuclear site by Golder and MNR staff more recently.
As described in the Terrestrial Environment TSD, no effects on the permanent wetland habitat in proximity to
the DGR Project site are expected to result from the DGR Project during site preparation, construction or
operation phases. Additionally, no effects on northern leopard frog – a main prey item for Eastern
ribbonsnake – are anticipated to result from the DGR Project. As such, no adverse effects of the DGR Project
are expected on the population of eastern ribbonsnake that likely occurs within the Site Study Area.
Massasauga
The massasauga, sometimes known as massasauga rattlesnake, is the only venomous snake in Ontario
(Rouse and Wilson 2002). The massasauga is found along the eastern shores of Georgian Bay and along
the Bruce Peninsula (Rouse and Wilson 2002, Oldham and Weller 2000). This snake needs protection from
predators and the elements so its habitat cannot be too open. Additionally, it requires access to basking
areas and often uses granite rock tables along the shores of Georgian Bay for this purpose. Massasaugas
also require sufficient moisture to survive the winter, and hibernacula are often associated with wetlands or
small wet depressions in the terrain. In fact, winter is major source of natural mortality for this species. This
species is active generally from April to October. The snake is diurnal, and its diet consists primarily of small
mammals and songbirds. Massasaugas can co-exist with relatively high levels of human use over short
periods and often incorporate disturbed areas into their yearly activity ranges. This species is passive and
solitary, and attempts to remain motionless to escape notice when it feels threatened (Rouse and Wilson
2002). This species is threatened by habitat destruction and fragmentation, road-related mortality and
deliberate killing by humans (Rouse and Wilson 2002).
It is listed on Schedule 1 of the SARA as Threatened, and is recognized as Endangered in the ESA. It is also
a “specially protected reptile” under the Ontario Fish and Wildlife Conservation Act. As noted, the distribution
of massasauga in Ontario is restricted and it does not occur within Bruce County off the Bruce Peninsula.
Therefore, no effects from any phase of the DGR Project are expected for this snake species.
Through discussions with MNR SAR biologists it was determined that there were no records for this species
on or within close proximity to the project study areas. They do not feel that this species is of concern for the
DGR Project.
Queen Snake
The queen snake (Regina septemvittata) is a moderately sized, slender snake that occurs in the eastern U.S.
and southwestern Ontario. This aquatic species is restricted to areas west of the Niagara Escarpment south
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of Georgian Bay, and its distribution in Ontario represents the northern extreme of its range. Queen snake is
seldom found more than 3 m from water, and has highly specialized habitat requirements including: presence
of a permanent body of water (flowing or still) that remains above 18.3°C throughout the majority of the
snake’s active season (May through October); abundant cover such as flat rocks that are partially submerged
or at the water’s edge; and an abundance of crayfish which is the only prey it takes in the wild. The
availability of suitable hibernacula is critical to overwinter survival, and desiccation is a serious risk for this
species compared with other Ontario snakes. Because of its highly specialized habitat requirements, queen
snakes have small home ranges (i.e., movements of up to 100 m in an active season have been observed).
This species is susceptible to mass collection and persecution as well as habitat loss. Additionally, queen
snake is affected by declining water quality both directly through its highly permeable skin, and also indirectly
through affects on its crayfish prey. Finally, the invasion of Ontario waterways by round goby (Neogobius
melanstomus) is a serious potential threat because it aggressively competes for prey (COSEWIC 2010a).
Queen snake was most recently assessed by COSEWIC as Endangered, and is included on Schedule 1 of
SARA as Threatened. It is also recognized as Endangered in the ESA, and protected by the Ontario Fish and
Wildlife Conservation Act.
While this snake has historically been recorded in the Local Study Area, the last confirmed report of queen
snake at Baie du Doré dates from 1969. It is likely that the local population has been lost, and it is not
considered to be extant in the recently completed COSEWIC assessment and status report (COSEWIC
2010a). Further, the DGR Project site does not provide substantial suitable habitat for this aquatic snake, nor
is movement by this snake through the DGR Project site between suitable habitats likely given its proneness
to dehydration and small home range. As described in the Hydrology and Surface Water Quality TSD
(GOLDER 2011b), no DGR-related effects on water quality are expected to occur. Therefore, no adverse
effects from any phase of the DGR Project are expected for this snake species.
Turtles
Spotted Turtle
As mentioned in Section 5.8.2.2 of the Terrestrial Environment TSD (GOLDER 2011) the spotted turtle, a
nationally endangered species, has been recorded in the Local Study Area. The spotted turtle (Clemmys
guttata) is a relatively small freshwater turtle easily recognized by its black carapace overlaid with an irregular
pattern of yellow-to-orange spots. Distribution of the species is restricted to eastern North America, where it
occurs in disjoint populations ranging from southern Ontario, possibly southern Quebec, and Maine southward
along the Atlantic coastal plain to central Florida, and westward along the south shores of the Great Lakes to
northeastern Illinois. The majority of the known occurrences of spotted turtles in Ontario are now considered
to represent extirpated or poor viability populations (COSEWIC 2004).
Emergence from hibernation occurs from early to late April, and then spotted turtles aggregate in aquatic
habitats for breeding. Nesting generally occurs from mid-to-late June. Summer dormancy may take place
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from July through August and into September, when turtles return to hibernacula (winter shelter) (COSEWIC
2004). Sexual maturity is attained anywhere from 7 to 15 years of age, and adult longevity has been shown
to reach 110 years for females and 65 years for males (Litzgus 2006).
Multi-year and multi-season studies on the spotted turtles in the Local Study Area have been carried out by a
team of researchers from Laurentian University led by Dr. Jacqueline Litzgus. Over 100 individual turtles,
including adult females, adult males, and juveniles (sex undetermined) have been captured and marked
(Rasmussen et al. 2009) as part of these studies. The data gathered indicate that the resident population is
successfully reproducing, although nest failure rate is high due to predation (Rasmussen and Litzgus 2010a).
Nesting season occurs between late May and late June (Rasmussen and Litzgus 2010b). Nesting females
have shown fidelity to general habitat and substrate type (e.g., soil, sphagnum moss, gravel, etc), but do not
appear to nest in the same specific location from year to year. Tracked females nested anywhere from 2 to
139 m from a wetland during study years (Rasmussen and Litzgus 2010a). Radiotelemetry data for tracked
turtles showed that individuals travelled up to 1,000 m within a season. One common feature for nest site
selection was that all females monitored chose nest sites that had 75-100% exposure to noon sun
(Rasmussen and Litzgus 2010a). The limited migration distance observed for turtles is supported by
radiotelemetry studies carried out on spotted turtles in Massachusetts (Milam and Melvin 2001) and
movements documented in a metapopulation located along Georgian Bay (Enneson and Litzgus 2009).
Studies of habitat selection by the population of interest of spotted turtles showed that individual turtles
occupied home ranges around 6 to 8 ha in area, and that sex does not appear to influence home range size
(Rasmussen and Litzgus 2010b). In general, daily movements during the active seasons were such that
turtles travelled from overwintering sites towards Lake Huron in the spring and then away from the lake in the
fall (Rasmussen and Litzgus 2010b). Although turtles decreased their movements in the post-nesting season
(summer), they remained active both terrestrially and aquatically. For the study population, aquatic
invertebrates constitute the major food source, followed by small fish. Vegetative matter forms a minimal
component of the diet of study population of spotted turtles (Rasmussen et al. 2009).
Snapping Turtle
The snapping turtle (Chelydra serpentina) is Canada’s largest terrestrial or freshwater reptile. It has the
greatest lateral distribution of any turtle in North America, and is present in the provinces of Nova Scotia, New
Brunswick, Quebec, Ontario, Manitoba and Saskatchewan (COSEWIC 2008b).
The preferred habitat for snapping turtles is characterized by slow-moving water with soft mud substrate and
dense aquatic vegetation. Established populations can be found in ponds, sloughs, shallow bays, or river
edges and slow streams. They are often found in areas that combine several of these wetland habitats into a
complex. Snapping turtles can occur in polluted waterways, but environmental contamination limits
reproductive success and may have long-term population consequences. The quality and quantity of suitable
habitat is diminishing due to conversion of wetlands into agricultural lands and urban development
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(COSEWIC 2008b).
Snapping turtles have a life-history strategy characterized by high and variable mortality of embryos and
hatchlings, delayed sexual maturity, extended adult longevity, and iteroparity with low success per
reproductive event. For example, a study carried out in Algonquin Park determined the probability of a
snapping turtle embryo reaching sexual maturity as less than 0.1%. While life-span in the wild is poorly
understood, long-term mark-recapture data suggest a maximum age that exceeds 100 years. Active adults
have few predators other than humans. Because of its life history, population persistence is critically
dependent on adult survivorship (COSEWIC 2008b).
Field surveys completed on the DGR Project site (2007 and 2009) for reptiles were designed to identify and
characterize the range of species that could reasonably be expected to be documented on the site.
Wildlife habitat surveys were completed in features had the potential to provide suitable habitat for turtles
within the Project Area. Additionally, terrestrial wildlife and habitat surveys were completed over a number of
seasons, which provided the opportunity for incidental sightings of species throughout the duration of the
project. Aquatic environment surveys are described in Section 5.1.2 of the Aquatic Environment TSD
(GOLDER 2011a), and terrestrial field work is described in detail in Section 5.1.2 of the Terrestrial
Environment TSD (GOLDER 2011). No snapping turtles were recorded, nor were favourable habitats for
foraging, breeding, or nesting documented within the Project Area. Adult snapping turtles have been
recorded utilizing wetland habitat within the Project Area including one documented in a ditch in the DGR
Project Area at station 17 (Figure 5.3.2-1 in the Terrestrial Environment TSD (GOLDER 2011)) during the field
studies carried out in 2009. Additionally, some areas within the DGR Project site provide suitable substrates
and adequate sun exposure for nesting activities for various turtle species within reasonable proximity to
wetland habitat. Turtle nesting has not been confirmed within the DGR Project Area.
Potential for the DGR Project to Affect Sensitive Freshwater Turtles
The main potential habitat locations for turtles within the Project Area are two wetland features, which are
delineated on Figure 5.4.1-1 of the Terrestrial Environment TSD (GOLDER 2011). The South Railway Ditch
also supports midland painted turtles in the few locations within the ditch where open water is available.
Permanent marsh habitat within the Project Area is limited to less than one ha. The marsh area is partially
defined by fill placement, is shallow and is dominated by aquatic mermaid weed (Proserpinaca palustris) and
reed canarygrass (Phalaris arundinacea). Other emergents are also present including several sedges and
rushes. The substrate of this marsh and its depth increase the potential for this features to act as an
overwintering area for individuals. A seasonal swamp that occurs in the Project Area is approximately 3.1 ha
in area. That habitat is dominated by a mix of trembling aspen (Populus tremuloides) and eastern white cedar
(Thuja occidentalis). Channels filled with reed canarygrass and fowl manna-grass (Glyceria striata) are
typical throughout the wetland feature. Overall, the floral diversity of the swamp is low, and the community is
fragmented by “fingers” of fill that intrude into the habitat. Vernal ponds documented within the Project Area
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which have the potential to provide suitable basking and foraging habitat for early emerging species of turtles.
The assessment presented in the Terrestrial Environment TSD (GOLDER 2011) determined that no adverse
effects on terrestrial and aquatic species using either of the wetland habitats described above are anticipated
to result from the DGR Project (see Section 8.2.2 of the Terrestrial Environment TSD (GOLDER 2011) and
Section 8 of the Aquatic Environment TSD (GOLDER 2011a)). Furthermore, these two features are
separated from each other by approximately 500 m of terrain that includes industrial barrens, and both
features are located more than 500 m from the nearest point of Stream C or the southern boundary of the
wetland complex. While on-site ditches may provide limited corridors between habitat features, movement
patterns of spotted turtles documented in Rasmussen and Litzgus (2010a, 2010b) would suggest very limited,
if any, migration of spotted turtles into the Project Area would occur given the distances between suitable
habitat units.
In addition to assessing effects on Valued Ecosystem Component (VEC) species found within the two wetland
features, Section 7.12 of the Environmental Impact Statement (EIS) (OPG 2011) assesses the effects of the
DGR Project on ecological VECs including Stream C and the marsh in the Project Area using indicator VECs.
As described in Section 7.12 of the EIS (OPG 2011), Stream C is located to the east of the DGR Project site.
Stream C is a former tributary of the Little Sauble River that was diverted during the initial development of the
Bruce nuclear site in the 1960s. The stream provides coldwater habitat for fish. The screening presented in
Section 7.12.2.3 of the EIS (OPG 2011) identified no residual adverse effects associated with any of the
indicator VECs for Stream C. Furthermore, a diversion of site surface water runoff from the Stream C
catchment will be implemented to avoid the discharge of any stormwater from the DGR Project site into the
more sensitive coldwater habitat of the Stream C watershed and to ensure the treatment of all the drainage
from the DGR Project in a stormwater management pond, prior to discharge to ditches that lead to
MacPherson Bay. No releases from the site will be directed to the Stream C watershed. Therefore, no additive
effects are expected for Stream C and its associated flora and fauna including benthic invertebrates (main diet
component for spotted turtle [Rasmussen et al. 2009]). Correspondingly, no effects on turtles that may use
Stream C would be expected.
The marsh in the Project Area is not considered likely to support spotted turtles given its small size and
isolation from far more favourable habitat areas where spotted turtles are resident. However, for
completeness, the potential for effects on this area are summarized from section 7.12.4.3 of the EIS (OPG
2011). The DGR Project will avoid disturbance of the marsh area, and no vegetation within the marsh area
will be cleared. Groundwater quality at recharge areas within the marsh are also not expected to be affected
during construction, operations or decommissioning of the project. Finally, no effects associated with
radiation exposure for any of the flora and fauna species considered are expected. It is assumed that spotted
turtle would exhibit similar radiosensitivity to other herpetofauna evaluated. As such, no adverse effects on
the wetland are anticipated. In the unlikely event that a few individual spotted turtles are utilizing this habitat
for foraging, breeding, or hibernating, it is reasonable to conclude they would not be affected by the DGR
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Project.
In summary, the two freshwater turtle species within Bruce County that are considered to be of conservation
concern (endangered, threatened, special concern) are the spotted turtle and snapping turtle. The previous
discussion outlines the evidence to support the assessment that no adverse effects on the spotted turtle are
expected as a result of the DGR Project because no effects are expected on the midland painted turtle (a
VEC in the EIS), which relies on similar habitat as the spotted turtle. Since overlaps in habitat utilization
between these two turtle species and snapping turtle occur, it is therefore appropriate to conclude the DGR
Project would have no adverse effect on snapping turtles within the study areas.
Exclusionary fencing will be constructed around the construction site. In the event of a spring construction
start, and with considerations for spring emergence, fencing around the DGR Project site will be erected prior
to May 25 in time to ensure mobile reptiles do not enter the construction site. OPG will consult with the MNR
and prior to the start of construction have in place a plan to address any at risk turtles found on the
construction site. Worker awareness programs will also reduce the risk for potential effects on turtle and
snake species within the construction area.
Anurans
Western Chorus Frog
Western chorus frog (Pseudacris triseriata) is a small frog the measures about 2.5 cm and weighs about 1 g.
It occurs in two distinct populations in Ontario: the Carolinian population (southwestern Ontario) and the Great
Lakes/St. Lawrence - Canadian Shield population (other regions of Ontario extending into Quebec)
(COSEWIC 2008c). The Great Lakes/St. Lawrence Canadian Shield population is the focus of this discussion
as its range includes the Bruce nuclear site (Oldham and Weller 2000). This population of western chorus
frog is listed on Schedule 1 of SARA as Threatened.
This frog is primarily a lowland terrestrial species. However, it requires both terrestrial and aquatic habitats in
close proximity to complete its life history. Western chorus frog is a poor swimmer, and requires seasonally
dry temporary ponds devoid of predators for breeding and tadpole development. The species breeds mainly
in April. There is rapid turnover of individuals within a population, with frogs living no more than one year
(COSEWIC 2008c). This high mortality rate at each life history phase means that the survival of a population
is reliant on recruitment of new individuals each year. These frogs display low mobility (movements up to
several metres) and high fidelity to their natal ponds. The most serious threat to the persistence of western
chorus frog populations is habitat fragmentation and alteration (COSEWIC 2008c).
In 2009, a western chorus frog was noted on the Bruce nuclear site. One individual was reported calling
during the appropriate season (May) within the Site Study Area but well removed (over 1 km) from the Project
Area. However, the COSEWIC assessment and update status report cautions against accepting purely
auditory evidence for new occurrences of this species in the region (COSEWIC 2008c). As described in
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Section 5.7.1.3 of the Terrestrial Environment TSD (GOLDER 2011), spring peeper is one of the most
abundant frogs found on the Bruce nuclear site, and the identification of western chorus frog based solely on
calling may be erroneous. Historically, northern leopard frog egg masses have been noted in vernal ponds
within the Project Area (KINECTRICS 2005, Section.8.5) and there is evidence that green frog and spotted
salamander also breed in these vernal ponds. Northern leopard frog was identified as a VEC for the
assessment of effects of the DGR Project on the Terrestrial Environment, and as documented in the
Terrestrial Environment TSD (GOLDER 2011, Section 8.3.2) no adverse effects on this VEC are expected.
Finally, the DGR Project is not expected to result in any adverse effects on water or soil quality (see the
Hydrology and Surface Water Quality TSD (GOLDER 2011b, Section 8.3.6) and the Geology TSD (GOLDER
2011c, Section 8.2)). Therefore, no adverse effects from any phase of the DGR Project would be expected
for western chorus frog.
Other Species of Interest
As noted in the introduction to this addendum, the OMNR has expressed an interest in the potential for the
DGR Project to affect five specific bird and one plant species of conservation concern. These species are
barn swallow (Hirundo rustica), bobolink (Dolichonyx oryzivorus), least bittern (Ixobrychus exilis), peregrine
falcon (Falco peregrinus), whip-poor-will (Caprimulgus vociferus) and dwarf lake iris (Iris lacustris).
A review of biological studies literature for the Bruce nuclear site and adjacent areas revealed no records for
either least bittern or peregrine falcon, and these species are not discussed further. The remaining three bird
species of interest are confirmed to utilize habitat either on the Bruce nuclear site or immediately adjacent to
the property within the past decade. Accordingly, the potential for the DGR Project to affect these avifauna is
assessed. Each of these species is migratory and occurs in the study areas only during the breeding
(summer) season so discussion is focused on nesting activities. There are historic records of dwarf lake iris
stems occurring on and near the Bruce nuclear site. Existing conditions within the Project Area do not
currently include suitable habitat for this species. MNR SAR biologists agree with this assessment based
upon current site conditions.
Birds
Barn Swallow
Barn swallow is one of the world’s most widespread and common landbirds (COSEWIC 2011). An aerial
insectivore, barn swallow forages over open habitats such as agricultural lands and wetlands typically less
than 10 m from the ground. True flies (Diptera) comprise the majority of its diet (COSEWIC 2011). This
species is a confirmed breeder in all Canadian provinces and territories, and winters from Mexico southward
throughout Latin America (COSSARO 2011a). Prior to European settlement of North America, barn swallow
nesting habitat was characterized by natural features including caves, ledges and crevices associated with
rocky cliff faces. It is also likely that barn swallows made use of Aboriginal peoples infrastructure such as long
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houses. With the rapid expansion of human population since European settlement, this species has largely
shifted away from natural nesting sites to artificial ones. For example, it is postulated that only 1% of the
Canadian barn swallows continue to utilize natural nesting sites (COSEWIC 2011). Currently, barn swallows
utilize a variety of artificial structures that provide ledges or a vertical face with some sort of overhanging
shelter, and nests are most commonly located amongst open wooden barns, garages, sheds, bridges, and
culverts. Nests are largely constructed of mud pellets and are lined with grasses and/or feathers. Fidelity to
breeding sites varies, but is quite high (COSEWIC 2011).
Despite the apparent security of this species in Ontario (ranked S4B), comprehensive surveys have produced
data showing a statistically significant and persistent decline of the populations (COSEWIC 2011, COSSARO
2011a). Breeding bird survey results show that declines are most pronounced in the northeastern U.S. and
eastern Canada, and rather inexplicability began in the mid-1980s. Similar declines have been observed for
other aerial insectivores (COSEWIC 2011, COSSARO 2011a). The threats causing these declines are not
well understood, and most of the postulated threats have weak to no scientific support nor have they been
directly tested (COSSARO 2011a). Additionally, most of the suggested causes of the observed declines
appear inadequate to explain the sharp declines of aerial insectivores (COSSARO 2011a). The magnitude
and geographic extent of the decline are cause for conservation concern, and both COSEWIC and
COSSARO have designated barn swallow as Threatened in Ontario (COSEWIC 2011, COSSARO 2011a).
Barn swallow is classified as Threatened under both SARA and the Ontario Endangered Species Act.
Additionally, the barn swallow and its nests and eggs are protected under the Migratory Birds Convention Act,
1994, in Canada.
Barn swallow is a confirmed breeder for the Bruce nuclear site (LGL 2002, Table 3.4), and is known to utilize
Baie du Doré for resting, foraging and a source of mud used as a nesting material (BRUCE POWER 2001,
Appendix B). The bioinventory work completed by LGL in 2001 included a breeding bird survey location
within the area identified for the DGR Project; however, barn swallows were not observed at that survey
station (LGL 2002, Section 3.4.1 and Figure 3.5). Similarly, as shown in Table 5.7.1-1 of the Terrestrial
Environment TSD (GOLDER 2011) for the DGR Project, breeding birds surveys conducted in 2009 failed to
observe barn swallows. These results are consistent with the preference for barn swallow to nest in and
forage in close proximity to their artificial nesting sites, which are not present on the DGR Project site. The
main potential for the DGR Project to affect barn swallow is through the clearing of several hectares of cultural
vegetation communities as part of the site preparation and construction phase of the project, thereby reducing
foraging habitat. However, it is important to note that, on balance, foraging habitat, including agricultural fields
and manicured open spaces, is not a limiting factor for this species within the Local Study Area. Further, the
recent status assessment completed for this species notes that while some researchers have suggested that
reduced foraging opportunities may be contributing to the observed declines, the evidence to support this
hypothesis is lacking (COSEWIC 2011, COSSARO 2011a). Taking these factors into consideration, the DGR
Project is not expected to result in adverse effects on barn swallow nesting or foraging habitat availability.
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Bobolink
Bobolink is a medium-sized passerine that is widely distributed in its breeding range across southern Canada
and the U.S. (COSEWIC 2010b, COSSARO 2010b). The first adults arrive at their breeding grounds in midMay from their wintering grounds in South America east of the Andes. Males typically arrive one week in
advance of females, and establish their territories. Females construct nests on the ground often at the base
of large plants typically in agricultural fields of forage crops. Hay fields and associated pastures are its
preferred habitat due to the plant cover present at the onset of the nesting season (COSEWIC 2010b). Prior
to the settlement of North America by Europeans, the bobolink’s range was centred on the tall-grass prairie of
the Mississippi Valley, and the species was probably rare in Canada. Its Canadian range expanded as
Europeans converted forests into forage crops, and most anthropogenic habitat suitable for breeding is now
located on private agricultural lands (COSEWIC 2010b). This species does not tolerate disturbance at the
nest site in early incubation, and nests may be abandoned by adults following repeated human interference
(COSEWIC 2010b). During the breeding period, the adult bobolink diet consists of insects and plant matter,
while nestlings feed exclusively on insects. Given the long distance of migration from breeding grounds to
overwintering habitat, the fall migration begins in mid to late July (COSEWIC 2010b).
Despite the apparent security of this species in Ontario (ranked S4B), comprehensive surveys have produced
data showing a statistically significant and increasing rate of decline of the populations (COSEWIC 2010b,
COSSARO 2010b). The main causes of mortality are associated with the timing of mowing of hay fields,
which has advanced since the 1950s to coincide with the peak of the bobolink nesting season. A secondary
threat exists from the loss of habitat due to conversion of pastures and hay fields to cereal crops such as
soybean and corn. Pesticide use at both the breeding and wintering grounds may contribute to increased
mortality and sub-lethal effects that influence fitness and reproductive success (COSEWIC 2010b, COSSARO
2010b). Both COSEWIC and COSSARO have assessed bobolink as Threatened in Ontario (COSEWIC
2010b, COSSARO 2010b). Bobolink is listed as Threatened under both SARA and the Ontario Endangered
Species Act. In Canada, the bobolink and its nests and eggs are protected under the Migratory Birds
Convention Act, 1994.
Bobolink is listed as a probable breeder for the Bruce nuclear site based on the observation of adults in
appropriate habitat during the breeding season (LGL 2002, Table 3.4) near the shooting range close to Bruce
A. Previous studies (e.g., Sheehan 1987; BRUCE POWER 2001, Appendix B) also noted that bobolink have
been observed in meadow marsh and cultural communities on the Bruce nuclear site, but do not specify the
location of the observations. The bioinventory work completed by LGL in 2001 included a breeding bird
survey location within the area identified for the DGR Project; however, bobolink were not observed at that
survey station (LGL 2002, Section 3.4.1 and Figure 3.5). Similarly, as shown in Table 5.7.1-1 of the
Terrestrial Environment TSD (GOLDER 2011) for the DGR Project, bobolink were not observed during
breeding bird surveys conducted in 2009. The main potential for the DGR Project to affect bobolink is through
the clearing of several hectares of cultural communities as part of the site preparation and construction phase
of the project. The cultural communities on the DGR Project Site are not preferred habitat for bobolink
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breeding. As described in the preceding paragraph, mortality of adults and nestlings due to vegetation
clearing during the breeding season (mid-May to mid-July) is a primary concern for the sustainability of this
species. Section 8.3.3 of the Terrestrial Environment TSD (GOLDER 2011) confirms that nesting migratory
birds will be protected by avoiding vegetation clearing during the breeding bird season of May 1st to July 31st)
whenever possible. If the site preparation activities cannot be scheduled to avoid this period, a nest survey
should be undertaken prior to any clearing work being initiated. Taking these factors into consideration, the
DGR Project is not expected to result in adverse effects on bobolink nesting activities.
Whip-poor-will
Whip-poor-will is a crepuscular-nocturnal insectivorous bird species, with a Canadian breeding range that
extends from east-central Saskatchewan to Nova Scotia. During winter, this species ranges generally from
Florida and along the U.S Gulf Coast into Mexico and northern Central America. In Ontario, the historical
range for whip-poor-will crosses the province eastward from the Lake of the Woods region in the west, with a
northern limit roughly following the north shore of Lake Superior, south to the American border and the lower
Great Lakes. Recent Atlas surveys (2001-2005) found few individuals in several isolated locations north of
that latitude (COSEWIC 2009). Once males arrive at the nesting grounds, they establish territories averaging
about five ha in size (range from 3 – 11 ha). Females lay eggs directly on leaf litter between late May and
early July. Whip-poor-will breeding habitat is not dependent on plant species composition, but on forest
structure. Common habitat choices include rock or sand barrens with scattered trees, savannahs, old burned
areas or other disturbed sites in the early stages of succession, or open conifer plantations. Individuals feed
in nearby shrubby pastures or wetlands with perches, and can be found along powerline and roadway
corridors. Whip-poor-wills avoid wide-open spaces and dense forests where light levels are decreased,
presumably because of the effect on foraging success for this visual insectivore. Small, isolated woodlands
also appear to be avoided (COSEWIC 2009).
Despite the apparent security of this species in Ontario (ranked S4B), comprehensive surveys have produced
data showing a significant decline throughout the geographic range of whip-poor-will (COSEWIC 2009). The
main causes of the decline in whip-poor-will numbers are not known, but it is speculated that habitat
loss/degradation, reduced availability of insect prey, increasing predation by predators such as racoons, and
the relatively high risk of mortality from vehicle strikes are contributing factors (COSEWIC 2009). Both
COSEWIC and COSSARO have assessed this species as Threatened in Ontario (COSEWIC 2009,
COSSARO 2010a). Whip-poor-will is listed as Threatened on Schedule 1 of the SARA, and this species and
its nests and eggs are protected under the Migratory Birds Convention Act, 1994.
Whip-poor-will has not been recorded as breeding within the perimeter fence of the Bruce Nuclear site (LGL
2002, Table 3.4); however, it probably breeds in the diverse habitat units located to the northeast beyond the
fenceline (i.e., off-site) (LGL 2002, Table 3.6). This species was also noted as occurring in coniferous, mixed,
and deciduous swamp habitat units in proximity to Bruce A (BRUCE POWER 2001, Appendix B) but its
breeding status was not determined. The bioinventory work completed by LGL in 2001 included a breeding
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bird survey location within the area identified for the DGR Project; however, whip-poor-will were not observed
at that survey station (LGL 2002, Section 3.4.1 and Figure 3.5) nor anywhere within the confines of the
perimeter fence. Similarly, as shown in Table 5.7.1-1 of the Terrestrial Environment TSD (GOLDER 2011) for
the DGR Project, no observations of breeding whip-poor-will were made during bird surveys conducted in
2009. In addition, habitat for breeding on the DGR Project site (small, fragmented forest units totalling 8.9 ha
as shown on Figure 5.4.1-1 of the Terrestrial Environment TSD (GOLDER 2011)) is considered relatively
unsuitable.
The potential for the DGR Project to affect whip-poor-will is mainly through the clearing of several hectares of
cultural vegetation and forest communities as part of the site preparation and construction phase of the
project that might be used as breeding and/or foraging habitat. Additionally, the tendency for this species to
rest along road shoulders at night (COSEWIC 2009) increases its vulnerability to strikes by DGR Projectrelated vehicles. Over a decade of biological inventory work, whip-poor-will has not been recorded as
breeding on the Bruce nuclear site as described in the preceding paragraph. Nevertheless, Section 8.3.3 of
the Terrestrial Environment TSD (GOLDER 2011) confirms that nesting migratory birds will be protected by
st
st
avoiding vegetation clearing during the breeding bird season of May 1 to July 31 ) whenever possible. If the
site preparation activities cannot be scheduled to avoid this period, a nest survey should be undertaken prior
to any clearing work being initiated. The survey method would follow protocols established by MNR for this
species. Further, the increase in project-related traffic is very small relative to existing traffic levels, and is not
expected to contribute to a meaningful increase in wildlife mortality through strikes as described in Section
7.3.1 of the Terrestrial Environment TSD (GOLDER 2011). Taking these factors into consideration, the DGR
Project is not expected to result in adverse effects on whip-poor-will nesting activities.
Plants
Dwarf lake iris (Iris lacustris) is a small perennial plant endemic to the Great Lakes basin. Its distribution is
restricted to the shorelines of Lake Michigan and Lake Huron, and is found only in Ontario within Canada.
The current Canadian range spans southern Bruce County north to Tobermory and along disjunct portions of
the south shore of Manitoulin Island (COSEWIC 2010c, COSSARO 2011b). This species grows on alvars,
dolostone bedrock shorelines, sand or gravel beach ridges, and in openings in conifer-dominated woodlands.
Most populations are found within 500 m of Lake Huron; however, some populations are known to occur up to
several kilometres inland. Dwarf lake iris blooms from mid-May to early June, but natural seed set is very low.
In many cases, colonies persist through only vegetative growth thereby contributing to low genetic diversity.
Threats resulting from human activity and natural or inherent limiting factors affect the survival of the species.
Threats include shoreline development and road construction, fire suppression leading to natural succession
rendering habitat unsuitable for dwarf lake iris, and trampling. Limiting factors include the inability to grow in
shade, apparent lack of insect pollinators, low genetic diversity, and low dispersal capability (COSEWIC
2010c). However, it should be realized that some human disturbance can support growth and dispersal of
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dwarf lake iris by controlling natural succession processes and maintaining suitable habitat.
Dwarf lake iris is listed as Threatened on Schedule 1 of the SARA as well as on Schedule 4 of the Ontario
Endangered Species Act (2007). Recent status assessments conducted by both COSEWIC (COSEWIC
2010c) and COSSARO (COSSARO 2011b) determined this species should be considered “Special Concern”.
Recent survey efforts undertaken to support the updated status assessments greatly increased the known
number of populations and number of plants, leading to the determination that the level of risk for this species
is lower than previously assessed (COSEWIC 2010c, COSSARO 2011b)
A review of available literature notes that two historic populations occurred within the vicinity of the Bruce
nuclear site (Inverhuron Provincial Park and Scott Point). These populations have not been confirmed despite
recent survey efforts (COSEWIC 2010c). Similarly, one record of dwarf lake iris occurring within the boundary
of the perimeter fence of the Bruce Nuclear site exists (BRUCE POWER 2001, Appendix A). As part of
bioinventory work undertaken in support of the Bruce A Units 3 & 4 Restart Environmental Assessment, this
species was recorded as occurring within a small patch of black ash swamp located immediately to the south
of Bruce A (BRUCE POWER 2001, Appendix A). No information on the number of stems present at the time
of observation is available.
In 2007, a botanist undertook a search effort for this species in potentially suitable habitats within and
adjacent to the Bruce nuclear site. No individual plants were identified during this recent survey, and it was
determined that habitat availability is restricted to the northeast side of the site in proximity to Baie du Doré
(BRUCE POWER 2008, Section 4.1.2.2).
Since vegetation clearing will be confined to the DGR Project site, and no plants or suitable habitat have been
identified in this specific area, no effects on dwarf lake iris populations in the Local Study Area are expected to
occur as a result of the DGR Project.
References:
BRUCE POWER. 2001. Terrestrial Environment Technical Support Document; Bruce A Units 3 & 4 Restart
Environmental Assessment. Prepared by Marshall Macklin Monaghan Ltd for Bruce Power.
BRUCE POWER. 2008. Terrestrial Environment Technical Support Document; Bruce New Nuclear Power
Plant Project Environmental Assessment. Prepared by Golder Associates Ltd for Bruce Power.
COSEWIC. 2004. COSEWIC assessment and update status report on the spotted turtle Clemmys guttata in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2007. COSEWIC assessment and update status report on the Eastern Hog-nosed Snake
Heterodon platirhinos in Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
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COSEWIC. 2008a. COSEWIC assessment and update status report on the Eastern Foxsnake Elaphe
gloydi, Carolinian population and Great Lakes/St. Lawrence population, in Canada. Committee on the Status
of Endangered Wildlife in Canada. Ottawa. (www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2008b. COSEWIC assessment and status report on the Snapping Turtle Chelydra serpentina in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2008c. COSEWIC assessment and update status report on the Western Chorus Frog
Pseudacris triseriata Carolinian population and Great Lakes/St. Lawrence – Canadian Shield population in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2009. COSEWIC assessment and status report on the Whip-poor-will Caprimulgus vociferus in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2010a. COSEWIC assessment and status report on the Queen Snake Regina septemvittata in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2010b. COSEWIC assessment and status report on the Bobolink Dolichonyx oryzivorus in
Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2010c. COSEWIC assessment and status report on the Dwarf Lake Iris Iris lacustris in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSEWIC. 2011. COSEWIC assessment and status report on the Barn Swallow Hirundo rustica in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
COSSARO. 2010a. Species At Risk: Great Lakes-St. Lawrence Forest. Updated September 29, 2010.
COSSARO. 2010b. COSSARO Candidate Species at Risk Evaluation Form for Bobolink (Dolichonyx
oryzivorus). Final (incorporating February 2011 Edits). June 2010.
COSSARO. 2011a. COSSARO Candidate Species at Risk Evaluation for Barn Swallow (Hirundo rustica).
Final. June 2011.
COSSARO. 2011b. COSSARO Candidate Species at Risk Evaluation for Dwarf Lake Iris (Iris lacustris).
Final. May 2011.
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Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
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Committee on the Status of Endangered Wildlife in Canada. Ottawa.

EIS-01-16



EIS
Guidelines:
Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Provide an assessment of how the Lake Huron coastal line would migrate in relation to the DGR site due to
geomorphologic changes in the future (e.g. before the next glaciation arrives) and how the coastal line change
would impact on the DGR, during the Normal Evolution Scenario.
Context:
In accordance with section 13.2 of the EIS Guidelines, “Long term assessment scenarios should be
sufficiently comprehensive to account for all of the potential future states of the site and the environment.”
Geomorphologic studies (e.g., Lewis et al, 2008) have shown that the coastal line of Lake Huron has been
going through constant geomorphologic changes in the past 10,000 or so years. It is essential to have an
understanding on how the trend will continue, even before the next glaciation arrives. The effect of the change
on the DGR project needs to be considered in the Normal Evolution Scenario, given that this scenario
represents the most likely long-term outlook.
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OPG Response:
The response is provided in two parts, a discussion of shoreline evolution processes and a discussion of
impacts on the DGR safety assessment results.
1. Shoreline evolution
Presently the DGR surface facilities are approximately 1 km inland and 10 m above the Lake Huron shoreline.
There are a number of factors that will influence the evolution of the shoreline.


Erosion - Erosion of shoreline is not expected to be significant in the near term (hundreds of years)
since the Lake Huron shoreline fronting the Bruce nuclear site consists of either beaches armoured
with cobbles and boulders or exposed bedrock (AMEC 2011, Section 3.3.7).



Global warming - The effect of global climate change on the lake level is not certain. Based on
several recent projections, the range in lake level is 0.5 m rise to a 1.5 m fall in the next 50-100 years
(AMEC 2011, p.46). These would cause the shoreline to move slightly farther away or slightly closer
towards the DGR site.



Glacial rebound - The weight of the ice during the previous glaciation caused continental-scale crustal
depression (Peltier 2011, Section 4.2.5). After the ice sheet melted, the crust has been slowly
rebounding, with the rate decreasing with time. In the Great Lakes region, the rebound rate is about
1.5 mm/yr (NWMO 2011, Section 2.2.7.1). The rate is slightly higher to the north, so that the northern
part of Lake Huron (e.g., Georgian Bay) is rising slightly faster than southern Lake Huron (e.g., Lake
St. Clair area). This could move the shoreline away from the site over thousands of years.



Climate change (glacial cycles) - The historical record indicates that there have been large
fluctuations (approximately +/- 50 m) in the Great Lakes’ water levels in the last 10,000 years as the
ice sheet retreated, due to natural climate changes (including an early Holocene dry climate), the
extent of ice sheet coverage, and glacial depression of the land (Lewis et al. 2008, Slattery 2011). As
illustrated in Figure 2.7 from Slattery (2011) (provided at the end of the responses to EIS IRs), these
changes have led to a range of lake shorelines, from several kilometres distance from the site, to the
site being fully covered. If glaciation resumes in the longer term (tens of thousands of years), the lake
shoreline would initially move away from the DGR site as the climate became cooler and drier.
Eventually it would be covered by an ice sheet, land or water as the ice sheet advanced or retreated
across the site. Peltier (2011, Section 4.2.4) provides estimates of lake depth at the repository site
over the course of a glacial cycle.

2. Influence of lake shoreline changes on DGR safety assessment
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The postclosure impacts for the Normal Evolution and Disruptive Scenarios are primarily based on an
assumed self-sufficient farming family living on top of the repository site, and extracting water from a well
located downstream from the repository. This family obtains fish from the near-shore region of the lake. In
the model, the shallow groundwater system (Bass Island Formation and above) discharges into the nearshore of the lake after a transit of about 1 km, the current horizontal distance to the shoreline. This is less
than the likely distance at which these formations intercept the lake bottom, but this maximizes potential dose
as there is less dilution in the near-shore region.
If the shoreline were further away, the well-based receptor exposure model would still apply. The reference 1km transport assumption for shallow groundwater-to-lake would become more conservative. There would be
little effect on calculated doses as the lake water exposure is a minor pathway compared with the well water
pathway.
If the shoreline were much closer to the site, the family would be more likely to extract water from the lake
rather than the well. Contaminants would be dispersed within the lake and would have overall more dilution
relative to the reference farmer model using a well. This would result in a lower dose than presently
calculated.
If the repository site was fully covered by the lake, there would be no possibility of living on top of the
repository. Contaminants would also be dispersed within the lake and would have overall more dilution
relative to the reference self-sufficient farmer model. In this circumstance the dose consequence would be
lower than calculated for the reference case.
The assessment also considers a future periglacial (cold) climate state associated with glacial cycles. In this
case, the shoreline is assumed to be some distance from the site, with groundwater discharge into a nearby
stream. The receptor in this case still uses a well for domestic water and some garden crops, but uses less
irrigation water as the climate is not suitable for general agriculture. Fish are obtained from the local stream,
as well as the lake. This alternative climate state results in about 3-4 time higher dose than those calculated
from the reference case temperate biosphere, but it remains many orders of magnitude smaller than the dose
criterion (Quintessa et al. 2011, Section 7.3.2.11).
Therefore, the receptor model for assessing impacts is appropriate and sufficiently conservative to account for
changes in the lake shoreline relative to the DGR site.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada.
Lewis, C.F.M, P. Karrow, S. Blasco, F. McCarthy, J. King, T. Moore and D. Rea. 2008. Evolution of lakes in
the Huron basin: deglaciation to present. J. Aquatic Ecosystem Health & Management 11(2), 127-136.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
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R000. Toronto, Canada.
Peltier, W. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report NWMO
DGR-TR-2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.
Slattery, S. 2011. Neotectonics Features and Landforms Assessment. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-19 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

96

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Note: (a) Paleodrainage outlets related to the Lake Huron Basin. Arrows indicate direction of outflow. Outlets: F – Ft. Wayne, G – glacial Grand River, I – Indian River
Lowland, IN – Imlay City-North Branch, M – Mohawk, N – North Bay, P – Port Huron, T – Trent Lowland, U – Ubly. Other letters indicate: B – Bruce Peninsula, C – Cockburn
Island, D – Drummond Island, GB – Georgian Bay, Mn – Manitoulin Island, SC – Lake St. Clair, LS – Lake Simcoe and T – Michigan’s “thumb”. (b) Maximum areal extent of
Lake Warren (210 m). D – Detroit, F – Forest, G – Goderich and TC – Tawas City. (c) Maximum aerial extent of early glacial Lake Algonquin and Schomberg. Letters refer to
GB – Grand Bend, K – Kirkfield, LS – Lake Simcoe, LSg – Lake Schomberg, L – Lindsay, N – Newmarket, P – Palgrave, Pe – Peterborough and PH – Port Huron. (d) Areal
extent of Main Lake Algonquin (184 m). Letter symbols: An – Alliston, K – Kirkfield, M –Mackinac Island, NB – North Bay, SJ – St. Joseph Island, So – Southhampton, SSM –
Sault Ste. Marie and Su – Sudbury. (e) Lakes Stanley (~45 m) and Hough. Letter symbols: GB – Grand Bend, Mn – Manitoulin Island, NB – North Bay, P – Petawawa, SJ –
St. Joseph Island, So – Southhampton (modified from Eschman and Karrow 1985).

Figures (b) to (e) show several lake boundaries in the Lake Huron Basin as the ice retreated after last glacial maximum. Eventually subsequent to
Figure (e), the basins filled to their present level, with outlet through Lake Erie and Lake Ontario.
Figure 2.7 (associated with IR-EIS-01-16). Ancestral Lakes of the Lake Huron Basin (Slattery 2011)
EIS-01-17



EIS
Guidelines:
Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Assess the impact of future glaciation cycles on the groundwater regime with the presence of the repository,
shafts, seals and associated zones disturbed through excavation.
Context:
The EIS Guidelines, section 13.2, requires that the anticipated evolution of the repository has to be supported
by a combination of expert judgement, field data, and also mathematical models. Glaciation cycles are
expected to occur during the lifetime of the DGR, and mathematical modelling should be performed to assess
their impact on the flow regimes around the repository, and verify that contaminant transport would remain
diffusion-dominant. Currently, the proponent concludes that the effects of glaciations at the depth of the
repository would be unimportant based on arguments derived from field data and mathematical modeling.
However the above arguments are applicable for the geosphere without the presence of the deep geological
repository.
OPG Response:
The potential effects of glaciation on the repository are assessed through various analyses within the
Geosynthesis (NWMO 2011) and Postclosure Safety Assessment (SA) (Quintessa et al. 2011). The key
results are:


Evidence gathered during site specific investigations with respect to physical and chemical
hydrogeology strongly suggests that solute migration within the proposed hosting and enclosing
Ordovician formations is diffusion controlled. This condition has likely existed for geologic periods of
time that extend beyond the Quaternary (2.53 Ma), during the latter half of which the site was
perturbed by nine glacial cycles (Geosynthesis, Sections 4.5 and 5.4.10).



Geomechanical numerical simulation (Geosynthesis; sections 6.4.4 and 6.4.5) provides evidence that
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the DGR shaft Excavation Damaged Zone (EDZ) and seals are not materially influenced by glacial
loading (Geosynthesis Section 6.4.3.4). As a conservatism in the postclosure SA, the EDZ geometry
along the entire shaft was assumed consistent with worst case (maximum extent) predicted in the
Cabot Head Formation (Geosynthesis, Figure 6.17).


Geomechanical numerical simulation (Geosynthesis, Section 6.4.6) of the unbackfilled repository
openings indicate that the vertical displacement due to glacial loading are sufficiently small such that
fracturing of the overlying Ordovician shale cap is unlikely to occur. All damage remains confined
within the host Cobourg Formation. The postclosure SA model assumed the maximum extent of
rockfall from the geomechanical models, and assumed that this rockfall occurred immediately after
closure.



Paleohydrogeologic simulations of ice-sheet advance and retreat across the Bruce site strongly
suggest that the deep groundwater system, as it exists today, is materially unaffected and that the
system remained diffusion dominant (Geosynthesis, Section 5.4.6 and 5.4.10).



Postclosure safety modelling of the effects of various assumptions about the behaviour of the
repository with degraded shaft seals showed that relevant criteria were not exceeded. The cases
considered included instant resaturation of the repository (NE-RS), higher permeable shaft EDZ (NEEDZ1), and failed shaft seals (SF-BC). In all cases, the degraded conditions were assumed to occur
at closure. The potential damage to the repository or shafts due to glacial loads would be
represented by these cases, but would occur much later in time. In the Normal Evolution (NE) cases,
the maximum calculated dose remained many orders of magnitude below the dose criterion (Section
8.8.2.11, PSR). In the Shaft Seal Failure base case (SF-BC), the peak dose to a person living directly
above a repository shaft was estimated at about 1 mSv/yr, assuming the shaft seals were degraded
at closure (Section 8.7.2, PSR). If the shafts failed as a result of glaciation, then the dose would be
less due to decay - in particular, for failure due to ice sheet coverage of the site in 60,000 years,
radioactive decay of C-14 would reduce this dose by at least two orders of magnitude.



The postclosure safety assessment considered the effects of removing 100-m of surface rock due to
glacial erosion. This case was modelled by assuming that there was no Shallow Bedrock
Groundwater Zone, and all of the radionuclide flux from the Intermediate Bedrock Groundwater Zone
was intercepted by a well used by a self-sufficient family living at the site in the future. The case
results in an approximate two order of magnitude increase in the maximum calculated dose compared
with the Reference Case, but still remains many orders of magnitude below the dose criterion
(Section 8.8.2.11, PSR).

These results, presented in the PSR and further documented in the Geosynthesis and Postclosure Safety
Assessment, provided evidence that the natural barriers and proposed DGR concept would provide long-term
passive isolation and containment of the waste even under glacial cycling conditions.
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Subsequent to the submission of the PSR, additional calculations have been performed. As per the
Information Request, these explicitly include the effect of glaciation on groundwater and gas transport in and
around the repository, including the presence of the repository, the shaft, seals and EDZ. The results from
these calculations show that the effect on groundwater flow and gas transport around the repository due to
glaciation are minimal. Details are given in the enclosed NWMO document (NWMO 2012).
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada.
NWMO. 2012. OPG DGR: Glaciation Analysis. NWMO Technical Memorandum DGR-TM-03640. Toronto,
Canada. (enclosed)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment Report. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.

EIS-01-17a



(Supplementary
response
submitted on
July 10, 2012 as
a result of the
clarification
meeting with
CNSC on May
1, 2012)

EIS
Guidelines:
Section 13.2,
Selection of
Assessment
Scenarios

OPG Supplementary Response:
A detailed response to the above question has been provided through an update to the Technical
Memorandum provided with the original OPG response to EIS-01-17. This updated (R1) Technical
Memorandum is enclosed.
The updated document includes results from two verification cases, including Terzaghi’s consolidation
problem. It also includes results for a new glaciation case with a low porewater pressure under the ice sheet.
The results show that the T2GGM code correctly implements the 1-D coupled HM model, and that the DGR
provides effective isolation and containment under an ice sheet.
Reference:
Avis, J. and R. Walsh. 2012. OPG DGR: Glaciation Analysis. NWMO Technical Memorandum DGR-TM03640 R1. Toronto, Canada. (enclosed)

EIS-01-18



EIS
Guidelines:
Section 13.4,
Confidence in
Mathematical
Models

Information Request:
Provide peer review summaries from the Geoscience Review Group, the Design Technical Review Group,
and the International Review Group for Safety Assessment. These summaries should contain the overall
conclusions of the Review Groups, their recommendations, and a description of how the proponents
addressed those recommendations.
Context:
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CNSC
Regulatory
Guide G-320:
Section 4.3.3
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Peer review is an important process in building confidence in the safety assessment and the safety case, as
mentioned in both the EIS Guidelines and in CNSC Regulatory Guide G-320. Although the proponent
mentioned peer review by the Geoscience Review Group, the Design Technical Review Group, and the
International Review Group for Safety Assessment, no summaries from the above groups regarding their
main findings have been submitted; nor is any information provided on how the proponent considered the
findings.
OPG Response:
The final reports containing the overall conclusions, comments, and recommendations of the independent
review groups, as well as the responses to their comments and recommendations are enclosed as follows:
Geoscience Review Group:


Final Report:
GRG Letter, Delay, J., A. Gautschi, D. Martin and F.J. Pearson to M. Jensen, “Final Report on
Activities of Geoscience Review Group” (with attachment: Site Characterization for a Bruce Nuclear
Site DGR Final Report on 2005 - 2010 Activities), April 22, 2011.



DGR Project Response:
NWMO Letter, M. Jensen to F.J. Pearson, “Ontario Power Generation's Deep Geologic Repository for
Low & Intermediate Level Waste - Geoscience Review Group's Final Report on Activities 2011”,
November 4, 2011.

Technical Review Group:


Final Reports:
Medd, M., B. Smyth, W. Seidler, E. Hoek and P. Tiley. 2009. TRG Review of Preliminary
Engineering Phase I, Deep Geological Repository Project.
Medd, M., B. Smyth, E. Hoek, D. Martin and P. Tiley. 2010. TRG Review of Preliminary Engineering
Phase I, Deep Geological Repository Project.



DGR Project Disposition:
NWMO. 2012. OPG DGR: TRG Reviews of Preliminary Design for Deep Geologic Repository –
Documentation of Comment Resolution. NWMO Technical Memorandum DGR-TM-01530.

International Peer Review Team:
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Final Report:
Hickford, G., P. De Preter, P. Smith and J. Talandier. 2010. OPG’s Deep Geologic Repository for
Low & Intermediate Level Waste: Postclosure Safety Assessment. International Peer Review Report.



DGR Project Response:
NWMO Letter, P. Gierszewski to P. De Preter, M. Kelly/G. Hickford, P. Smith and J. Talandier, “Peer
Review of the OPG DGR Postclosure Safety Assessment”, October 25, 2011.

EIS-01-19



EIS
Guidelines:
Section 13,
Long-Term
Safety of the
DGR

Information Request:
Assess the implication of the reduced volume and discontinuous nature of the repository created by the
access tunnel closure walls on gas generation and migration.
Demonstrate that the model assumption of waste homogeneity and uniform distribution across the panel, and
subsequent application of repository averaged values for gas impact and transport modelling, captures effects
of localized pressures and concentrations that may develop as a result of uneven waste distribution (along
with reduced/restricted volumes created by access tunnels).
Context:
Gas generation and transport modelling is used to evaluate source term pressures and concentrations that
influence contaminant migration in and around the repository mainly for post-closure safety assessment. The
gas generation model does not take into account the presence of closure walls in the repository that will serve
as a barrier to gas flow; the repository has been modelled as a contiguous void space. The Post Closure
Safety Assessment indicates that the purpose of the closure walls, which consist of thick concrete walls to be
placed in the access tunnels (up to six walls may be required), is to isolate parts of the repository to limit the
release of gases and any potentially contaminated water during the operational period; they are not designed
to provide any long-term postclosure isolation and containment.
The gas modelling also does not take into account spatial differences in waste composition; the model
assumes that the waste composition is spatially homogeneous.
The post-closure safety assessment needs to assess the impact of access barriers on gas generation and
migration. The analysis should also demonstrate that the repository averaged values used for gas modelling
and impact effectively capture elevated pressures or concentrations that may develop from spatial differences
in waste composition and/or reduced volumes.
OPG Response:
1. Background
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The DGR design calls for construction of six closure walls in the access tunnels and ventilation drifts to isolate
a group of emplacement rooms during the operations (see Figure 1 below):
 Panel 1a Rooms 1 to 5
 Panel 1b Rooms 6 to 14
 Panel 2 Rooms 1 to 17.

indicates a closure wall.

Figure 1: Proposed Locations of the Closure Walls in DGR
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Although the physical/chemical barrier presented by the closure walls is not represented in the postclosure
gas generation and migration models (Geofirma and Quintessa 2011, Quintessa et al. 2011), the closure wall
volume has been taken into account when calculating the overall volume of the repository and the amount of
concrete and steel in the repository that is used in the postclosure gas calculations (see Tables 4.5, 4.8 and
4.9 of Quintessa and Geofirma 2011).
The wastes are separated into three panels by concrete closure walls. Once installed, these walls are
designed to be tight during the preclosure operating phase. However, in the postclosure safety assessment,
concrete walls are assumed to degrade in the long term. Consequently, these closure walls do not represent
a significant long-term barrier to gas or water movement within the repository. In addition, the surrounding
more permeable damaged rock zone (see Section 5.2 of Quintessa and Geofirma 2011) would allow the
closure walls to be by-passed (these may be grouted at the closure wall locations, but would still be more
permeable than the far-field rock). (The emplacement rooms may have end walls, but are not fully closed.)
Consequently, gas can diffuse freely across the repository in the postclosure gas generation and migration
model.
Ignoring the panel closure walls is conservative with respect to long-term contaminant transport as it allows
contaminants to reach the shaft bases more easily. This is relevant since the (sealed) shafts are the main
pathway for contaminants to leave the repository. Ignoring the panel closure walls is also conservative
because it allows any water that migrates down the shafts to directly reach the wastes and support
degradation and radionuclide release.
However, if the closure walls were to remain gas tight in the long term (i.e., beyond several decades), they
would separate the repository into different domains of waste and available void volume. These differences
could in principle lead to higher gas pressures in a panel with more gas-generating wastes per available void
volume than in an undivided repository, if the rock damaged zone does not allow effective by-passing of the
walls. This potential has been assessed and shown not to be a concern. The assessment is described
below.
First, it is assumed that the panel closure walls remain gas tight indefinitely, and simple analytical models are
used to estimate the peak gas pressures in each of the three panels, taking into account the reference waste
distribution between the panels and the panel volumes. This provides a bound on the potential heterogeneity
effect. Second, the rate of gas permeation across the concrete walls is calculated as a function of gas
pressure, and compared with the gas generation rate from waste degradation. It is shown that this gas
permeation rate is sufficient to maintain pressure differences between panels within modest ranges.
2. Estimated Peak Gas Pressures in Panels Isolated by Closure Walls
Simple calculations, similar to Appendix B.1 of Geofirma and Quintessa (2011), were performed to estimate
the peak gas pressure in repository sections, which are separated by closure walls. Calculations are
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presented in Table 1 for two gas generation cases: anaerobic corrosion and degradation with methanogenic
reactions, and corrosion only with no microbial activity. In both cases, sufficient water is assumed available to
support the reactions.
Table 1: Estimated Peak Gas Pressure for Preliminary Design for Rooms Isolated by Closure Walls
Peak Gas Pressure (MPa)
Panel
Anaerobic Corrosion & Degradation
No Microbial Activity with Methanogenic Reaction
Corrosion Only
Panel 1a, Rooms 1 to 5
5.8
8.3
Panel 1b, Rooms 6 to 14
5.5
8.7
Panel 2 , Rooms 1 to 17
9.3
9.4
Panel 1 & 2 connected
6.9
8.6
Table 1 shows that the peak gas pressure is higher in Panel 2 when isolated by gas-tight closure walls, than
compared to a homogenized repository. This is because of the uneven waste distribution in the repository.
The gas generating potentials for isolated repository sections are given in Table 2. Panel 2 has the highest
gas generating potential, because it contains most of the LLW, which have more cellulose, plastics/rubbers
and metals, and metal containers. These gas generation rates are the maximum rates.
Table 2: Maximum Gas Generation Rates for Isolated Sections of the DGR
Gas Generation Rate
Gas Generation Rate
(Molar Basis)
(Mass Basis)
Panel 1a Rooms 1 to 5
1.7E-03 mol/s
1.5E-05 kg/s
Panel 1b Rooms 6 to 14
2.6E-03 mol/s
3.8E-05 kg/s
Panel 2 Rooms 1 to 17
9.7E-03 mol/s
1.5E-04 kg/s
3. Estimated Gas Flow Rates through Closure Walls
As illustrated by Table 1, if the closure walls are fully gas tight, there would be some differential gas pressure
produced in different panels. This pressure difference would lead to gas permeation through the closure walls
and the surrounding excavation damaged zone and near-field rock. In the following analysis, the rate of gas
permeation through the concrete closure wall alone is calculated as a function of differential gas pressure and
concrete permeability. (Gas permeation rate would be significantly higher including the damaged rock zone
and the surrounding host rock.) This permeation rate is then compared with the maximum gas generation
rates from Table 2, to estimate the maximum pressure difference that could be maintained by intact closure
walls.
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For the Normal Evolution Scenario Reference Case, and most other cases analysed, the repository is
essentially dry for the assessment time frame (and in particular for the shorter period relevant to C-14 in gas).
Therefore, the gas flow through the closure wall is analysed as single (gas) phase. For the estimate below,
the properties of methane gas were used as this is expected to be the dominant gas at long timeframes.
When the gas entry pressure through the concrete is exceeded, gas can then flow through the closure wall.
Depending on the type and condition of concrete, the gas entry pressure through concrete varies from few
tens of kPa to 5 MPa (Table 4.29 of Quintessa and Geofirma 2011 using 1/). To estimate the mass flow of
gas through the closure wall, the 1-D Darcy flow equation can be written as (Section B.2 of Geofirma and
Quintessa 2011):
(1)
where
Qgas
mgas
P
dP
dl
T
k
krg
µ
A
R

=
=
=
=
=
=
=
=
=
=
=

gas flow
(kg/s)
molar weight of gas
(kg/mol)
average gas pressure on the both sides of the closure wall (Pa)
gas pressure difference between both sides of the closure wall (Pa)
thickness of the closure wall
(m)
temperature
(K)
intrinsic permeability
(m2)
relative gas permeability
(-)
gas viscosity
(Pa s)
flow area
(m2)
gas constant
(J/(K mol))

krg is calculated from the following equations (Section 4.7 of Quintessa and Geofirma 2011):



1m
k rg  (1  Sek )1 3 1  Sek

S ek 
where
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Sl
Slr
Sgr
m

=
=
=
=

liquid saturation
(volume ratio)
residual liquid saturation
(volume ratio)
residual gas saturation
(volume ratio)
a van Genuchten fitting parameter
(unitless)

Slr , Sgr, and m are taken to be 0.2, 0.1 and 0.5 respectively (Table 4.28 of Quintessa and Geofirma 2011).
With initial water saturation of 0.5 in concrete (Section 4.7.5 of Quintessa and Geofirma 2011), krg is estimated
to be 0.68.
Values used in the calculations are given in Table 3. The key parameters are intrinsic permeability, relative
gas permeability, surface area of the concrete closure wall, thickness of the closure wall, the pressure
difference and average gas pressure. The permeability values were based on undegraded and degraded
structural concrete hydraulic conductivity of 1x10-10 and 1x10-8 m/s respectively (Table 4.22 of Quintessa and
Geofirma 2011).
The estimated mass gas flow through the concrete walls is given in Table 4 for a range of average gas
pressure and pressure difference for undegraded and degraded concrete walls. These rates can be
compared to the gas generation rates (Table 2) to see how strongly the closure walls impede gas flow.
Due to the higher LLW inventory in Panel 2, it is expected that gas generation will be higher in this panel. The
results indicate that closure walls would allow sufficient gas flow out from this panel such that the pressure
difference would not exceed about 1 MPa across the closure walls at absolute gas pressures of around 5-8
MPa. This calculation also did not take into account the gas flow through the damaged rock zone around the
concrete, which would further reduce the maximum pressure difference.
Table 3: Gas Flow Parameters through Concrete Closure Walls
Parameter

Value

Unit

Source

mgas
R
T
k (undegraded)
k (degraded)

0.016
8.314472
295
1.2E-17
1.2E-15

kg/mol
J/(K mol)
K
m2

molecular weight of methane

krg

0.68
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Table 6.8 of Quintessa et al. (2011)
Based on hydraulic conductivity of undegraded and
degraded structural concrete (Table 4.22 of Quintessa
and Geofirma 2011). Hydraulic conductivity (m/s) is
divided by a factor of 8.6E6 /m/s to obtain permeability
(m2).
See calculation above.
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µ

1.12E-05

Pa s

methane CRC (1992)

A

60

m2

l

20

m

Sum of cross-sectional area of the access tunnel and the
return air drift (Table 4.3 of Quintessa and Geofirma
2011)
Figure 6-30 of the PSR

Table 4: Estimated Gas Flow Rate through Concrete Closure Walls
Undegraded Concrete (Permeability of 1.2E-17 m2):
Pressure
difference
(MPa)
0.1
1
4
0.1
1
4
0.1
0.2
0.1
1
4
0.1
1
4
0.1
0.2

Gas flow rate through the
closure walls (m3/s)

Average gas
pressure (MPa)

Mass gas flow rate through
the closure walls (kg/s)

2.2E-07
2.2E-06
8
8.7E-06
2.2E-07
2.2E-06
5
8.7E-06
2.2E-07
1
4.4E-07
Degraded Concrete (Permeability of 1.2E-15 m2):
2.2E-05
2.2E-04
8.7E-04
2.2E-05
2.2E-04
8.7E-04
2.2E-05
4.4E-05

4. Conclusions
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5

1

1.1E-05
1.1E-04
4.6E-04
7.1E-06
7.1E-05
2.9E-04
1.4E-06
2.9E-06
1.1E-03
1.1E-02
4.6E-02
7.1E-04
7.1E-03
2.9E-02
1.4E-04
2.9E-04
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The impact of the closure walls on the gas transport and consequence was assessed. Localized gas
pressures and concentrations could develop as a result of the uneven waste distribution and use of closure
walls isolating the panels and minimizing the volume available for gas to that in each panel. In particular, a
higher pressure could develop in Panel 2 because of its larger amount of LLW, assuming the closure walls
are gas-tight and the rock damaged zone does not act as high permeability pathway.
However, the maximum pressure difference between panels would be limited by gas permeation across the
closure walls. The 1-D Darcy flow equation was used to estimate the gas permeation rates through the
closure walls between two panels due to a gas pressure difference. These gas permeation rates were
compared to the gas generation rates. The results show that even an undegraded closure wall would allow
sufficient gas movement when the gas pressure on the higher pressure side reaches 5-8 MPa and the
pressure difference is around 1 MPa across the closure walls. Higher differential pressures would not be
possible; lower differential pressures are likely, taking into account some degradation of the concrete closure
walls as well as the presence of the damaged rock zone.
Therefore, considering the slow rates of gas generation, there would be sufficient gas permeation through and
around the closure walls to homogenize the gas pressures across the repository over the thousands of years
relevant to the buildup of gas pressure.
References:
CRC. 1992. CRC Handbook of Chemistry and Physics, 73rd edition, p.6-164. CRC Press, Ann Arbor, USA.
Geofirma and Quintessa. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd.
and Quintessa Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Quintessa and Geofirma. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.
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EIS
Guidelines:
Section 13,
Long-Term
Safety of the
DGR

Information Request:
Provide the degree of conservatism used in the scenarios considered in Postclosure Safety Assessment and
Preliminary Safety Report, and supporting rationale.
Context:
It is not clear if the uncertainties and the necessary conservatism in the radionuclide inventory have been
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carried into the postclosure safety assessments and preliminary safety report. The documentation should
provide reasonable assurance that the regulatory radiological dose limit for public exposure (currently
1 mSv/a) will not be exceeded.
The uncertainties arising from direct measurements and the use of scaling factors, used fuel ratios and
neutron activation calculations and from the apparent inconsistencies in the reported inventories have been
highlighted in proposed IR #s 6 and 7.
The Postclosure Safety Assessment includes scenario NE-IV, having 10 times the radionuclide inventory.
This is intended to compensate for the uncertainty in estimating the radionuclide inventory, but it is not clear
whether that is sufficient to compensate for the uncertainty in most estimates of radionuclide inventory, the
inconsistencies in reporting the inventory estimates and the uncertainties in future generation rates. Further,
it is not specified for the other scenarios, what degree of conservatism was used to account for uncertainty.
OPG Response:
First, as described in the responses to IR-EIS-01-05, IR-EIS-01-06, IR-EIS-01-07 and IR-EIS-01-08, there is a
reasonable basis behind the inventory estimates. There is also further waste characterization underway
which will improve on this basis.
Second, it is emphasized that reasonable assurance that the dose limits are not exceeded, given the
uncertainties in the assessment, is provided through the overall approach including consideration of both
likely and unlikely scenarios, as well as various conservatisms in models and data. See Section 8.6.2.7 of the
Preliminary Safety Report (PSR) for discussion of the calculation cases (especially Figure 8-15) and
assumptions (Table 8-7).
Important conservative assumptions in the Normal Evolution Scenario assessment are:







Containers are not credited for any barrier effectiveness.
Nutrients and microbes are assumed present in sufficient amounts to fully support waste degradation.
The high salinity is not assumed to limit microbial activity within the repository.
Wastes are assumed to completely degrade so as to maximize the production of gas, which is an
important potential C-14 release pathway.
In most calculations, sufficient water is assumed available to support degradation reactions, even if
that is inconsistent with the calculated water supply rate. (Faster degradation means earlier
radionuclide release and gas generation.)
Radionuclides are all released to gas or water. Subsequent incorporation of key radionuclides, in
particular C-14 and Cl-36, into minerals within the repository concrete or the surrounding carbonate
rock is not credited (some C-14 is incorporated into FeCO3).
A permeable pathway is assumed to exist from the wastes to the base of the shaft, along the access
tunnels and past the concrete monolith.
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In many calculations, a vertically upwards steady hydraulic head gradient to surface is assumed to
exist at the site (i.e., the measured Ordovician underpressure is ignored).
Impacts are calculated for a person assumed to be living directly on top of the repository in the future,
growing local food and getting water from a local well. This maximizes the calculated impacts by
several orders of magnitude compared to someone living off site.

Other scenario-specific conservative assumptions are adopted for each Disruptive Scenario. These are
summarized in the PSR, Section 8.7 with the discussion of each scenario.
With respect to the radionuclide inventories in particular, the basis for these is described in the Reference
Inventory report (OPG 2010) and summarized in Chapter 5 of the PSR. This is composed of information on
wastes presently stored at WWMF and projections for future wastes from the continued operation and
refurbishment of the OPG-owned reactors. Confidence in this projection comes in part because about half of
the wastes are already in storage at WWMF, and the waste generation rates are relatively predictable based
on past history and planned refurbishments.
The Reference Inventory report (OPG 2010) provides an estimate for the total DGR inventory of over 50
radionuclides with half-lives of about one year or longer that have been measured in the wastes. The
reference inventory is a best-estimate. It is not specifically intended to be conservative, although some
aspects are conservative.
The DGR inventory is the sum of a large number (about 50,000) of waste packages, representing a range of
different wastes. While there is significant variability in the radionuclide content between individual waste
packages, there is much less uncertainty in the total inventory as it is the sum of thousands of individual
packages. (Statistically, the Central Limit Theorem indicates that the uncertainty in the total inventory
0.5
decreases as 1/N when the number of packages N is large.) It is this total inventory that is relevant to the
postclosure safety assessment.
Furthermore, as the postclosure safety analysis indicates, most of the radionuclides are negligible in terms of
potential impact. The radionuclides with the largest potential for release and impact are C-14, Cl-36, Ni-59,
Zr-93, Nb-94 and I-129. These radionuclides are reasonably well known - the basis for confidence in the
values for these important radionuclides is provided in the response to IR-EIS-01-06.
However the uncertainty all the radionuclide inventories has not been quantified at present. Therefore, the
assessment has used the best-estimate reference inventory for most calculations. The results of case NE-IV
(Section 8.8.2.2 and Figure 8-56, PSR) are important because they show that the peak dose rates are directly
proportional to the radionuclide inventories - if all the inventories are 10 times higher than the reference
inventory, the peak dose rate would increase by a factor of 10. If the inventories are higher or lower, the peak
dose rate would change by a similar amount.
While the exact inventory is uncertain, it is still possible to provide reasonable assurance that the radiological
dose criteria will not be exceeded. This is based in part on the other conservatisms noted above, plus also
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the conclusion from the postclosure safety assessment. In particular, the likely impacts from the DGR (i.e.,
the Normal Evolution Scenario) are more than 6 orders of magnitude below the CNSC dose limits (Figure
8-56 of the PSR), and for the very unlikely Disruptive Scenarios, the risk remains well below the risk criteria.
That is, there is a large safety margin. The uncertainty in the inventories in the important radionuclides is
much less than this safety margin.
During DGR operations, an updated current inventory of waste volume and total radioactivity stored at the
DGR will be provided on a quarterly or annual basis, similar to the quarterly reports presently issued by the
Western Waste Management Facility to the CNSC. Closure of the repository will require a future
decommissioning licence, and will be based on knowledge of the actual wastes that had been received.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003-R003. Toronto, Canada.

EIS-01-21





EIS
Guidelines:
Section 13,
Long-Term
Safety of the
DGR

Information Request:
Provide a detailed review of the international literature on expected microbial effects (features, events and
processes) in gas generation and corrosion processes in a deep geological repository setting for low and
intermediate level waste in order to assess the appropriateness of how microbial effects have been modeled
and quantified for the DGR project.
Context:

CNSC
Regulatory
Guide G-320:
Section 6.2.1

Due to the presence of considerable organic matter in wastes, microbial processes will account for a
significant proportion of the gas generation that will occur in the repository through both the degradation of
organic matter and through enhanced corrosion of metals. For scenarios that could result in releases of
contaminants to the surface environment within about 60,000 years of closure, C-14 (mostly from
intermediate-level waste moderator resins) is the key radionuclide, largely generated from methane and
carbon dioxide by microbial processes.
A full understanding of microbial processes (known and possible) and confidence in the levels of
conservatism incorporated into gas modeling is fundamental to the safety case.
Presently, in the submitted documentation, there is very little data or review/discussion on microbes and their
complex roles in gas generation and corrosion processes in a repository setting (e.g. Small et al. 2008). In the
DGR site-specific context, there is only brief reference to the preliminary experiments of Stroess-Gascoyne
(2008) in the documentation. The EIS recognizes the importance of microbial processes in modeling
contaminant releases, but it fails to inform the reader of what has been discovered or inferred for analogous
situations. For an example, see Humphreys et al. (2010). This major review was prepared for the Nuclear
Decommissioning Authority in the United Kingdom for high level waste, but contains considerable information
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on geomicrobiology of general relevance to repository issues.
The need for this type of information is critical in a site-specific context, given the location of the repository in
sedimentary rocks, and the clear biogenic signature of microbial activity (methane and stable isotope
signatures) near the proposed location of the repository (see section 4.4.3 in the Geosynthesis Report).
These issues should be thoroughly discussed in the EIS, based on site-specific data and/or analogy and
extrapolation from other situations.
OPG Response:
An up-to-date review of the international literature on relevant microbial processes is provided in the enclosed
report (Humphreys 2011), which draws on recent international reviews in this area, such as
Humphreys et al. (2010).
Humphreys (2011) provides an update of the detailed description of the key microbial processes and their
modelling within the DGR, as provided in the Postclosure Assessment: T2GGM Version 2 Gas Generation
and Transport Code report, Section 4 (Quintessa and Geofirma 2011).
The microbial model used in the DGR is consistent with those used in the UK L&ILW program, as described in
the Humphreys et al. (2010) review for the UK Nuclear Decommissioning Authority. The model has been
compared with experimental data for gas production from L&ILW. For example, Small et al. (2008)
summarize a gas generation experiment underway for several years in a L&ILW repository in Finland. The
DGR model is compared with this experiment in the T2GGM Code report, Appendix B (Quintessa and
Geofirma 2011). The DGR gas generation model has also been presented to peers in technical conferences,
including the 12th International Conference on Environmental Remediation and Radioactive Waste
Management (Suckling et al. 2009) and the Geological Disposal of Radioactive Waste: Underpinning Science
and Technology for Radioactive Waste conference (Humphreys et al. 2011).
The reference DGR microbial model adopts several simplifications that provide a conservative representation
of microbial activity leading to waste degradation and gas generation within the repository:






all nutrients other than carbon and water are assumed available;
all relevant microbial groups are assumed to be present in the repository;
microbes are assumed active in spite of high groundwater salinity, dissolved metals and possibly high
alkalinity;
it is assumed that microbes are active in unsaturated regions, i.e., there is enough humidity; and
organic degradation reactions proceed to gas generation, i.e., there is no significant carbon in
intermediate solid or soluble species.

References:
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Humphreys, P. 2011. Conceptual Basis of the Microbial Aspects of the GGM Model. Prepared for Nuclear
Waste Management Organization. Quintessa Technical Report QRS-1335B-TR1, Version 1.0. Henley-onThames, United Kingdom. (enclosed)
Humphreys, P.N., J.M. West and R. Metcalfe. 2010. Microbial Effects on Repository Performance. Prepared
for UK Nuclear Decommissioning Authority. Quintessa Report QRS-1387Q-1, Version 3.0. Henley-onThames, United Kingdom.
Humphreys, P.N., P. Suckling, F. King, J. Avis and N. Calder. 2011. Modelling Gas Generation in Deep
Geologic Repository for L&ILW. Presented at Geological Disposal of Radioactive Waste: Underpinning
Science and Technology for Radioactive Waste Conference, Loughborough University, United Kingdom.
Quintessa and Geofirma. 2011. T2GGM Version 2: Gas Generation and Transport Code. NWMO DGR-TR2011-33 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Small, J., M. Nykyri, M. Helin, U. Hovi, T. Sarlin and M. Itavaara. 2008. Experimental and Modelling
Investigations of the Biogeochemistry of Gas Production from Low and Intermediate Level Radioactive Waste.
Applied Geochem. 23, 1383-1418.
Suckling, P., N. Calder, P. Humphreys, F. King and H. Leung. 2009. The Development and Use of T2GGM:
A Gas Modelling Code for the Postclosure Safety Assessment of OPG’s Proposed L&ILW Deep Geologic
Repository, Canada. Proceedings 12th International Conference on Environmental Remediation and
Radioactive Waste Management, ICEM ‘09/DECOM ’09, Liverpool, United Kingdom.

EIS-01-22





EIS
Guidelines:
Section 13,
Long-Term
Safety of the
DGR
CNSC
Regulatory
Guide G-320:
Section 6.2.1

Information Request:
Provide additional information and analyses on the nature and relevance of the experimental data supporting
degradation rates of ion exchange resins as follows:
 discuss the applicability of key references from the Post-closure Safety Assessment: Data report on
degradation of ion exchange resins (i.e., Bracke et al., (2004), Husain and Jain (2003) and Wiborgh et
al. (1986)) and any ongoing research on this issue nationally or internationally to the DGR-specific
issues, and summarize any insights that can be gained relative to other studies on ion exchange resin
stability and gas generation; for example the headspace gases quantified in OPG (2003); and
 analyze and discuss the consequences to the EIS prediction of “containment” of gases in the
geosphere for a degradation rate in gas modeling that is higher than the value chosen as an upper
bound.
Context:
The summary information provided on the degradation of ion exchange resins is not sufficient for CNSC staff
to assess whether the parameters chosen are applicable to the main resin of interest. It is also not clear if this
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information is applicable to all resins for the diverse environmental conditions under which they will degrade in
the long term.
Table 2.7 of the Reference Low- and Intermediate-Level Waste Inventory for the Deep Geologic Repository
report indicates that 96% of the C-14 inventory is found in Moderator IX resins. Gas generation from these
exact materials (under postclosure repository conditions), and the resulting dose from C-14 to humans (in the
long term), is a critical pathway for certain scenarios. It is not clear why minimal quantitative, experimental
information has been provided and/or why this topic has not been addressed in the follow-up program.
Altogether, more information is needed on the sensitivity of gas generation predictions to extreme ion
exchange degradation rates which may evolve in the repository with time (microbial, corrosion, oxidation,
etc.). The foundation for this key process needs to be better justified and then the consequences of
uncertainties discussed. In particular, more clarity is needed on whether high degradation rates are plausible;
the upper bound chosen for modeling is not justified.
The most important question to specifically address is: would high degradation rates compromise the
predictions for low doses in the biosphere as a result of the prediction for effective containment of gases in the
geosphere (e.g., Table 5.5 of the Post-closure Safety Assessment)? Similar clarity is needed on whether this
issue has been or can be addressed in a simpler way, e.g. through a bounding calculation.
OPG Response:
Degradation rate data for ion exchange (IX) resins, summarized in the Postclosure Safety Assessment Data
report (Quintessa and Geofirma 2011), show that IX resins degrade slowly but measurably under aerobic
conditions, and at best very slowly under anaerobic conditions, consistent with the behaviour of polystyrene
which forms the resin backbone.
These include data from two recent field studies - Bracke et al (2004) and Husain and Jain (2003). From
these studies on actual IX resin wastes, the data (gas generation) were used to estimate resin degradation
rates. The latter includes headspace gases measured in IX resin containers at the Western Waste
Management Facility (WWMF), so is directly applicable to the DGR.
As per the Information Request, in addition to the references previously summarized in the Postclosure Safety
Assessment Data report (Quintessa and Geofirma 2011), the literature was further surveyed for other data
relevant to ion exchange resin, including polystyrene degradation. The review is presented in NWMO (2012)
(enclosed). The review included values adopted for resin degradation in other safety assessments. In
summary, there is limited data for anaerobic degradation of IX resins, but the rate is clearly low. The range of
values considered in the Postclosure Safety Assessment is consistent with the literature and with values used
in other safety assessments.
The uncertainty in resin degradation rates in particular and gas generation in general, is considered in the
Postclosure Safety Assessment (Quintessa et al. 2011; Chapter 8 of the PSR). The postclosure reference
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model adopts the following conservative assumptions with respect to gas generation:





All organics including resins are assumed to completely degrade;
All organics including resins are assumed to degrade to form gas rather than intermediate species;
Sufficient water is assumed present to support degradation (no rate reduction for unsaturated
conditions); and
Other conditions are assumed to support degradation processes (e.g., microbes are active even
under the potentially high salinity, and other nutrients are available).

The uncertainty was further addressed through evaluation of variant cases in which the gas generation rates
and related parameters are varied. These are described in Section 8.8.2.4 of the PSR. The conclusion from
these variant cases is that the repository tends to stabilize at generally similar pressures, independent of the
specific gas generation rate assumptions.
In addition, as per the Information Request, a calculation case with upper bound values of the resin
degradation rate was analysed (NWMO 2012). The resin (and plastics and rubber) degradation rate was set
to 0.04 a-1 under aerobic conditions and 7x10-4 a-1 under anaerobic conditions. These are the maximum
reported values from the updated review (NWMO 2012), and are about a factor of 80 and 14 higher than the
PSR reference values for aerobic and anaerobic conditions, respectively. The results for this high
degradation rate case show the gas pressure is generally higher initially than for the reference case, but
reaches the same long-term pressure. The calculation results, including this high resin degradation rate
case, show that the resulting gas is contained within the geosphere and does not compromise the predictions
for low doses in the biosphere.
With respect to obtaining additional data, it is expected that the low degradation rate would be most
accurately measured under in-situ conditions with real waste materials, and that the measurements would
take several years to equilibrate as the microbial conditions within the resins become anaerobic and
stabilized. Short-term laboratory tests are useful but not definitive. The preferred approach is to conduct long
term studies within the repository under actual field conditions, such that some decades of data would be
available to help support the decision to close the repository. The studies have not been defined as part of
the Construction Licence application. However, they are described in general in the response to IR-EIS-0132.
Finally, it is emphasized that the release of C-14 from the moderator IX resins, the largest source of C-14, is
modelled as occurring independently from the actual degradation of the bulk polymer. Since the C-14 is
primarily present as surface sorption on the resins, the C-14 release is modelled as off-gassing at constant
rate from the unsaturated resins, or as instantly released for the portion of the resins that become saturated
with water filling the repository.
References:
Bracke, G., W. Muller, K. Kugel and D. Cologne. 2004. Derivation of Gas Generation Rates for the Morsleben
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Radioactive Waste Repository (ERAM). Proceedings of DisTec 2004, April 26-28, Berlin, Germany.
Husain, A. and D. Jain. 2003. Chemical, Radiochemical and Microbiological Characterisation of the Contents
of Resin Liners Sampled at the Western Waste Management Facility in 2002. Kinectrics Report 9820-090-RA0001-R00. Toronto, Canada.
NWMO. 2012. OPG DGR: Resin Degradation Review and Additional Analysis. NWMO Technical
Memorandum DGR-TM-03640. Toronto, Canada. (enclosed)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada.
Quintessa and Geofirma. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization report NWMO DGR-TR-2011-32
R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada.

EIS-01-23





EIS
Guidelines:
Section 13,
Long-Term
Safety of the
DGR

CNSC
Regulatory
Guide G-320:
Section 6.2.1

Information Request:
Provide an analysis of the probability of formation of unique species of gases in the repository (e.g. containing
both C14 and H3 as in methane (C14H3T)) relative to chemical and/or biological processes that may occur in
the long-term.
Similarly, the formation of organochlorines (Cl36) should be discussed in terms of any relevant impacts on how
Cl36 environmental behaviour is modeled (e.g. the relevance of literature Kd values and their uncertainties).
The dosimetry of any credible complex species should be discussed and put into an appropriate risk context if
information is lacking. If any issues or major uncertainties are encountered on environmental behaviour or
dosimetry; follow-up program activities should be identified.
Context:
Gas generation is important in assessment of a repository’s ability to keep contaminants contained, and the
kinds of gases produced influence possible impacts on persons and the environment in the event of releases
from the repository. While the EIS assesses a number of gases, the possibility of microbial or other processes
causing unusual species of C14, H3 and Cl36 compounds being formed is not addressed in the documentation
provided.
The presence of organic wastes with high inventories of C14 may provide the right conditions for unique
chemical and biological processes. Features, events and processes related to this topic should be analyzed in
a quantitative sense based on whatever insights are available from the literature and the effect on the
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performance of repository determined.

OPG Response:
A more detailed discussion is provided in the enclosed report Humphreys et al. (2011). Key points are
summarized below.
Data on the formation of gas species due to degradation of L&ILW indicate that the main species are H2, CO2
and CH4; smaller amounts of C2H6 (ethane), CO and H2S have been reported. These gases are the primary
gaseous breakdown products from metal corrosion and microbial degradation of organic materials.
Since the amounts of H-3 and C-14 in the DGR are small compared to the amounts of non-radioactive H and
C that would be present in gaseous species, only a very small fraction of gas species is likely to contain both
H-3 and C-14. A simple estimate indicates that if all the gas in the repository were methane, which is the
most common molecule that contains both C and H, the fraction of methane gas molecules with both H-3 and
C-14 would be on the order of 10-10.
The dominant form for Cl-36 release from the DGR is as chloride. The safety assessment uses a
conventional biosphere concentration ratio model to estimate bioaccumulation and dose impacts, consistent
with CSA N288.1-08. This model does not distinguish between the forms of chlorine in the soil; however,
chloride is the main path into plants. Since the amounts of Cl-36 released from the repository are very small
(less than natural background levels of Cl-36 under normal evolution scenario), the dose impacts are
negligible and more detailed modelling would not change the overall conclusion.
Nonetheless, the models used in the OPG DGR postclosure assessment are being maintained by the Nuclear
Waste Management Organization (NWMO). The NWMO participates in activities to improve its database and
models. These include participation in the international BIOPROTA biosphere modelling working group, as
well as for example recent measurements of background levels of Cl-36 and updating biota transfer factors
including chlorine (Sheppard et al. 2006, Sheppard and Sanipelli 2011).
Dose coefficients are available or can be conservatively estimated for the main species of H-3, C-14 and Cl36 as discussed in Humphreys et al (2011).
References:
Humphreys, P., M. Thorne and J. Wilson. 2011. The Speciation of H-3, C-14 and Cl-36 in the DGR System.
Prepared for NWMO. Quintessa Technical Report QRS-1335B-TR4, Version 1.0. Henley-on-Thames,
United Kingdom. (enclosed)
Sheppard, S.C., M.I. Sheppard, J.C. Tait and B.L. Sanipelli. 2006. Revision and meta analysis of selected
biosphere parameter values for chlorine, iodine, neptunium, radium, radon and uranium. Journal of
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Environmental Radioactivity 89, 115-137.
Sheppard, S.C. and B. Sanipelli. 2011. Environmental Radioactivity in Canada - Measurements. Nuclear
Waste Management Organization report NWMO TR-2011-16. Toronto, Canada.

EIS-01-24





EIS
Guidelines:
Sections 12,
13.2 and 15
CNSC
Regulatory
Guide G-320:
Section 7.5.2

Information Request:
Provide an assessment of undiscovered oil, gas and mineral resources at the regional, local and site scale
and also the uncertainties that are associated with this assessment.
In providing the above assessment, the proponent should clearly distinguish between resources and reserves.
Reserves are generally understood to comprise those accumulations that have been discovered and
measured, and that can be produced economically under present-day conditions. Reserves are only a sub-set
of total resources, which also include potential future additions to reserves that are currently sub-commercial
and/or that have yet to be discovered and measured.
The requested quantitative assessment should also be correlated to the geological processes responsible for
the formation of the resources.
Context:
In the EIS Guidelines, section 13 outlines the expectations with respect to the long term safety of the DGR, for
which isolation is an important factor. The absence of natural resources reduces the likelihood of inadvertent
intrusion that can jeopardize the isolation function of the DGR system. In addition, if natural resources exist at
or in the vicinity of the site, the EIS should identify how the proposed project could affect their use (i.e. land
use).
The exploratory boreholes that penetrated the Middle Ordovician strata at the Bruce nuclear site seemed to
indicate the presence of liquid and gaseous hydrocarbons (Table 2.8 of the Geosynthesis Report). The above
observations are consistent with the findings of Obermajer et al. (1999), who reported that the Middle
Ordovician limestones of southwestern Ontario are expected to have “good to excellent petroleum source
potential” and to be “within the zone of prolific oil generation”. The petroleum liquids and gases that were
observed in cores from recent exploratory boreholes at the Bruce nuclear site may be an indication of a
potential future petroleum resource that could be extracted using new technologies such as horizontal drilling
and hydro fracturing. The proponent indicates, however, that the presence of these potential resources is not
such that there will be future intrusions; however, no supporting evidence is provided.
OPG Response:
A discussion related to the assessment of oil, gas and mineral resource occurrences beneath and in the
vicinity of the Bruce nuclear site is summarized in the Geosynthesis (NWMO 2011; Sections 2.28 and 2.36).
A detailed explanation of the supporting evidence is provided in Engelder (2011; Section 3.3), AECOM and
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Itasca (2011; Sections 8 and 10) and Intera (2011; Section 3.7.4.2). Key evidence that leads to an
assessment of low resource potential, particularly within the middle Ordovician limestones, is outlined below.


Hydrocarbon occurrences within core obtained from beneath the Bruce nuclear site is described by
Intera, (2011; Section 3.7.4.2, Table 3.10 and Figure 3.16). The observation of discrete hydrocarbon
occurrences within the low hydraulic conductivity (<10-12 m/s) Middle Ordovician limestones suggests
a low commercial oil and gas potential.



Within the middle Ordovician limestones of southern Ontario, commercial liquid and gaseous
hydrocarbons primarily occur within fault controlled Hydrothermal Dolomitized (HTD) Reservoirs. No
evidence for the occurrence of HTD reservoirs was found within the Middle Ordovician Black River or
Trenton Group limestone beneath the Bruce nuclear site (Intera 2011; NWMO 2011). This evidence
includes: i) an absence of fault controlled vertical structural within the sedimentary sequence as
evaluated through seismic reflection surveys (NWMO 2011; Section 2.3.9.2) and stratigraphic
correlation in core across the site (NWMO 2011; Section 2.3.4); ii) consistently low in-situ hydraulic
-12
conductivities (<10 m/s) and low matrix porosities (0.005 – 0.02) observed in these sediments; and
iii) the occurrence of anomalous hydraulic heads and gradients observed in the sediments consistent
with the occurrence of low hydraulic conductivities at formation scale. Such conditions are not
consistent with reservoir quality rocks.



The ability to extrapolate these site-specific observations beyond the DGR borehole footprint is based
on the predictable and traceable nature of the Paleozoic stratigraphy across the Regional Study Area
as discussed in the Geosynthesis (NWMO 2011; Section 2.3.4; Intera 2011; Section 3.1.3). The
nearest neighbour exploratory wells to the Bruce site (Texaco #6 and Kincardine #1) were dry and
this is consistent with the fact that no documented commercially viable oil or natural gas hydrocarbon
deposits (27 exploratory wells) are found within a 40 km radius of the Bruce nuclear site (OGSR
2004; 2006; AECOM and Itasca 2011).



The probability of the occurrence of commercial shale gas beneath the Bruce nuclear site is
considered low for three reasons: i) the Total Organic Carbon (TOC) concentration within the
Ordovician strata is low ca. < 2.5%; ii) the low thermal maturity due to shallow (approximately 1.5 km)
burial in the Bruce region; and iii) lack of extensive natural hydraulic fracturing in the Ordovician
shales associated with gas generation typical of shale gas plays in the Appalachian basin (Engelder
2011).



The Paleozoic sediments within southern Ontario are subdivided into two structural domains; the
Niagara megablock and the Huron Domain (see Figure 1 provided at the end of the responses to EIS
IRs). The Huron Domain, which encompasses the DGR Regional Study Area (Figure 1 herein), is
structurally less complex than the faulted Niagara megablock (Figure 1 provided at the end of the
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responses to EIS IRs; AECOM and Itasca 2011, p. 116). The structural provenance of the Huron
Domain suggests a lower possibility of HTD formation and occurrence for oil and gas accumulation.
Further, Bailey (2005) noted that the best prospecting for Ordovician HTD reservoirs should occur on
the south east side of the Algonquin Arch where the presence of porous Cambrian sediments have
facilitated the transport and migration of fluids within the fault and fracture systems. Active and
abandoned gas pools within the Regional Study Area are listed in NWMO (2011), Table 8.2.


Present industry exploration for Ordovician HTD reservoirs is focused almost exclusively in Essex and
Kent counties in the Niagara Megablock (AECOM and ITASCA CANADA 2011, p. 126). Hydrocarbon
resources to the northeast of this area, in the Huron Domain, particularly within the Black River Group
tend to be largely related to gas discoveries (NWMO 2011; Table 8.2).



In terms of mineral resources, no evidence was discovered during regional or site specific
investigations to suggest economically viable base mineral or salt deposits exist beneath or in the
vicinity of the Bruce nuclear site (e.g., Silurian Saline salt). The observation that base minerals occur
as trace gangue mineral assemblages indicates that the likelihood of undiscovered base mineral
resources is considered negligible (NWMO 2011; Sections 2.2.8 and 2.3.6).

With respect to Obermajer et al. (1999), as cited above, broad application of conclusions to understanding
petroleum resource potential within the vicinity of the Bruce nuclear site and more regionally within the Huron
Domain, to the northwest of the Algonquin Arch is not straightforward. Obermajer et al. (1999) principally
explored hydrocarbon occurrence in the middle Ordovician limestone to the southeast of the Algonquin Arch
in the Niagara Mega Block, in sediments associated with the Appalachian basin (Figure 1 provided at the end
of the responses to EIS IRs; sample locations). Differences in hydrocarbon rock thermal maturity, structural
provenance (as described above) and occurrence of underlying Cambrian sediments indicate that direct
transferability of observations from Obermajer et al. (1999) to the Huron Domain is not well supported.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and
Itasca Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR2011-15 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Bailey, S.M.B. 2005. A Comparison of Cambrian Reservoir Rocks Onlapping the S.E. and N.W. Sides of the
Algonquin Arch in SW Ontario: A Regional Correlation Project. Proceedings 44th Annual Ontario Petroleum
Institute Conference, Technical Paper 5. London, Canada.
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
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(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Intera Engineering Ltd. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada.
Obermajer, M., M.G. Fowler and L.R. Snowdon. 1999. Depositional environment and oil generation in
Ordovician source rocks from southwestern Ontario, Canada: Organic geochemical and petrological
approach. AAPG Bulletin 83 (9), 1426-1453.
Ontario Oil, Gas and Salt Resources (OGSR) Library. 2004. Cumulative oil and gas production in Ontario to
the end of 2004. Excel format data. In: Members Package Dataset. Petroleum Resources Centre, Ministry of
Natural Resources Oil, Gas & Salt Resources Library.
Ontario Oil, Gas and Salt Resources (OGSR) Library. 2006. Oil and Gas Pools and Pipelines of Southern
Ontario, revised October 2006. Petroleum Resources Centre, Ministry of Natural Resources Oil, Gas & Salt
Resources Library UTM NAD83. Ontario Digital Base Data.
Sanford, B.V., F.J. Thompson and G.H. McFall. 1985. Plate tectonics – A possible controlling mechanism in
the development of hydrocarbon traps in southwestern Ontario. Bulletin of Canadian
Petroleum Geology 33(1), 52-71.

121

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Figure 1 (associated with IR-EIS-01-24). Petroleum occurrences, mapped faults and prominent tectonic features of southern Ontario. Also
shows the sample locations from Obermajer et al. (1999) and the interpreted block boundaries of Sanford et al. (1985).
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EIS
Guidelines:
Sections 12,
13.2 and 15
CNSC
Regulatory
Guide G-320:
Section 7.5.2

Information Request and Response

OPG Supplementary Response:
The purpose of this addendum is to provide additional information to complement the initial response to
Information Request IR-EIS-01-24. The responses below provide information in five areas as noted by the
bold headings.
1)

Hydrocarbon Occurrence: Bruce Nuclear Site Investigation

Hydrocarbon occurrences in rock core obtained beneath the Bruce nuclear site are represented by: i)
bituminous laminations; ii) petroliferous odor; or iii) trace oil seeps. All occurrences are observed in discrete
core section intervals (INTERA 2011, Section 3.7.4.2; NWMO 2011, Section 2.3.6). As noted previously,
estimated rock mass hydraulic conductivities within the Ordovician sediments range between 10-11 and 10-15
m/sec (INTERA 2011, Sections 4.13.4/ 4.14.5/ 4.14.6/ 4.15). Such trace hydrocarbon occurrences in rock
core, from boreholes DGR-1 to -6, coupled with the observed low rock mass hydraulic conductivities, is
inconsistent with the existence of economically viable hydrocarbon reserves.
2)

Presence of Hydrothermal Dolomitized Reservoir: Bruce Nuclear Site

Multi-disciplinary geoscientific information gathered during the course of site characterization activities on the
Bruce nuclear site is inconsistent with the existence of Hydrothermal Dolomitized (HTD) Reservoir(s) within or
in close proximity to the DGR footprint. Information additional to that in the initial response to IR-EIS-01-24
(bullet 2) that support this interpretation includes:


The dimensions, geometry and typical range of properties reported for Ordovician HTD reservoirs are
described in AECOM and ITASCA CANADA (2011, Section 8.6.2). In Ontario, such features form
long linear and localized reservoirs 400 to 1,200 m in width and several kilometers in length. The
DGR-series vertical (4) and inclined (2) boreholes were drilled in a triangular orientation with a
separation distance of approximately 1.2 km. Evidence obtained through the validation of seismic
reflection survey (NWMO 2011, Section 2.3.9.2) coupled with detailed core logging (i.e., stratigraphic
correlation – see NWMO 2011, Section 2.3.4.1), geophysical logging (NWMO 2011, Section 2.3.4.1),
in-situ hydraulic testing (INTERA 2011, Sections 4.13 and 4.16.7), and matrix pore fluid/gas
characterization (NWMO 2011, Section 4.6) would have revealed, as discussed further below, the
presence of a HTD reservoir within or in close proximity to the DGR footprint.



As discussed in AECOM and ITASCA (2011, Section 8.6.2), average HTD reservoirs display
porosities of 6 to 8% with permeabilities of 0.01 to 10,000 mD. A geologic structure with such
physical characteristics originating from the underlying Precambrian basement (NWMO 2011, Section
2.2.8.1, Figure 2.21) within or in close proximity to the DGR footprint would be associated with
geochemical, isotopic or hydraulic signatures that could have been observed during site investigations
or subsequent monitoring within the Westbay casing systems. The absence of such evidence
strongly suggests that a HTD reservoir is not present.
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3)

As discussed in the Geosynthesis (NWMO 2011, Sections 4.4 and 4.5), the hydrogeochemical
characterization of pore fluid elemental, isotopic, and gas concentrations is inconsistent with the
presence of a permeable HTD reservoir connected with the over-pressurized Cambrian formation for
extended periods of geologic time.
Historical Hydrocarbon Exploration

Further to the discussion in IR-EIS-01-24 (bullet 3), historical oil and gas drilling records were reviewed as
part of the hydrocarbon resource assessment (AECOM and ITASCA CANADA 2011; Section 8.1). Based on
these Ontario Ministry of Natural Resource records (since 1938), within 40 km of the Bruce nuclear site, 27 oil
and gas well records exist. In terms of status, 25 of these wells are recorded as abandoned without discovery
of oil or gas and 2 are unknown. The 2 unknown wells are within or shallower than the Silurian sediments
(i.e., do not intersect the underlying Ordovician cap rock) between 18 and 40 km from the Bruce nuclear site.
Information related to these well records is provided in the table below. This information supports the
assessment of low hydrocarbon resource potential within the vicinity of the Bruce nuclear site.
Well
Licence
Number
1

F012061

2

F012063

3

F012066

4

F012077

5

F012078

6

F012090

7

F012093

8

F012102

Well Name*
Lake St Clair
Gasfields,
Kinloss - 69 - I
Felmont Oil,
Huron - 10 - I
Felmont Oil,
Huron - 31 - I
Dominion Gas Smyth No.1,
Culross - 18 XIII
Imperial Oil,
Huron - 9 - XI
Imperial 167 S.T.
No. 7, Brant - 25
- IN
Imperial (172)
S.T. No. 8, Brant
- 10 - IVN
Union Gas Co. Kincardine No.1 -

Well
Status**
Abandoned
Well
Abandoned
Well
Abandoned
Well

Total
Depth
(TD)

Formation
at TD

Count
y

TD Date

Plug Date

Dist.
from
Bruce
site (km)

1021.38

Precambria
n

Bruce

11-Mar-56

19-Mar-56

38.5

Bruce

16-Jan-59

21-Jan-59

37

Bruce

16-Apr-56

24-Apr-56

34.5

568.76
566.93

Cabot
Head
Cabot
Head

Abandoned
Well

726.6

Cobourg

Bruce

04-Sep-41

12-Sep-41

36

Abandoned
Well

507.49

Guelph

Bruce

14-Nov-55

11-Aug-56

27

Unknown

64.01

Unknown

Bruce

14-Jul-48

unknown

39.5

Abandoned
Well

35.05

Salina G
Unit

Bruce

22-Jul-48

22-Jul-48

38

Abandoned
Well

890.9

Cambrian

Bruce

05-Sep-41

20-Jan-42

6.5

124

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

9

F013552

10

T001720

11

T001720A

12

T001892

13

T001925

14

T001942

15

T002238

16

T002636

17

T002663

18

T002730

19

T003350

20

T003387

21

T003535

22

T003553

J.J. Sem
Kincardine Salt,
Kincardine
B.P. Exploration
Triad, Saugeen 29 - II
BP Triad, (A),
Saugeen - 29 - II
Home C.D.R.,
Saugeen - 12 - I
BP Triad,
Kincardine - 17 VIII
BP Home,
Kincardine - 57 C
Texaco No.4
Home C.D.R.,
Bruce - 1 - VIII
Texaco No.6
Bruce 8-E-IV,
Bruce - E - IV
PINETREE MIDNORTHERN
NO.1, Huron - 63
-I
PINETREE ET
AL NO.1,
Greenock - 3 IN
Barr MacKinnon
No. 1, Bruce - 12
- IX
Barr Cormack
No. 1, Bruce - 22
- XIII
FITZGERALD,
Huron 1 - 33 - LR
FITZGERALD,
Kinloss 3 - 6 - IX

Unknown
Abandoned
and Junked
(Lost)
Abandoned
Well
Abandoned
Well

342.9

Unknown

Bruce

08-Jul-29

unknown

18

315.47

Manitoulin

Bruce

06-Jul-64

07-Jul-64

20

Bruce

02-Aug-64

02-Aug-64

20

Bruce

16-Mar-65

25-Mar-65

14

722.38
770.5

Precambria
n
Precambria
n

Abandoned
Well

912.9

Precambria
n

Bruce

05-Apr-65

06-Apr-65

15

Abandoned
Well

897.9

Precambria
n

Bruce

20-Feb-66

11-Mar-66

8

Abandoned
Well

850.4

Precambria
n

Bruce

06-Jan-67

18-Jan-67

6

Abandoned
Well

881.5

Cambrian

Bruce

24-Jan-69

06-Feb-69

3.5

Abandoned
Well

608.69

Cabot
Head

Bruce

11-Apr-69

18-Apr-69

33

Abandoned
Well

429.46

Cabot
Head

Bruce

30-May-69

04-Jun-69

28.5

Abandoned
Well

393.8

Cabot
Head

Bruce

10-Mar-72

18-Mar-72

11

Abandoned
Well

335.89

Cabot
Head

Bruce

16-May-72

18-May-72

17

Bruce

27-Mar-73

28-Mar-73

26.5

Bruce

02-Aug-73

09-Aug-73

32

Abandoned
Well
Abandoned
Well
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FITZGERALD,
Abandoned
Cabot
Kincardine 1 - 14
481.89
Bruce
26-May-73
Well
Head
- VIN
JACKLIN,
Abandoned
Cabot
24
T003656
Ashfield - 44 643.13
Huron
15-Oct-73
Well
Head
FCNPA
THIMAC,
Abandoned
Cabot
25
T003684
Ashfield 2 - 6 612.34
Huron
13-Mar-74
Well
Head
XIIIWD
Pacific, Greenock Abandoned
Precambria
26
T004854
894
Bruce
03-Feb-79
1 - 32 - VIII
Well
n
Amoco A-1,
Abandoned
Precambria
27
T004910
Kincardine 2 - 31
909
Bruce
20-Jul-79
Well
n
-V
* Note that well name includes: Well Name, Region – Lot # – Concession #
** Well Status is based on the current mode of operation of the well.
(http://www.ogsrlibrary.com/definitions_well_status_oil_gas_ontario)
Active - A well which is in active operation in accordance with the purpose for which it is licensed.
Abandoned - A well which is officially plugged and abandoned.
Abandoned & junked (lost) - A well abandoned because of mechanical difficulties in the hole.
Unknown - A well for which there is no available information on mode in Ministry records.
23

4)

T003588

29-May-73

15

18-Oct-73

33.5

18-Apr-74

37

14-Feb-79

23.5

25-Jul-79

21.5

Low Thermal Maturity

Further to the discussion in IR-EIS-10-24, thermal maturity is defined as an estimate of the degree to which
organic metamorphism has progressed giving an approximate measurement of the maximum temperature to
which the rock has been subject (Engelder 2011, Section 4.6). Burial curves for the Michigan Basin show
considerable variation in maximum depth depending on the distance from the central portion of the basin.
Beneath the Bruce nuclear site on the eastern flank of the Michigan Basin, the sediment burial history
indicates maximum total depth of approximately 1.5 to 2.0 km. This suggests a low degree of thermal
maturity within the Ordovician sediments with maximum temperature that barely reached the oil window and is
unlikely to have created potential for shale gas generation (Engelder 2011, Section 5). Further information
providing context regarding the degree of thermal maturity see NWMO (2011), Section 2.2.5.3.
5)

Niagara Block Concept: Sanford (1985)

The proposed Sanford (1985) structural mega-block fracture framework for the Paleozoic sediments is
described in AECOM and ITASCA CANADA (2011, Section 3) and NWMO (2011, Section 2.2). The
information presented in the Geosynthesis (NWMO 2011) and supporting Regional Geology (AECOM and
ITASCA CANADA 2011, Section 8.1) recognizes that the validity of the proposed Sanford (1985) regional
conceptual fracture framework model has not been established. This information includes the lack of
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coincidence with systematic fracture patterns in underlying Precambrian basement surface and inconsistency
with mapped Paleozoic fault and joint orientations in the region (e.g., NWMO 2011, Section 3.1, Figure 3.3).
In particular, the lack of evidence supporting the continuation of proposed faults into Precambrian basement is
problematic. Despite this, evidence supporting a structurally simple Precambrian basement that may have
influenced faulting within the Paleozoic sediments, the discontinuity of the permeable Cambrian formation
beneath the Ordovician sediments, the apparent absence of oil and gas plays (12) in the regional study area
(none within 40 km of the Bruce site) and evidence from the DGR drilling program described above provide
compelling information that local or regional HTD features are unlikely to occur in the vicinity of the proposed
DGR.
Discussion: Quantitative Hydrocarbon Resource Assessment
The above information, including the cited references, provides a reasoned basis to characterize the
hydrocarbon potential in the vicinity of the Bruce nuclear site as low. To further advance the assessment
using more quantitative means would demand additional regional based information. This information would
need to clearly define structural relationships and play occurrence necessary to justify statistical inferences.
As described above, the lack of success with hydrocarbon exploration (since 1938) within the Huron Domain
coupled with evidence indicating the low likelihood for shale gas reserves strongly suggests that a meaningful
quantitative analysis that is not subjective and geologically biased could not be supported. The information
available for the Huron Domain, in addition to Safety Assessments that explore the dose consequence of
inadvertent intrusion by drilling, provide a basis that a quantitative assessment is unwarranted.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and
Itasca Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR2011-15 R000. Toronto, Canada. (available at http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sanford, B.V., F.J. Thompson and G.H. McFall. 1985. Plate tectonics – A possible controlling mechanism in
the development of hydrocarbon traps in southwestern Ontario. Bulletin of Canadian Petroleum Geology
33(1), 52-71.
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Cumulative
Effects
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Information Request:
Assess the cumulative effects from past and existing projects and activities, certain and planned projects and
activities, and reasonably foreseeable projects and activities, on DGR workers (nuclear energy workers
(NEWs) and non-NEWs), or provide a rationale for why a cumulative effects assessment was not conducted.
Context:
In the EIS Guidelines, section 14 outlines the expectations with respect to cumulative effects.
Section 10 of the EIS addresses cumulative effects related to exposure to radiation by members of the public
from the DGR project and other existing and reasonably foreseeable projects, but similar information related
to exposure to radiation by workers (NEWs and non-NEWs) is not presented. This information is needed,
given the greater exposure to radiation that NEWs and non-NEWs are predicted to receive.
OPG Response:
Based on the screening of cumulative effects presented in Section 10 of the EIS, seven existing projects, five
certain/planned projects and four reasonably foreseeable projects may act cumulatively with the DGR Project.
The site preparation and construction phase of the DGR Project may overlap with the Bruce A and Bruce B
refurbishment activities, ongoing operation of the Western Waste Management Facility (WWMF), and the
ongoing safe storage of Douglas Point. No other projects would affect radioactive emissions. As the DGR
Project will not contribute to radioactive emissions during this phase, there is no cumulative effect on workers,
either Nuclear Energy Workers (NEWs) or non-NEWs.
The operations phase of the DGR Project may overlap with operation of Bruce A and B, the refurbishment of
Bruce A and B, Safe Storage of Bruce A and B, decommissioning of Bruce A and B, safe storage of Douglas
Point, and operation of the WWMF including transfer of used fuel from the Bruce nuclear site to a long-term
repository. However, not all of these activities would be occurring simultaneously.
For NEWs the dose contributions from all past, present and future nuclear projects and operations at the
Bruce nuclear site will be included in the occupational dose measurements when those activities occur. Since
each NEW’s dose is individually monitored and recorded, regardless of where the dose originates, cumulative
doses to individual workers are inherently addressed through the dosimetry program, as well as ALARA
initiatives. The dose planning and monitoring program for the DGR Project will implicitly incorporate the dose
contributions from all licensed activities.
The annual cumulative doses to DGR NEWs at the Bruce nuclear site are expected to remain well below
regulatory limits (100 mSv per five-year dosimetry period with a maximum of 50 mSv in any one-year
dosimetry period, i.e., an average of 20 mSv per year). In addition, doses will be further controlled to ALARA
using OPG’s administrative and procedural controls.
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The DGR Facility will ensure that dose rates in Zone 1 areas will have “a general radiation background as low
as possible and in any case shall have an average monthly radiation field level less than 0.5 mrem/h”
(0.5 µSv/h) (OPG2001). This helps to ensure that the cumulative dose to non-NEWs is maintained below
1,000 μSv/yr, the regulatory dose limit for members of the public.
Therefore, no mitigation measures beyond those already identified are considered necessary to meet
regulatory limits and no residual adverse cumulative human health effects associated with doses to workers
from the DGR Project are considered likely.
References:
OPG. 2001. Radiation Protection Requirements – Nuclear Facilities. OPG Requirements N-RPP-03415.110001-R07, Section 4.7.1.1. Toronto, Canada.

EIS-01-25a



EIS
Guidelines:
Section 14,
Cumulative
Effects

OPG Supplementary Response:
During the construction period there are no nuclear materials or activities on the DGR site. All DGR workers
would be considered non-Nuclear Energy Workers (NEWs) during this period. These workers could be
exposed to direct gamma radiation from existing facilities at the Bruce nuclear site, to inhalation doses from
airborne radioactivity from existing facilities, and to gamma radiation from pre-existing ground radioactivity.
These would be in addition to possible natural radon inhalation exposure from the DGR excavation. These
are assessed below.
Direct Gamma Radiation Exposure
The nearest nuclear facility to the DGR site is the Western Waste Management Facility (WWMF). The
WWMF is required to ensure that the dose rate is ≤ 0.5 μSv/hr at its boundary, in order to ensure that nonNEWs working outside of that boundary would not exceed a 1 mSv/yr dose rate over a 2000-hr/yr working
period. This is demonstrated by Thermoluminescent Dosimeters (TLD) mounted on the fence around the
WWMF; the results of these TLDs are reported to the Canadian Nuclear Safety Commission in the WWMF
Quarterly Operations Reports. Review of WWMF 2011 Quarterly Operations Reports (OPG 2011) indicates
that the perimeter dose rates towards the DGR project side average about 0.08 μGy/hr, ranging from 0.06 to
0.13 μGy/hr (1 μGy = 1 μSv for gamma radiation). The main DGR site is about 200 m from the WWMF
perimeter fence, so the dose rates there would be lower. For a DGR worker, the bounding dose rate from this
source would average about 160 μSv/yr, assuming 2000 hours spent working very close to the WWMF site
boundary.
Inhalation
HTO is the primary airborne radionuclide around the Bruce nuclear site, and its airborne concentration ranges
3
from 0.8 to 3.1 Bq/m in 2009 (AMEC 2011, Section 5.5.1). The annual dose due to inhalation of HTO was
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estimated to be about 0.08 to 0.3 μSv/yr. This estimate was based on the following:




Inhalation dose coefficient for H-3 as HTO is 3.0x10-11 Sv/Bq for an adult (including the contribution
from skin absorption) (Preliminary Safety Report (PSR), Section 7.4.3.3);
Worker inhalation rate of 1.6 m3/hr (PSR, Section 7.4.3.3); and
2000 hours working at the DGR site per year.

C-14 concentration in air at locations outside the WWMF site ranged from 350 to 3500 Bq/kg-C (AMEC 2011,
Section 5.5.4). The annual dose due to inhalation of C-14 was estimated to be 0.003 to 0.03 μSv/yr. This
estimate was based on the inhalation dose coefficient for C-14 as CO2 of 1.2x10-11 Sv/Bq for an adult (PSR,
Section 7.4.3.3), and the same worker inhalation rate and working hours as for HTO inhalation dose
calculations. The immersion dose contribution from C-14 in air is negligible.
Ground Exposure
Within the Bruce nuclear site, soil samples were collected from 18 locations at the WWMF in 2000 (AMEC
2011, Section 5.8.4). It was reported that Co-60, Cs-134, along with C-14 concentration in the majority of
samples, were below their method detection limits. The Cs-137 concentrations on the Western Low and
Intermediate Level Waste Storage Facility sampling locations averaged 3.2 Bq/kg. For the soil samples
collected around the Bruce nuclear site in 2009, K-40 (naturally occurring) concentrations ranged from 294.5
to 626.0 Bq/kg (AMEC 2011, Section 5.8.4). This averages about 460 Bq/kg. The external dose was
estimated to be 0.6 μSv/yr for Cs-137, and about 28 μSv/yr for K-40 (natural background dose contribution).
This estimate was based on the following:



Adult external irradiation from infinite soil is 8.65x10-7 ((Sv/yr)/(Bq/kg)) for Cs-137 (including
contribution from short-lived daughters) and 2.69x10-7 ((Sv/yr)/(Bq/kg)) for K-40 (Garisto 2002, Table
2.9); and
2000 hours working outdoors per year at the DGR site.

That is, the ground exposure dose is primarily from natural background and not existing facilities.
Radon Inhalation
The above exposures are from existing activities at the Bruce site. During construction of the DGR, workers
could inhale radon gas emanating from the host rock. As described in the Radon Assessment report, the
maximum dose to an underground worker from radon and its progeny was calculated to be about 2.5 μSv/yr
(NWMO 2011, Section 4.2), and the maximum dose to an aboveground worker from the waste rock pile was
calculated to be about 42 μSv/yr (NWMO 2011, Section 4.2.1).
Summary
In summary, the total exposure to a non-NEW working on DGR site during construction would be less than
200 μSv/yr, exclusive of natural sources. The largest dose would be to a worker routinely operating close to
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the WWMF site perimeter. Most workers in the main DGR site area would receive much lower doses.
References:
AMEC. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc#
299)
Garisto, F. 2002. Radionuclide and Element Specific Data for the Radionuclide Screening Model Version
1.1. Ontario Power Generation report 06819-REP-01200-10038-R01. Toronto, Canada.
NWMO. 2011. Radon Assessment. Nuclear Waste Management Organization report NWMO DGR-TR2011-34 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG Nuclear Waste Management Division, Western Waste Quarterly Operations Report. 1st to
4th Quarters. W-REP-00531.1-00059 to W-REP-00531.1-00062. Toronto, Canada.
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Significance
of Residual
Effects

Information Request:
Indicate whether workers will be carrying out activities associated with more than one receptor location, within
a given scenario (summarized in the Preliminary Safety Report: Table 7-22, page 415). If so, the annual
estimated dose to the maximally exposed worker(s) should be provided, based on activities at more than one
receptor location.
Context:
Table 7-22 in the Preliminary Safety Report identifies estimated dose rates at specific receptor locations
across various scenarios. It is not clear whether a representative worker could undertake activities at more
than one receptor location within a given scenario. All activities which will result in exposure that a
representative worker may carry out should be considered. This ensures that estimated doses are
conservative.
Section 11.5.6 of the EIS Guidelines states that the predicted doses to workers resulting from activities within
the scope of the project must be included.
OPG Response:
In the Preliminary Safety Report (PSR) Table 7-22, the dose rates at various receptor locations are calculated
based on reasonably maximum exposure conditions - e.g., maximum number of nearby containers. These
dose rates are calculated on an hourly basis, and provide an indication of how long a worker could be at each
location while remaining within the OPG dose limits, which are consistent with or less than the CNSC
regulatory dose limits. This does not consider how long workers would actually spend at each location, nor
the times when fewer packages would be present.
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A more detailed description of worker activities involved in waste package handling is provided in the
Preliminary ALARA assessment (SENES 2011). This includes preliminary estimates of the time for each task,
number of personnel, typical distances of personnel from packages, and typical package dose rates. This
was used to provide a preliminary estimate of total collective dose. This identifies the higher dose activities,
and therefore where there is the most benefit from ALARA optimization. Again this is not a description of an
individual’s work activities, but of the total list of activities by all workers.
In practice, each worker would be involved with various activities, at varying dose rate locations. The
activities will be controlled such that the worker’s cumulative dose exposure will be within OPG’s
Administrative Dose Limits (OPG 2006). This is demonstrated by current practice at the Western Waste
Management Facility (WWMF), where similar waste packages are currently handled and stored, and workers
activities are managed such that they remain within these dose limits.
The specific OPG Administrative Dose Limits depend somewhat on the type of worker. A complete
description is provided in OPG (2006), and a summary is provided in Table 4.3 of the DGR Preliminary
ALARA Assessment (SENES 2011). For example, for many Nuclear Energy Workers, the OPG
Administrative Dose Limit would be 50 mSv per five year period.
A more detailed description of worker dose will be provided in the Final ALARA Assessment as part of the
Operating Licence application.
References:
OPG. 2006. Dose Limits and Exposure Control. OPG procedure N-PROC-RA-0019-R004. Toronto,
Canada.
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
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Information Request:
Provide supporting information for selected examples of the worker and public dose estimates presented.
Context:
Section 11.5.6 of the EIS Guidelines states that predicted doses to workers, including doses to contract
workers, and to members of the public resulting from activities within the scope of the project must be
included.
While doses have been provided, sufficient information has not been included to permit CNSC staff to conduct
any verification of the calculated doses to workers and to the public. Additional information in the form of
selected case summaries, which include information concerning any calculations completed using Micro
Shield and Sky Shine, is needed for this verification.
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OPG Response:
Supporting information is provided for the following two examples:
1. Direct and skyshine dose rates to public and non-Nuclear Energy Workers from 24 Feeder Pipe
containers temporarily staged in the Waste Package Receiving Building (WPRB) (Preliminary Safety
Report, PSR, Section 7.4.4, Scenario 1).
2. Direct dose rate to a worker in the underground ILW emplacement room that is exposed to Moderator
IX Resin waste packages (PSR, Section 7.4.4, Scenario 4).
This supporting information is documented in NWMO (2011) (enclosed).
References:
NWMO. 2011. OPG DGR: Supporting Information on Selected DGR Dose Rate Examples. NWMO
Technical Memorandum, DGR-TM-03630. Toronto, Canada. (enclosed)
EIS-01-28
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Information Request:
Provide dose estimates to persons who will be transferring waste from the Western Waste Management
Facility to the DGR.
Context:
Section 11.5.6 of the EIS Guidelines requires that the EIS provide information on the predicted doses to
workers, including doses to contract workers, and to members of the public resulting from activities within the
scope of this project.
OPG Response:
The annual dose has been estimated for a nuclear worker who will be transferring waste packages from the
Western Waste Management Facility (WWMF) to the DGR Waste Package Receiving Building (WPRB). The
calculation followed the methodology used in the Preliminary ALARA report (NWMO 2011). The results are
shown in Table 1. The table shows that the total annual collective dose to workers transferring the waste from
the WWMF to the WPRB is estimated to be 4.1 mSv. Because this dose would likely be shared between a
few workers, the total annual individual dose for the transfer of packages from the WWMF to the WPRB would
be lower.
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Table 1: Annual Dose Estimate for Workers Transferring Waste Packages
from the WWMF to the WPRB
Number of
Transport
Annual
Waste
packages
Weighting
Group
Dose Rate
Dose Rate
Factor
delivered per
Package
(mSv/hr)
(mSv/yr)
year
Non-Pro Bin 47”
A
0.98
1.83E-03
2.2E-01
High (NPB47)
(LLW Bin Type
3000
Waste)
Non-Pro High
0.02
2.69E-01
6.5E-01
Capacity (NPHC)
Heat Exchanger
0.79
2.10E-03
3.3E-04
B
(HX)
5
(Heavy NonShield Plug
Forkliftable)
0.21
8.65E-01
3.6E-02
Container (SPC)
ILW Shield
0.85
4.09E-01
2.5E+00
C
(ILWSHLD)
180
(Light
Stainless Steel
Forkliftable)
0.15
1.78E-01
1.9E-01
Resin Liner (RLSS)
Retube Waste
0.58
7.01E-02
1.6E-01
D
(RWC (EF))
100
(Heavy
Resin Liner- Shield
Forkliftable)
0.42
2.15E-01
3.6E-01
1 (RLSHLD1)
Total Annual Dose Rate

4.1E+00

The following assumptions were used to calculate the dose to workers transferring waste from the WWMF to
the WPRB:


Four different waste package groups were used, each assigned with a weighting factor due to its
relative number of packages transferred in each group (Table C.1 of the Preliminary ALARA
Assessment report, SENES 2011).



The package transfer rate is the same as in the Preliminary ALARA Assessment report (Table A.1).
This schedule is based on the transfer of most of the existing WWMF wastes into the DGR over an
initial 10-year period.



Group A, C and D are transported to the DGR by forklift one at a time. The single package dose rates
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to the forklift driver are found in Tables C.2-C.3 and C.6-C.9 of the Preliminary ALARA Assessment
report (SENES 2011).


Group B packages are transported by truck. The preliminary ALARA assessment does not make an
estimate of the dose rate to the truck driver. Therefore, for this estimate, the 1 m dose rate from the
package was conservatively assumed to represent the dose rate to the truck driver (See Tables C.4C.5 of SENES 2011).



Based on an approximate travel distance from the WWMF to the WPRB of 200 m and an assumed
forklift/truck travel speed of 5 km/h (same assumption used in NWMO 2011), each transfer would take
0.04 hours (2.4 minutes).

The total annual transfer dose calculated herein does not include the package loading and unloading doses at
the WWMF and the WPRB. The package unloading dose at the WPRB has already been included in the
Preliminary ALARA Assessment (see Tables C.2-C.9, SENES 2011). Activities performed at the WWMF (i.e.,
package loading) were not included in the Preliminary ALARA Assessment as they were within the WWMF
licenced activities. However, allowing for 2 minutes per package, the WWMF package loading activity would
have about 4 mSv/yr collective dose.
References:
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
EIS-01-29
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Information Request:
Provide an assessment of the inhalation risk of acrolein to persons on-site.
Context:
Inhalation Hazard Quotients (HQs) for acrolein during site preparation, construction phase, and operations
phase of the project exceed 2.0 (an HQ of 1.0 is an acceptable health-based limit) for local residents and
members of aboriginal communities. Persons on-site would be exposed to higher levels of acrolein and may
result in even higher HQs for acrolein. This information is needed to properly assess the effects to human
health from the project.
OPG Response:
The health assessment (Appendix C of the EIS) did consider the potential effects to members of the public
including aboriginal peoples spending extended periods of time on the site. Specifically, receptor AR6
(approximately 1.3 km south of the DGR Project site and shown on Figure C2.3.1-1 of the EIS) of the health
assessment considered persons spending extended time at the burial ground. Other persons on the site for
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extended periods of time would be considered workers.
Governmental agencies, specifically the Ontario Ministry of Labor (MOL) and non-governmental agencies like
the American Conference of Governmental Industrial Hygienists (ACGIH) establish occupational exposure
guidelines that are intended to inform decisions related to worker exposures to chemicals in the workplace.
The MOL occupational exposure limits (OELs) are enforceable while the ACGIH Threshold Limit Values
(TLVs) are guidelines for use to manage worker exposures. Both the MOL OEL and the ACGIH TLV values
for acrolein are set at 0.23 mg/m³ (230 µg/m³). The occupational exposure limits for acrolein are ceiling limits
that should not be exceeded during any part of the working hours. They are based on protection of worker
health against irritation of the eyes, mucous membrane, respiratory tract and the development of pulmonary
edema.
Predicted 1-hour and 24-hour concentrations within the Bruce nuclear site varied by a factor of less than two.
Since the predicted concentrations of acrolein at the burial ground within the Bruce nuclear site (see table
below) are well below (two orders of magnitude) the occupational exposure limits established by MOL and
ACGIH, inhalation risks to workers from acrolein are considered negligible. Exposure for visitors at the burial
ground (AR6) was assumed to be for a period of 8 hours, 12 times per year. Other visitors to the Bruce
nuclear site would typically have lower exposure durations and therefore lower inhalation risk. Persons at the
burial ground are considered to have negligible risks based on hazard quotients (HQs) that are well below the
acceptable target of 1.0.
Maximum 8‐Hour Acrolein Concentrations for Health Assessment
(includes stationary, construction and mobile sources)
Receptor
AR6
Receptor
AR6
Receptor
AR6

Maximum Modelled
Existing Concentration
(µg/m³)
0.42
Maximum Modelled
Construction Concentration
(µg/m³)
0.86
Maximum Modelled
Operations Concentration
(µg/m³)
0.42

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.25

0.67

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.25

1.11

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.25

0.67

Note: AR6 is located at the burial ground on the Bruce nuclear site.
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References:
ACGIH. 2010. 2010 TLVs and BEIs Threshold Limit Values for Chemical Substances and Physical Agents &
Biological Exposure Indices with 7th Edition Documentation.
Ontario Ministry of Labour (MOL) Occupational Exposure Limits for Ontario Workplaces. November 2010.
(downloaded from MOL website http://www.labour.gov.on.ca/english/hs/pubs/oel_table.php).
EIS-01-30



EIS
Guidelines:
Section
11.5.2, Land
Use and
Value

Information Request:
Provide the following information on the housing/rental market:


confirm that the proponent’s use of the term ‘permanent private dwellings’ is referring to the number
of private dwellings that are occupied by usual residents (i.e. year-round / usual place of residence vs.
seasonal);



provide details on the number of ‘permanent private dwellings’ there were in Kincardine and the other
area municipalities as of the 2006 census;



provide details on what proportion of the ‘permanent private dwellings’ the other area municipalities
were owner-occupied vs. rental units; and



provide historic and existing vacancy rates for rental housing for the local and regional study area; or,
provide a rationale for why it was not collected / considered.

Context:
Additional information is required on the effects on the housing/rental market in alignment with expectations of
the EIS Guidelines (i.e., Section 11.5.2); more specifically on permanent private dwellings and historic and
existing vacancy rates for rental units.
Table 5.6.1-1 of the TSD illustrates the ‘Housing Stock’ within the Local and Regional Study Area for 2001
and 2006. For 2006 a total of 5,447 housing units are shown in this table for Kincardine and that as of the
2006 census, approximately 82% of the permanent private dwellings in Kincardine were owner-occupied and
that the remainder were rental units. However, no definition is provided for the term ‘permanent private
dwelling’. Based on IBI Group’s review of Statistics Canada data it appears that the proponent is suggesting
that 82% of the private dwellings occupied by usual residents in Kincardine were owner-occupied, and
therefore 18% were rental. Neither the TSD nor the EIS present the actual number of permanent private
dwellings (i.e. dwellings occupied by usual residents) in Kincardine or the other area municipalities or the
proportions of owner-occupied vs. rental dwellings for the municipalities of South Bruce, Saugeen Shores,
Brockton, Arran-Elderslie and Huron-Kinloss.
Section 7.10.2.13 of the EIS and Section 8.6.2.4 of the Socio-Economic Environment TSD, notes that, “The
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demand for rental and permanent housing across the Local Study Area is not expected to be substantial and
so is not expected to indirectly contribute to adverse effects on community cohesion.” However, Section 8.4.1
of the TSD does show that an estimated 24,330 person years of direct, indirect and induced employment may
result from the DGR project. As such, the existing availability of rental housing should be identified in the EIS.
It is noted that the Bruce County Census Update (prepared by SHS Consulting for the Bruce County Housing
Services Affordable Housing Division) includes some residential vacancy data for Kincardine and Saugeen
Shores (prepared by the Community Mortgage and Housing Corporation), but only for the years 2007 and
2008. The Canada Mortgage and Housing Corporation Rental Market Report 2011, which is available on-line,
shows vacancy rates for these two municipalities.
OPG Response:
Permanent Private Dwellings
The definition of the term ‘permanent private dwellings’ used in the EIS is consistent with the Statistics
Canada definition of ‘total private dwellings”: “A set of living quarters which has a private entrance either
directly from outside or from a common hall, lobby, vestibule or stairway leading to the outside, and in which a
person or a group of persons live permanently.” Statistics Canada defines ‘private dwelling occupied by usual
residents’ as “A separate set of living quarters which has a private entrance either directly from outside or
from a common hall, lobby, vestibule or stairway leading to the outside , and in which a person or a group of
persons live permanently”. The term “private households” used in the EIS is consistent with Statistics
Canada’s “private dwelling occupied by usual residents”.
Number of Permanent Private Dwellings
Table 5.4.1-4 of the Socio-economic Environment TSD (NWMO DGR-TR-2011-08) reproduced below
provides the number of “private dwellings occupied by usual residents”.
Table 5.4.1-4: Private Household by Size (2006) (1)
Municipality
Category of Kincardine
#
1 person 1,160
2 people 1,870
3 people
615
4-5 people 850
6 or more
95

%
25.3
40.8
13.4
18.5
2.1

ArranElderslie
#
%
605
23.2
985
37.7
410
15.7
515
19.7
95
3.6
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Regional Study Area Municipalities
HuronSaugeen
Brockton
Kinloss
Shores
#
%
#
%
#
%
925
24.7
560
22.7 1,285 26.1
1,360 36.4 1015 41.1 2,035 41.3
540
14.4
305
12.3
655
13.3
830
22.2
485
19.6
885
18
90
2.4
110
4.5
70
1.4

South
Bruce
#
%
450
20.9
755
35
300
13.9
545
25.3
105
4.9

Total
#
4,985
8,020
2,825
4,110
565

%
24.3
39.2
13.8
20.1
2.8

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
people
Total
4,585 100 2,610 100 3,740 100 2,470 100 4,925
Note:
Numbers may not appear to add up to totals because of rounding.
Source: 1 Statistics Canada 2006a.

100

2,155

100

20,485 100

Owned versus Rented Private Dwellings
The following table summarizes published information on the numbers of owned and rented dwellings in 2006
in each of the municipalities in Bruce County. With respect to the Local Study Area, the Socio-economic
Environment TSD (NWMO DGR-TR-2011-08) notes that the Official Plan for the Municipality of Kincardine
recognizes that the housing mix of the municipality is heavily weighted to single detached dwellings and
identifies a need to encourage a greater range of housing to meet the needs of both young families and
retirees. The proposed housing mix is to include 70% low density development, 25% medium density and 5%
high density. The municipality shall strive to achieve a housing tenure mix of 70% ownership and 30% rental
(Meridian Planning Consultants 2006).
Occupied Dwelling Types by Municipality 2006
Dwelling Type
Total Private
Households(1)
Number of
Owned
Dwellings(1)
Number of
Rented
Dwellings(2)

Kincardine
(Municipality)

ArranElderslie

Brockton
(Municipality)

HuronKinloss

Saugeen
Shores
(Town)

South
Bruce

4,585

2,610

3,740

2,470

4,925

2,155

3,765

2,160

3,020

2,100

4,035

1775

835

450

715

365

885

380

Notes: Numbers of owned and rented dwellings do not add to total private dwellings because of differences in sources.
1
2
Sources: Statistics Canada 2006b. SHS Consulting 2009 (Table 19).

Vacancy Rates
As described in the following quote from the 2005 Bruce County Housing Study, the Canadian Housing and
Mortgage Corporation (CMHC) conducts rental vacancy surveys, however, it does not collect data specifically
for Bruce County.
“In larger centres, CMHC conducts rental vacancy surveys. However, it does not collect data
specifically for Bruce County. In order to assess vacancy trends, we spoke with local real estate
agents familiar with the rental market. From the discussion, it appears there are variations in
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vacancies in different parts of the County.
In the lakeshore area, vacancies have grown in the past year and are currently estimated at about
5%. It is anticipated that this situation will grow tighter in future, especially of the Bruce Power
expansion occurs. This suggests that efforts are needed to expand the rental supply in the lakeshore
area.
In the more rural areas, it is suggested that vacancy rates are higher. In some smaller rural
communities, in fact, Bruce Housing Corporation itself is having difficulty filling geared-to income
units, primarily due to declining population in such areas." (Social House Strategists 2005)
Data for the two larger centres of Kincardine and Saugeen Shores is provided for the years 2007 through
2010 as follows:
Year

Vacancy Rate (%)
Saugeen Shores
Kincardine
2.0(1)
No units(1)
(1)
1.0
1.0(1)
(2)
1.0(2)
1.2
(2,3)
1.7
2.5(2,3)
(3)
0.2
0.0(3)

2007 (October)
2008 (Fall)
2009 (Fall)
2010 (Fall)
Sources: 1 SHS Consulting 2009.
Corporation 2011.

2

Canada Mortgage Housing Corporation 2009.

3

Canada Mortgage Housing

References:
Canada Mortgage Housing Corporation. Fall 2009. Rental Market Report – Ontario Highlights.
Canada Mortgage Housing Corporation. Fall 2011. Rental Market Report – Ontario Highlights.
Meridian Planning Consultants. 2006 (Office Consolidation September 2007). Official Plan of the Municipality
of Kincardine.
Social House Strategists (SHS) Inc. 2005. Bruce County Housing Study. Final Report. May 2005, s. 5.6.
SHS Consulting. 2009. Bruce County Housing Services, Affordable Housing Division. Bruce County
Census Update.
Statistics Canada. 2006a. Statistics Canada Profile of Marital Status, Comon-law Status, Families, Dwellings
and Households. 2006 Census. Statistics Canada.
Statistics Canada. 2006b Community Profiles. Accessed on the website November 2, 2011.
http://www12.statcan.gc.ca/census-recensement/2006/dp-pd/prof/92-591/searchrecherche/lst/page.cfm?Lang=E&GeoCode=35
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EIS
Guidelines:
Section 2.2,
Public
Participation
and
Aboriginal
Engagement;
Section
11.5.2, Land
Use and
Value

Information Request and Response

Information Request:
Provide additional information on seasonal residents as follows:
 confirm if the 2009 Public Attitude Research and telephone poll of 800 residents included permanent
and seasonal residents, and if yes, confirm the proportion of the poll responses were made by
seasonal residents; and
 clarify what proportion of the 2005 poll responses were made by seasonal residents in the Strategic
Counsel telephone poll and provide the breakdown of response by resident type (i.e., seasonal vs.
permanent) if available.
Context:
Section 2.2 of the EIS Guidelines stresses how public participation is a central objective of the overall review
process. It is unclear if and how seasonal resident views were taken into consideration.
The Socio-Economic Environment TSD describes how Public Attitude Research was undertaken in 2009 that
involved a telephone interview of ‘residents in the local and regional study areas’. Appendix D2 of the EIS
includes a summary of the survey findings. It is not clear if the survey included permanent and seasonal
residents.
The EIS also includes the findings of a community telephone poll of permanent residents of Kincardine that
was conducted in January and February 2005 by an independent company called The Strategic Counsel.
The EIS notes that seasonal residents were mailed a copy of the question and asked to respond by mail. The
combined survey results (shown in Appendix D3 of the EIS) are not broken down by type of
respondent/resident (i.e., permanent and seasonal).
For the two above public engagement activities, it would be beneficial to know whether or not the seasonal
residents anticipated greater/different changes in expectations, attitudes or behaviours (e.g. use and
enjoyment of private property, use of beaches or boating, tolerance for disturbance resulting from the DGR,
economic benefits) than permanent residents.
OPG Response:
OPG Engagement Activities
Engagement activities for the DGR Project were planned to provide opportunities for year-round and seasonal
residents to be informed and participate. Feedback from both categories of residents was taken into
consideration. Typically cottage owners associations have a proportionally higher seasonal resident
membership. At presentations to these groups the level of support for the project was similar to that
expressed by year-round residents. One difference noted was that questions about employment opportunities
were less frequent among seasonal residents. Feedback from presentations to cottage owners associations
141

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
is included in Table 2.5.1-1 of the EIS. Attendees at other presentations were not asked to identify
themselves as either year-round or seasonal residents.
2009 Public Attitude Research
The 2009 Public Attitude Research was a random survey. It did not distinguish between year-round and
seasonal residents and included both. The survey instrument included a “screening” question in an attempt to
identify and analyze responses from potential seasonal residents (i.e., Have I reached you at your home
telephone number or your family-owned cottage telephone number ?). In the 2009 Public Attitude Research,
there were only 14 respondents whom identified themselves as being contacted at their cottage. As a result,
no specific analyzes were undertaken due to the small sample. It cannot be assumed that many more
seasonal residents would have interviewed through a random survey approach if the study was during the
tourist season.
A separate Tourist/Day User Survey was conducted in MacGregor Point and Inverhuron Provincial Parks, and
Brucedale and Stoney Island Conservation Areas with one of the objectives being to determine potential
concerns regarding the DGR Project among persons that are not permanent residents but visitors to the Local
and Regional Study Areas. The vast majority of respondents to this field survey identified themselves as
tourists to the area. In response to the question “What would be your 3 main concerns with respect to the
presence of a Deep Geologic Repository at the Bruce nuclear site?”, the top three unprompted responses
were damage to/contamination of the environment (45%), long-term threat to human and health and safety
(20%), and construction, operations and management (16%).
2005 Telephone Poll
In reporting the results of the 2005 telephone poll to the Municipality of Kincardine, The Strategic Counsel
provided the following breakdown of eligible households and of participating households.

Number of Eligible Households: Consultation
Sample
Number of Households in Assessment Roll
Number of Households in Statistics Canada 2001
Census
Total Residents (Stats Canada 2001)
Total Residents Participated
Households Contacted
Number of Households Responding
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Total Year
Round and
Seasonal

Year Round

Seasonal

5282

4285

997

5473

4370

997

5257

4315

492

5282
3763

8319
6208
4285(1)
3470

570
997 (by mail)
293
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Note: 1 Of Year-round households, 18% were incomplete. For 9%, no contact was able to be made and 9% refused.

The response rate among year-round residents was higher than among seasonal residents. The survey
results were not reported separately for year-round and seasonal residents.
EIS-01-32



EIS
Guidelines:
Section 16,
Follow-Up
Program

Information Request:
Describe how the proponent plans to monitor waste degradation rates (gas consumption, generation) within
the sections of the repository to be closed off during operations in order to verify the EIS predictions on this
matter.
Context:
The EIS indicates that the general air quality of the underground DGR will be monitored under the
Environmental Management Program to ensure that the health and safety of personnel within the DGR is not
compromised during underground construction and operations. The preliminary safety report indicates that
concrete closure walls will be placed in the access tunnels at several places within the repository in order to
isolate sections of the panel. Specifically they are: “designed to limit release of tritiated air, natural and wastegenerated methane, and other off-gases from waste packages (e.g., H2 and CO2), as well as potentially
contaminated water. In the remote event that explosive gases build up behind the closure wall and an
explosion occurs, the air blast from the explosion will be contained by the closure wall.”
Since the first access tunnel closure wall is expected to be built several years before decommissioning, they
will provide the opportunity to monitor waste degradation rates (O2 consumption and CO2/CH4 production).
This monitoring is important for operational safety and for verification of gas model EIS predictions and
therefore should be included in the EIS Follow-up Program.
OPG Response:
Plans to monitor waste degradation within the repository will be provided as part of submissions supporting
the Operating Licence application. However, the following types of measurements would likely be
undertaken.




Placement of (non-radioactive) waste materials in monitored in-situ test boreholes at the repository
horizon. These tests would likely be conducted in the Geoscience testing niche.
Periodic measurements of gas composition at exits of some waste filled but ventilated rooms, which
would provide, with ventilation rate data, integrated information on waste degradation under largely
aerobic conditions.
Measurements on the first closed panel, to monitor its evolution from aerobic to anaerobic after the
closure wall is installed, and the initial period of gas consumption, generation and water flow in a
closed panel. Since this instrument would not be installed for many years (i.e., at least 10 years into
the operations phase), the specific measurement technique would be selected from those available at
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that time.
These measurements would provide a few decades of data before DGR decommissioning was initiated, to
help validate the waste degradation rates and, in particular, the related gas generation rates.

EIS-01-33



EIS
Guidelines:
Section 8.1,
General
Information
and Design
Description:
12th and 14th
bullets.

Information Request:
Describe how the proponent plans to verify the waste inventories (radiological and hazardous) during the
DGR operational period, including radionuclides levels in the refurbishment waste, in order to confirm
predictions of the inventory at the repository closure in 2062.
Context:
The radionuclide and hazardous substance inventory that is forecast is part of the basis for the safety
assessment of both the preclosure and postclosure phases of the DGR. The inventory predictions made in the
EA need to be verified for both the current inventory and also once refurbishment waste is sent to the DGR.
There is currently no indication of a follow-up program element to deal with this matter.
OPG Response:
Currently, OPG manages its waste inventory through Waste Acceptance Criteria which include the
requirement for data on received wastes.
The measurement data are integrated into OPG’s waste tracking database. This information will be used to
generate an updated estimate of the projected DGR inventory, which will be provided as part of the Operating
Licence application. The update will include actual waste in storage at the time of the update, along with the
latest forecasts of future volumes and characteristics, based on the then-current operating plan for the reactor
fleet. The waste tracking system will continue to track the waste packages emplaced in the DGR and can
provide a running inventory of total waste emplaced at any time along with the characteristics of the emplaced
waste.
During DGR operations, all waste packages sent to the DGR will be checked against the DGR waste
acceptance criteria, which will include measuring the waste package dose rate to ensure it is within specified
limits. If required for some waste types, inventories for individual waste packages can be estimated from the
measured dose rates and waste-type specific scaling factors or from additional analyses.
A program for verifying waste inventories during the operational phase will be developed and provided as part
of the Operating Licence application.
During DGR operations, an updated current inventory of waste volume and total radioactivity stored at the
DGR will be provided on a quarterly or annual basis, similar to the quarterly reports presently issued by the
Western Waste Management Facility to the CNSC. An updated projected inventory based on the received
waste packages and future forecast packages would be provided in support of subsequent licence renewal
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applications.
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OPG Response to the Joint Review Panel LPSC Information Requests Package 1
IR#

LPSC-01-01

NSCA
Regulations
Section #


Class 1
Nuclear
Facilities
Regulations
(C1NFR)
5(a) and (d)

Information Request and Response

Information Request:
For surface structures, provide clarification on the required application of the current edition (2010) of the
National Building Code of Canada (NBCC) to all surface building and structures, including those surface
buildings and structures that relate to mining activities.
Context:
Table 6-1, in PSR 6.1.2 Applicable Regulatory Standards and Codes, identifies the application of the National
Building Code of Canada (NBCC). The Project Requirements, section 19.2 titled Buildings and Structures,
states that
“(a) Surface facilities (except “mine-specific”) - NBCC (2005)
(a) Surface facilities - Ontario Regulation 213/91, Construction Projects (applicable to construction work to a
nominal depth of 50 m below ground surface)
(b) Surface facilities and underground waste handling - Ontario Regulation 851/90, Industrial Establishments
(c) Underground facilities - Ontario Regulation 854/90, Mines and Mining Plants.”
While the text identifies NBCC (2005) for surface facilities excepting mine-specific, CNSC staff notes that all
surface facilities, including those that relate to mining activities and are described in the document as ‘minespecific’, are required to comply with the current editions (2010) of the National Building Code of Canada.
Assurance is needed on the application of the current editions of the NBCC to all surface structures, including
those that relate to mining activities.
OPG Response:
The design activities supporting the preparation of the Preliminary Safety Report (PSR) were completed prior to
the issuance of the National Building Code of Canada (NBCC), 2010 edition. As stated in Section 19.0 of the
Project Requirements, DGR-PDR-00120-0001 (NWMO 2010), the most current version of referenced
regulations, codes and standards are to be applied to the project, hence any future design work will be
compliant with the 2010 edition, or later, as appropriate.
The NBCC is applied to all of the surface buildings and structures with the exception of the application to
headframes with respect to the NBCC live load factors. The Ontario mining regulations, Regulation 854/90,
Mines and Mining Plants, Section 208(d), state “A headframe on surface or underground in an underground
mine shall, (d) be of sufficient strength to safely withstand all loads to which it is likely to be subjected”. The
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NBCC does not have applicable live load factors specific to headframes or the loading of the hoisting
equipment. For this requirement, the headframe designs assume a rope break scenario as being the limiting
load to design. For the DGR headframes, the design uses a factor of 1.1 for the conveyance rope breaking
load as the most significant load, which is consistent with mining industry practice.
Reference:
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste
Project Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002.
Toronto, Canada.
LPSC-01-02



C1NFR 5(d)
and (e)

Information Request:
For fire protection, provide clarification on the application of the current edition (2010) of the National Fire Code
of Canada (NFCC) to the fire protection systems of all surface facilities, including those described as mine
specific; and the application of the current edition (2010) of the NFCC to below ground areas. Also confirm the
correction to reference the current edition of the NBCC which is 2010.
Context:
Table 6-1 of PSR 6.1.2 identifies the application of the National Fire Code of Canada (NFCC). The Project
Requirements, section 19.3 titled Fire Protection System, states that:
“(a) Surface facilities (except “mine-specific”) - NBCC (2005)
(b) Underground mine-specific (e.g., head frames, hoist rooms) facilities – Ontario Regulation 854/90, Mines
and Mining Plants
(c) Surface facilities – National Fire Code (2005)
The text indicates ‘underground’ facilities as complying with O. Reg. 854/90 for the fire protection system. It is
CNSC staff’s opinion that the National Fire Code of Canada requirements are applicable to the underground
portion of the facility also. This is to ensure that the appropriate inspection, testing and maintenance of the fire
protection features are implemented.
All surface facilities, including those that relate to mining activities and are described in the document as ‘minespecific’, are required to comply with the current edition (2010) of the NBCC. Further, the current edition (2010)
of the NFCC also applies to fire protection systems of the surface facilities.
For the fire protection system, assurance is needed as to the codes to be applied to the surface and below
ground facilities.
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OPG Response:
The design activities supporting the preparation of the Preliminary Safety Report (PSR) were completed prior to
the issuance of the National Building Code of Canada (NBCC) and the National Fire Code of Canada, 2010
editions. In accordance with Section 19.0 of the Project Requirements, which states that ‘The latest version of
all regulations, standards and codes listed in this section will be used; the newer codes; National Building Code
of Canada – 2010 (NBCC) and the National Fire Code of Canada - 2010 (NFCC) will be used for future design
of the DGR, along with more stringent applicable requirements in the Ontario Health and Safety Act (OHSA)
regulations.
OPG concurs with CNSC staff’s opinion that NFCC requirements are applicable to the underground portion of
the DGR. NFCC will be followed and alternative solutions (Ref. NFCC A.1.2.1.1.(1)(b)) will be pursued if
needed. As well, for the underground portions of the facility, the inspection, testing, and maintenance of the fire
protection systems is covered by the OHSA Mines and Mining Plants Regulations (O.Reg. 854/90). The Mine
Regulations require monthly inspections of fire extinguishing equipment, fire suppression systems, fire
hydrants, and fire doors both below-grade (Section 28.3) and above-grade (Section 41.5), and monthly
inspections of the escapement exit (Section 37.2(f)). These inspections are required to be carried out by a
competent person and the results reported in writing to the mine supervisor. Reference to the inspection,
testing, and maintenance requirements of the NFCC will be included in the inspection program for the
underground portion of the facility to provide added assurance that the inspections required by the OHSA Mines
and Mining Plants Regulations are being carried out in accordance with all recognized and accepted practices.
Please see the response to Information Request IR-LPSC-01-01 for use of the NBCC for the design of surface
facilities. On the surface, the facility has supporting headframe structures for the mine hoists. The occupancy
classification has been determined to be a low hazard since it is not an occupied building, however there are
periodic inspections and maintenance activities. The structure is classified as a Group F division 3
classification. In locations of fire hazards, local dry type suppression systems will be used, as well as fire
detection systems. This will minimize moisture into the mines. This interpretation is consistent within the
mining industry across Canada.
LPSC-01-03



C1NFR 5(d)

Information Request:
With respect to seismic hazards, provide information clarifying the edition of the NBCC that will be used in
design the DGR surface buildings and structures to withstand earthquakes and identify the peak ground
acceleration that will used for the design and include information on the basis for its use.
Context:
PSR 6.1.2 specifies that the DGR design will comply with the National Building Code of Canada (NBCC). Table
4-10 of PSR 4.5.2.2 provides peak ground acceleration from a seismic hazard assessment that refers to the
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2005 edition of the NBCC. The Project Requirements, section 6.1, states that ‘the occurrence of a seismic
ground motion event, as specified in the NBC (2005) shall not lead to a structural failure in DGR surface
facilities …’.
CNSC staff can not confirm the application of appropriate seismic accelerations to the detailed DGR design.
OPG Response:
The design supporting the Preliminary Safety Report (PSR) development was completed before the latest
National Building Code of Canada – 2010 (NBCC) edition was released. As per Section 19.0 of the Project
Requirements, DGR-PDR-00120-0001 (NWMO 2010), the most current version of referenced regulations,
codes and standards are to be applied to the project. Future design activities will use the latest NBCC seismic
requirements as provided in NBCC (2010) Appendix C, Volume 2 as follows:






Sa (0.2): 0.11
Sa (0.5): 0.075
Sa (1.0): 0.049
Sa (2.0): 0.016
PGA: 0.036

Sa(T) is a series of factors summarized as being the 5%-damped horizontal spectral acceleration values for
0.2, 0.5, 1.0, and 2.0 second time periods (T), expressed as a ratio of gravitational acceleration.
PGA is: Peak Ground Acceleration (also expressed as a ratio of gravitational acceleration).
Reference:
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste
Project Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002.
Toronto, Canada.

LPSC-01-04



C1NFR 5(e)

Information Request:
With respect to pressure retaining systems, provide information clarifying the application of Canadian Safety
Association, General Requirements for Pressure Retaining Systems and Components for Candu Nuclear
Reactors (CSA 285-08) and its updates, to the design effective date, in the DGR Project Requirements and
PSR.
Context:
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OPG indicates in PSR 6.1.2, Table 4-10, and in section 19.4 of Project Requirements, their application of
Canadian Safety Association, General Requirements for Pressure Retaining Systems and Components for
Candu Nuclear Reactors CSA N285-08 to pressurized systems in the DGR. CNSC staff note that Update No. 2
to this standard has been issued.
Assurance is needed that CSA N285-08 and associated updates will be applied to pressurized systems and
components in the DGR facility design.
OPG Response:
As stated in Section 19.0 of the Project Requirements, DGR-PDR-00120-0001 (NWMO 2010), the most current
version of referenced regulations, codes and standards are to be applied to the project. The use of the
CSA N285.0-08 Standard and the two (2) updates; No.1 (2009) and No.2 (2010) will be documented in the
System Classification List (SCL) for the pressure retaining systems of the DGR.
This requirement will then be translated into the design documentation, as appropriate. Control and compliance
with the CSA standard will be accomplished through governance, project management and oversight of the
DGR Project.
For pressure boundary systems identified in the design, a package will be submitted to the Technical Standards
& Safety Authority (TSSA) for registration and will include a copy of the SCL, flow diagrams, calculations, etc.
The TSSA will review the design of the pressure boundary systems for compliance with the CSA standard
before issuing a Canadian Registration Number for the piping system(s).
Reference:
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste
Project Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002.
Toronto, Canada.
LPSC-01-05



C1NFR 5(a)

Information Request:
Provide information on the design standard that will be used for concrete structures.
Context:
Table 6-1 in the PSR identifies CSA A23.1 and A23.2 (titled Concrete materials and methods of concrete
construction/Test methods and standard practices for concrete, respectively) but did not reference a standard
for the design of concrete structures. CSA A23.3, Design of Concrete Structures, is standard that is considered
by CNSC staff to be acceptable for the detailed engineering of the concrete structures.
Confirmation is needed that appropriate standards are applied to the design of concrete structures for the DGR
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facility.

OPG Response:
CAN/CSA A23.3, Design of Concrete Structures is applicable to the design of surface structures for the DGR
facility.
The one exception to the application of this standard is the design of the shaft liner. Applying the standard to
the shaft liner could require that the concrete be reinforced with rebar which is detrimental to the long-term
performance of the liner. The use of steel reinforcing in the shaft liner, specifically in the DGR application
where contact water will be brine, can result in the corrosion of the reinforcing steel as this water saturates the
concrete. This will result in spalling of the concrete and allowing water to enter the shaft. The shaft liner design
takes guidance from geomechanical modeling of the shafts including aspects such as swelling pressures,
seismic effects, etc.
It is common practice in the Canadian mining industry to construct non-reinforced concrete liners and adjust the
thickness of the liner to account for changes in compressive loads.
LPSC-0105a
Also relevant
to LPSC-0117
(Supplementary
response
submitted on
July 10, 2012 as
a result of the
clarification
meeting with
CNSC on May
1, 2012)



C1NFR 5(a)

OPG Supplementary Response:
The following information is provided in addition to the initial responses to IR-LPSC-01-05 and IR-LPSC-01-17.
The response provides additional detail on the interaction and iterative nature of the shaft liner design and the
detailed modeling activities. Further information is also provided on the seismic analysis for the shafts and
underground structures.
The shaft and underground 2D and 3D modeling is being conducted with a parameter set that has been
developed from the information collected as part of the site characterization and shaft pilot hole activities.
Where information cannot be measured from surface (e.g., in-situ stress conditions at depth), expected ranges
are considered in the modeling parameters from a conservative perspective. The modeling parameters have
been reviewed and agreed by an independent Technical Review Group expert in 2011.
Field verification of measured and expected parameters will be completed as described in the Geoscientific
Verification Plan (NWMO 2011) as provided in the licensing submission.
Shaft Liners
The concrete shaft liners will be designed as plain concrete structures without reinforcing and will be designed
according to Section 22 of CAN3-A23.3-04. Additional codes and standards for the design of the shaft liner are
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as follows:




Occupational Health and Safety Act and Ontario Regulation 854/90, Mines and Mining Plants,
National Building Code of Canada and Commentary 2010 (NBCC 2010),
CAN/CSA S16-09 Limit States Design of Steel Structures.

The two circular shaft liners will be poured directly against supported rock (refer to response to IR-LPSC-01-32
for preliminary rock support requirements during shaft development). The liners will resist loadings in
compression. It is expected the shaft liners will have a minimum thickness of 300 mm, with varying thickness of
the liners to resist varying hydrostatic and rock loading conditions. The liners will be constructed as a
hydrostatic liner in the upper 200 m of the shafts where rock formations are relatively permeable. Below this
upper water bearing zone the rock formations have very low permeability and thus the shaft liners can be
designed as a “leaky liner”. In the “leaky liner” design, any groundwater inflow behind the liner is allowed to
drain into and down the shaft in a controlled manner. This prevents build-up of water pressure behind the liners
and avoids the need to construct a thick liner to withstand hydrostatic loading.
Geomechanical modeling of the shaft excavations are being completed to estimate rock loading over the full
depth of the shafts and to estimate how this loading will vary with time. The modeling is iterative with the liner
design and will be used to assess impact of dimensional requirements and construction assumptions for shaft
development (e.g., excavated diameter, length of the development round, distance the shaft liner trails the shaft
sinking face, etc.) on predicted rock loading.
Construction of the shaft liners will be influenced by the contractor selected to sink the shafts. Typically,
formwork is placed as part of the shaft sinking sequence from the working stage (Galloway) and the liner is
poured in segments as the shaft advances. The segment length and distance the liner trails the sinking face
will be determined by the shaft sinking sequence, and is likely to match the set steel spacing of 5 m.
Shaft Liner Design Loads
Internal and external loads govern the liner design.



Internal loading of the shaft liner include: static loads such as steel set weight and loaded pipe/cable
weight as well as dynamic loads such as the conveyance travel impact loads;
External loading of the shaft liner include: rock load, seismic load, hydraulic load, and rock swelling
load.

The external loads are critical for liner design and are determined by many factors, such as the specific site
geology, geomechanical properties, shaft diameter, liner thickness, ground water level and seismic data. The
site geological and geotechnical information are based on the results from the site characterization boreholes,
as well as, the site shaft pilot borehole investigation and laboratory testing completed in 2011.
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Rock Load: Loading due to the relaxation of rock upon excavation and the plastic deformation when the rock is
overstressed. Loading from the corrosion of rock support is also taken into account conservatively during the
operating life of the repository.
Hydraulic Load: Shaft pilot boreholes DGR-7 and DGR-8 reveal open fractures within the upper 195 m of rock
mass resulting in high hydraulic conductivity which could result in substantial inflow into the shaft opening. This
is consistent with the results from boreholes DGR-1 to DGR-6. An impervious shaft liner is thus designed to
resist full hydraulic pressure. Below this horizon, there will be no hydraulic load acting on the shaft liner as the
fully drained liner construction allows the relief of pressure at the rock/concrete interface.
Seismic Load: The seismic loading considered is a 1/2500 p.a. seismic event as in the 2010 NBCC. Stresses
translated from these seismic deformations in longitudinal and transverse direction act as shaft design input. A
detailed description of the load case is presented in the response to IR-LPSC-01-05.
Rock Swelling Load: Time dependent deformation characteristics are known to exist in several shale rock
units of the sedimentary sequence at the site. Swelling pressure would generate in the rock should there be
the presence of fresh water or water with low total dissolved solid (TDS). Because of the low permeability of
rock formations and the presence of drains and seepage cut-offs along the shaft system, the activation of the
swelling load on the shaft is unlikely.
These basic load cases will be combined into several load combinations as per 2010 NBCC. Two ANSYS
models (one circle ring model simulating of the concrete liner based on plane strain theory, one 3D cylinder
model) will be created and analyzed under each load combination. The analysis will identify which parts of the
liner exceed the allowable compression and tensile stresses. The liner will be designed against buckling and
compression failure under the external load combinations. Elastic mechanics theory will be used to determine
the minimum liner thickness to prevent buckling. It is anticipated that the concrete shaft liner will be
unreinforced for both the hydrostatic portion of the liner in the Devonian and the Upper Silurian formations
above 195 mbgs and the fully drained (leaky) liner below this stratum. Unreinforced design in concrete lined
shafts is common practice in typical mining applications.
Seismic Analyses Methodology
The seismic stability of shafts and emplacement rooms were analysed based on the response spectra of an
-4
earthquake with an annual probability of exceed of 4 × 10 generated from a comprehensive seismic hazard
assessment conducted as part of 2011 Environmental Assessment submittals (AMEC Geomatrix 2011). Given
the low magnitude of ground motion at depth due to underground confinement and the low extent of seismic
damage of underground structures (Owen and Scholl, 1981) pseudo-static analysis was selected for the shaft
and cavern design. This approach was accepted by the geomechanical experts of the Technical Review
Group. Both analytical and numerical methodologies of the pseudo-static analysis were used (Hashash et al.
2001) and are described below.
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Shaft Analysis (performed for all formations where geotechnical data existed):





Analytical analysis of shaft liner/ground interaction is being conducted for longitudinal strain and
curvature that would develop when shear wave travels vertically causing bending of shaft in a
sinusoidal mode.
Analytical analysis of shaft liner/ground interaction is being conducted for transverse compression and
shear waves travelling horizontally which would deform the shaft opening into an oval shape (ovaling)
causing hoop stress and bending moments. All shaft sections analyzed will be verified using numerical
analysis for loading on the liner as well as the changes in stresses in the surrounding rock.
Shaft liner loads resulting from the above shaft liner/ground interaction analyses will be used as an
input to the structural design of the shaft liner.

Emplacement Rooms and other underground openings:


Analysis of the unlined emplacement rooms at the repository level is being conducted for the changes
of rock stresses and rock support loading that would occur due to seismic racking deformation imposed
on the excavation opening.

References:
AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix, Inc. report for the Nuclear
Waste Management Organization NWMO DGR TR-2011-20 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Hashash Y.M.A., J.J. Hook, B. Schmidt and J. I-Chiang Yao. 2001. Seismic design and analysis of
underground structures. Tunnelling and Underground Space Technology 16, p. 247-293.
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization Document NWMO
DGR TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Owen, G.N. and R.E. Scholl. 1981. Earthquake Engineering of Large Underground Structures. Prepared for
the Federal Highway Administration, FHWA-RD-80-195.
LPSC-01-06



C1NFR 5(d)

Information Request:
Provide a description of the foundations for the surface structures, including information addressing their
suitability for the general ground conditions.
Context:
The general design of the surface structures is provided in PSR 6.2, but no description of the foundations for
the surface structures is included.
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Descriptions of the foundations for the surface structures are needed to complete the description of the general
design of the DGR facility.
OPG Response:
A geotechnical field investigation program was conducted at the DGR project site in 2011 in support of the
design (refer to the response to IR-EIS-01-01). On the DGR project site where surface facilities will be located,
the overburden is generally comprised of a layer of topsoil or fill that overlies a thick layer of dense to very
dense glacial till. At some locations, layers of silt, sand, clayey silt, or sand and gravel were present between
the fill and the till deposit or at the ground surface directly above the till deposit. Beneath the overburden is
dolostone bedrock.
It is planned that the headframes will be founded on bedrock as part of the shaft collar construction. All other
permanent surface structures are planned to be founded on the glacial till and/or an engineered fill material.
Planned column foundations will generally be of spread footing type; supplemented with strip footings for
masonry wall elements and with an option for providing concrete grade beams as required for areas where
ground settlement may be a consideration or other special conditions dictate. Equipment foundations for
specific installations, such as emergency power generators, surface mounted hoisting installations and
ventilation equipment will generally be of monolithic concrete construction with a ground bearing interface on
the sub-grade.
LPSC-01-07




C1NFR 5(d)
and (4)
Radiation
Protection
Regulations
(RPR) 4

Information Request:
Provide information demonstrating that the regulatory equivalent dose limits for Nuclear Energy Workers
(NEWs), non-news and members of the public are part of the radiation protection requirements for DGR design
and operation, and that they will be adhered to and kept as low as reasonably achievable (ALARA).
Context:
Sections 15.2.2 and 3 of the Project Requirements, referenced in PSR 6.1.2, identify occupational dose limits
and dose constraints in terms of ‘effective’ dose and the requirement that the DGR be designed, constructed,
operated, and decommissioned in keeping with ALARA. Section 7.1.2.1 of the PSR and the Preliminary ALARA
Assessment report present dose limits and targets in terms of effective dose.
No acknowledgement or demonstration was made of the ‘equivalent’ dose limits as part of the radiation
protection requirements for DGR design and of the adherence to these limits, or to keeping these doses
ALARA.
OPG Response:
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The regulatory equivalent dose limits are contained within the Radiation Protection Regulations, and as noted in
the Preliminary Safety Report (PSR) the DGR will be compliant with these regulations:




PSR, Section 1.4.1, Section 7.1.2.1 and Section 10.1, indicate that the Radiation Protection
Regulations (SOR/2000-203) are applicable to the DGR.
PSR, Table 6-1 and Section 6.10.1, indicate that the DGR will be compliant with the OPG Radiation
Protection Requirements. These OPG requirements include equivalent dose limits that are equal to the
CNSC limits (Sections 4.1 to 4.3, OPG 2001).
Preliminary ALARA Assessment, Section 4.1 (SENES 2011) indicates that the Radiation Protection
Regulations apply (SOR/2000-203), and Section 4.2.1 indicates that the regulations are implemented
through the OPG Radiation Protection Requirements (OPG 2001).

The regulatory dose limits specifically presented and discussed in the PSR and Preliminary ALARA report are
the whole body effective dose limits. This is consistent with the nature of these wastes and waste handling,
where the whole body effective dose is the practical limit. It is also consistent with other OPG waste
management facility safety reports - in particular the WWMF Safety Report (OPG 2009a, Section 1.5).
With respect to workers (i.e., NEWs), WWMF experience indicates that effective dose is generally more limiting,
as documented in the quarterly reports. As an illustrative example, in the 2009 Fourth Quarter, the largest
individual dose was 0.70 mSv external whole body, 0 mSv skin beta, and 2.06 mSv extremity (OPG 2009b).
Although the extremity dose is higher than the external whole body dose (since the extremities are closer to the
packages), the extremity dose limit (500 mSv/yr) is also much higher than the whole body dose limit
(20 mSv/yr) and therefore the effective whole body dose is closer to its limit. In this example, the quarterly
extremity dose is 2.06/500 =0.4% of dose limit, while the effective whole body dose is 0.70/20 = 4% of dose
limit.
Similar wastes and waste packages will be handled at the DGR, so the same conclusion is expected. That is
as long as the worker whole body effective dose remains within its limit, practical experience at WWMF
indicates that the worker doses will also remain within the equivalent dose limits. This expectation will be
confirmed during operations.
With respect to non-NEWs, their effective dose limit is proportionally more restrictive than their equivalent dose
limits (i.e., 1 mSv/yr whole body, 50 mSv/yr skin and extremities). Also, since non-NEWs are not handling
waste packages, their equivalent doses will be even smaller relative to whole body effective dose than for
NEWs. Therefore, the PSR conclusion, that DGR operations will not exceed non-NEW effective dose limits,
provides confidence that it will also not exceed non-NEW equivalent dose limits.
With respect to the public, the DGR emissions will be much less than the preliminary DGR Derived Release
Limits (DRLs). The preliminary DGR DRLs are set to the WWMF DRLs (OPG 2003). The latter were derived
considering both effective and equivalent dose limits. Therefore, the DGR emissions will remain within public
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equivalent dose limits.
With respect to postclosure performance, the assessment is based on effective whole body dose limits. This is
consistent with the potential exposure situations, which would involve chronic dose due to released
contaminants in the environment leading to a whole body dose through ingestion, inhalation and immersion. It
is consistent with ICRP and CNSC recommendations that postclosure safety be assessed based on the
effective dose. ICRP (1998) states that: "... the annual individual effective dose to a critical group for normal
exposure and the annual individual risk to a critical group for potential exposure will together provide an
adequate input to a comparison of the limiting detriment to future generations with that which is currently
applied to the present generation." The same idea is again communicated in the CNSC G-320 regulatory guide
(CNSC 2006), which states that: "Long term safety assessments of a facility or contaminated site should
provide reasonable assurance that the regulatory radiological dose limit for public exposure (currently 1 mSv/yr)
will not be exceeded."
References:
CNSC. 2006. Assessing the Long-term Safety of Radioactive Waste Management. Canadian Nuclear Safety
Commission Regulatory Guide G-320. Ottawa, Canada.
ICRP. 1998. Radiation Protection Recommendations as Applied to the Disposal of Long-lived Solid
Radioactive Waste. International Commission on Radiological Protection. ICRP Publication 81.
OPG. 2001. Radiation Protection Requirements - Nuclear Facilities. OPG Requirements N-RPP-03415.110001 R07. Toronto, Canada.
OPG. 2003. Derived Release Limits for the Western Waste Management Facility. Ontario Power Generation
report 0125-REP-03482-00002 R00. Toronto, Canada.
OPG. 2009a. Western Waste Management Facility Safety Report. Ontario Power Generation report W-SR01320-00001 R002. Toronto, Canada.
OPG. 2009b. Nuclear Waste Management Division Western Waste Operations, Quarterly Operations Report,
Fourth Quarter – 2009. Ontario Power Generation report W-REP-00531.1-00054-R00. Toronto, Canada.
Radiation Protection Regulations. SOR/2000-203. Canada.
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
LPSC-01-08




C1NFR 5(d)
RPR 4(a)

Information Request:
For the Waste Package Receiving Building (WPRB) provide information clarifying:
157

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA
Regulations
Section #
and 5

Information Request and Response

 how ALARA is accounted for in the design of the WPRB (for NEWs and Non-NEWs);
 the maximum number of intermediate level waste packages that the intermediate level waste staging
area is expected to support in an 8 hour shift;
 the maximum dose rate from the low and intermediate level waste packages in the staging areas;
 the location and general layout of adjacent control room and offices; and
 the application of ALARA in the design for those working in the office/control room.
Context:
PSR 6.2.1.2 Waste Package Receiving Building provides a general description of the number (24) of low level
waste packages but not the number of intermediate level package that the staging area may support during an
8 hour shift.
PSR 6.2.1.2 states that “localized shielding is incorporated into the WPRB wall design adjacent to the staging
area, as required to protect workers … in accordance with OPG radiation protection requirements” and that the
detailed engineering will ensure “the external dose rate outside the WPRB is below the OPG 25 µSv/hr building
exterior radiation protection requirement and that dose rates in the office/control room are below the dose target
of the 10 mSv/year.” (see PSR 7.7.1).
Further, PSR 10.1.1 Keeping Doses ALARA, affirms that radiation exposure is, amongst other things, managed
by “establishing facility design optimized on the basis of ALARA considerations”.
CNSC staff expects that the structures are designed to ensure regulatory dose limits are respected and
radiation exposures to individuals are ALARA. An examination of the Preliminary ALARA Assessment did not
provide an account for workers in the office/control room area. Given the design targets, 25 µSv/hr at the
building exterior and < 10 mSv/yr for the Zone 1 office/control room, it is not apparent whether the regulatory
dose limits and ALARA have been taken into account for non-NEW workers in the design of the WPRB.
No information is provided on the maximum dose rate from the low and intermediate level packages that will be
used for the detailed engineering of the shielded wall, and figure 6-4 of the PSR does not clearly illustrate the
location of the adjacent rooms and offices.
OPG Response:
The Preliminary Safety Report (PSR), including the Preliminary ALARA Assessment (SENES 2011), considers
the preliminary engineering design. At this design stage, shielding was not specified, but was assumed to be
included as part of the detailed design, as appropriate to meet regulatory (NEWs and non-NEWs) and ALARA
requirements.
Specification of the shielding is part of the detailed design, and is not presently complete. The ALARA results
will be provided with the Final ALARA Assessment report that will be prepared as part of the supporting
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documentation for the DGR Operating Licence application.
Responses to the questions are provided below.
1. Accounting for ALARA in Design of the WPRB
The results of the detailed shielding assessment will specify the shielding requirements in the WPRB that will
help ensure that dose rates remain below regulatory limits for NEWs (Zone 2) and non-NEWs (Zone 1), and are
ALARA.
Dose limits will be further managed through operational procedures including task dose planning, monitoring of
individual worker doses and assignment of tasks, and scheduling of package deliveries. As an example of the
latter point (which would benefit both NEWs and non-NEWs), it is planned to initially transfer mostly LLW from
WWMF into the DGR, which will allow additional time for in-situ decay of ILW at WWMF before it is transferred.
2. Maximum Number of ILW Staged per Shift
ILW packages are normally present for a short period as they are transferred from the vehicle to the rail cart
and then underground. The WPRB is planned to have a throughput of 2 ILW packages in an 8-hour shift. It will
normally operate on a 5-day, 8-hr shift basis 2 ILW packages may be temporarily staged at the WPRB.
3. Maximum Dose Rate from L&ILW Packages in the Staging Area
The DGR Waste Acceptance Criteria include the following waste package dose rate limits (Table 5-5, PSR):
‐
‐
‐

2 mSv/hr on contact with external surface of waste package or shielding
0.1 mSv/hr at 1 m from package to be transported
Exceptions may be approved by responsible health physicist.

The design basis for WPRB shielding calculations is a minimum of a single waste package at 2 mSv/hr contact.
The maximum allowable dose rate for multiple packages will be assessed as part of the detailed shielding
design.
4. Location and Layout of Adjacent Control Room and Offices
The locations of the Control Room and Offices within the Amenities Building will be reviewed as part of the
detailed design, with detailed shielding assessments conducted in the occupied areas to ensure dose rates
remain consistent with the specific location zoning (Zone 1 or Zone 2) and are ALARA.
5. Application of ALARA in Amenities Building Design
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The Amenities Building contains Zone 2 and Zone 1 areas. The Zone 1 areas are being designed for a monthly
dose rate average of less than 0.5 μSv/hr, consistent with OPG Radiation Protection Requirements (equivalent
to a maximum dose of 1 mSv/yr for an assumed 2000 hr/yr occupancy). Detailed shielding calculations and
review of locations of offices and control room mentioned above are part of ongoing ALARA considerations.
Reference:
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
LPSC-01-09



C1NFR 5(e)

Information Request:
Provide information clarifying both the need and availability of a back-up air supply in tanks or bottles to
maintenance areas and refuge stations, and of the need for instrument air. Include supporting information when
addressing need.
Context:
In the description provided in PSR 6.2.1.4 on the compressor building used to provide air to maintenance areas
(surface and underground) and to refuge stations (underground). It was unclear whether back-up air in tanks or
bottles is also being provided in case of a complete loss of compressed air. It is also unclear whether there is
any requirement for instrument air.
OPG Response:
During DGR operations the surface-based compressors will deliver service air to the underground Maintenance
Shop, Service Garage, Main Sump and Shaft Bottom Sump. There is no requirement for separate instrument
air.
The permanent Refuge Station has been sized and designed for 50 people. It has as its design basis 7.645 m3
of breathing air per person which is sufficient for 8 hours of containment without additional air supply (MASHA
1998). There are breathing air lines to the refuge station supplied by the surface-based compressors as per the
requirements of Ontario Reg. 854/90 for Mines and Mining Plants, Section 26. There will not be breathing air
supply in tanks or bottles in or near the permanent refuge station. In addition to the permanent Refuge Station,
there will be portable refuge stations positioned closer to the emplacement rooms as they are filled during
operations.
The compressed air delivery system has several levels of redundancy. Namely, two compressors, one
operational and one spare and two supply lines (one in each shaft). The compressors are connected to
emergency power that comprises two diesel powered generators providing 100% load redundancy. There is
emergency power to the auxiliary hoists to bring underground workers out, with emergency egress routes
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available to staff.
The portable refuge stations will be supplied with breathing air from the surface-based compressors, as well as
contained in compressed air bottles.
Reference:
MASHA. 1998. Mine Rescue Refuge Stations Guidelines. Mines and Aggregate Safety and Health
Association (now Workplace Safety North). Sudbury, Canada.
LPSC-01-10



C1NFR 5(e)

Information Request:
Provide additional information on the electrical systems, including the induction motor(s) that are its largest
load, and the emergency power system. Include information on the basis for the identified emergency power
loading and period of operation, and address NBCC emergency power requirements for the fire alarm system.
Also address such things as: the kinds of analyses used to assess voltage and current at bus bars and to avoid
common mode power failure; the use of batteries in the emergency generator, and in emergency lighting and
communication; and the hazards that will be considered for the locations of distribution and control panels.
Context:
While general information is provided in PSR 6.2.4 on the induction motor, electrical supply and emergency
power, information related to design and operational safety were missing such as:
 the standard for the induction motor(s) (National Electrical Manufacturers Association) (NEMA MG1);
 if the DGR will use the odd/even separation concept to avoid common mode power failure;
 if electrical transient assessment program analysis will be used to assess voltage and current at
various bus bars;
 if the fire alarm system is on the emergency power supply;
 the analysis for the basis of the 1750 kW emergency power presented in the PSR, taking into account
the maximum capacity of individual loads;
 if batteries will also be used to support emergency lighting and communication, and the basis for their
sizing;
 the basis for the 48 hour operation of the emergency diesel generator presented in the PSR, the
standard for the generator, whether there is a need for provisions to hook-up a portable diesel
generators, battery size for minimum five starts, the maximum black-out time for the facility; and the
 locations of electrical system distribution/control panels relative to natural event hazards (floods, etc);
and of secondary controls to address access emergencies to the main control room.
The additional information will enable a clearer understanding of the design of the electrical system and
emergency power supply.
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OPG Response:
Induction Motors
The following are the current reference heavy induction motor loads which will be fed from the power
distribution system. These loads may vary based on the final equipment selection and vendor
recommendations.
1. Main shaft hoist motors – 2 x 900 kW
2. Ventilation shaft hoist motors – 2 x 900 kW
3. Underground ventilation fans – 2 x 336 kW
The induction motors will be designed and constructed as per NEMA Standard MG-1, Motors and Generators
and CSA Standard C22.2, No. 100, Motors and Generators.
Class IV Power Distribution System
The electrical substation will have feed into each of two bus sections in the 13.8 kV switchgear. Electrical loads
will be divided into two buses based on odd/even concept to avoid common mode power failures. In the event
of a fault on one of the busses, the other bus will be unaffected. This main-tie-main arrangement provides
redundancy from a utility supply perspective and provides the ability to fully transfer the electrical load to either
bus section. The loads will be distributed between two buses in such a manner to have full redundancy.
The surface and underground facilities will be fed at 13.8 kV via the electrical substation that will step down
13.8 kV to 600 V and re-distribute power at 600 V or 208/120 V as required. The design is to accommodate
both the construction and operation needs.
Based on the preliminary load calculations, two dry type transformers (13.8 kV-600 V) will be sized as 4.0 MVA
each to provide N-1 redundancy for the aboveground loads.
Power shall feed down through the main and ventilation shafts at 13.8 kV and terminate at the 13.8 kV
switchgear in the underground substation. Each individual shaft cable will be rated based on the required
supply load for underground providing full redundancy; i.e., if a shaft cable is lost or faulted, the remaining shaft
cable will have sufficient capacity to distribute the required power without any scale back to operations.
The Class III & IV power system analysis will be carried out using SKM Power Tool Version 6.5 for different
possible scenarios to assess voltage and current at bus bars. Protection for the electrical substation will be
coordinated with upstream and downstream protection devices. Power system analysis reports including the
short circuits, transformer and line voltage drops, transient analyses as required, protection device coordination
and arc flash hazard analysis reports will be prepared. Studies will be performed for all electrical power
supplies to assure the stability under abnormal conditions.
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Class III Emergency Power Distribution System
Class III Power shall be provided through emergency generators in compliance with CSA C282-09 (Emergency
Electrical Power Supply for Buildings) to assure safety in the event of a Class IV power failure. It is not
intended to maintain full facility operation in this scenario.
Two diesel generator sets will be provided. In the event that one of the generators is not operable the second
generator can supply the total emergency load requirements. Provisions for portable generator connection are
being investigated for selected systems.
The capacity of the generators will be sized to meet the requirement of Class III power capacity requirements of
the facility. The generators will be sized taking in to account the maximum capacity of the individual loads.
Based on preliminary calculations, two 1,750 kW, 13.8 kV diesel generator sets are required. Once all loads are
identified as part of the detailed design, the size of the generator will be finalized.
The emergency power system will feed equipment through the cables and electrical equipment used for Class
IV distribution. All breakers in switchgears are motorized to allow remote operation by programmable logic
control (PLC) for load shedding when a generator is running. The generators shall be connected to the system
within 15 seconds as per CSA C282-09. The maximum black-out time will be less than 15 seconds. The
emergency power generator system will ensure operation of all critical safety systems, including but not limited
to, the following:

1.
2.
3.
4.
5.

Main and ventilation shaft auxiliary hoists and accessories;
Sump and dewatering pumps;
Two air compressors (any one of two will run under emergency power);
Fire alarm system; and
Emergency lighting and communications in the repository and on surface.

The volume of each fuel tank will be sized to supply 24 hours diesel at its full load capacity or maintain more
than 48 hours when the generator is running at around 35% rated load. Since each generator is equipped with
its own diesel tank, and each generator is capable of supplying full emergency power loading, the Class III
power system is capable to operate 48 hours under full loading during an emergency. Fuel storage capacity is
conservative as it is not expected that full loading will be required in an emergency situation and there is
minimal power requirements of the site once personnel are safely returned to the surface from the repository.
Batteries for each of the emergency generators will have sufficient capacity for two complete cranking cycles
which is 30 s of continuous cranking (i.e., a total of 60 s cranking time); or three 10 s crank attempts separated
by 10 s rest periods based on the requirements of CSA C282-09.
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Class II Power Distribution
An adequately sized local battery powered Uninterruptible Power Supply (UPS) with 20% spare capacity will be
provided for Class II back up power supply requirements. Critical emergency shutdown devices or panels, local
emergency lighting and communications will be UPS supported. Based on the maximum capacity of the loads,
the battery banks will be sized to carry the emergency loads for a period of two hours with the charger off. This
UPS will provide uninterrupted power for all critical loads during the black-out time before the emergency
generator comes online and acts as a secondary source of emergency power in the event of an emergency
generator system failure.
General Comments
All electrical equipment including distribution panels, control panels and all electrical terminations will be located
at the shaft collar elevations or above (determined from the elevation requirements determined from the
Maximum Flood Hazard Assessment, AMEC 2011) to limit the impact of postulated flooding events on the
electrical systems.
If access to the main control is not possible during an emergency, secondary hoist control in the main and
ventilation headframes will be available. Beyond hoist control, the main purpose of the main control room is to
monitor on-going facility operations.
Reference:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada.
LPSC-01-11



C1NFR 5(d)

Information Request:
Provide information on the Human Factors (HF) design standard, criteria, and/or guidelines that has been and
will be used in the detailed design. Identify the areas, both above and below ground, where Human Factors are
being applied to the design. Provide additional information on the activities in the main control room and design
features in other safety-significant areas.
Context:
PSR 6.2.1.4 and 6.2.1.4 provide descriptions of the design of the Waste Package Receiving Building (WPRB)
and the Main Control Room. Project Requirements, section 19, does not identify the Human Factors design
standard, criteria or guidelines that will apply to these areas and others, such as maintenance areas, refuge
stations, where Human Factors considerations should be applied in design for safety.
OPG Response:
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The project has developed a Human Factors Engineering Program Plan and Human Factors Verification and
Validation Plan. These detail the human factors (HF) standards, criteria and guidelines applicable to the
design. Where HF requirements cannot be incorporated into DGR-specific design activities (e.g., Human
Machine Interface (HMI), vendor supplied equipment) the requirements will be incorporated into procurement
specifications for verification and validation prior to selection.
The design of the Waste Package Receiving Building, offices, main control room, amenities building and all
other buildings/structures is reviewed for human factors considerations using a checklist-based verification
design review approach. The verification checklists used for design are based on human factors design
standards, guidelines and best practices. The HF design evaluation includes review of facility layouts, process
designs and equipment interface designs against the design review checklist. As a result of each evaluation,
HF design recommendations are developed for consideration for design modifications. Examples of design
standards, guidelines, and best practices that were used in the development of the checklist include:














CAN/CSA-ISO 9241-5-00. Workstation Layout and Postural Requirements (Adopted ISO 9241-4:
1998).
Chamberland, A., R. Carrier, F. Forest, and G. Hachez. (1997). Anthropometric Survey of the Land
Forces. Department of National Defence.
IEEE Std 1023-2004 (Revision of 1023-1998), IEEE Guide for the Application of Human Factors
Engineering to Systems, Equipment, and Facilities of Nuclear Power Generating Stations.
Applicable requirements of the National and Ontario Building Codes.
MIL-STD-1472F. Department of Defense Criteria Standard. Human Engineering. August 1999.
MIL-HDBK-759C. Department of Defense Handbook for Human Engineering Design Guidelines.
Nuclear Regulatory Commission. (2002). Human-system interface design review guideline (NUREG0700 Rev. 2). Washington, DC: United States Nuclear Regulatory Commission.
Nuclear Regulatory Commission. (2004). Human Factors Engineering Program Review Model
(NUREG-0711 Rev. 2.). Washington, DC: United States Nuclear Regulatory Commission.
Ontario Occupational Health and Safety Act, Ontario Ministry of Labour.
Occupational Health and Safety Act Ontario Regulation 851, Industrial Establishments
Occupational Health and Safety Act Ontario Regulation 854 Mines and Mining Plants Part III, 46 (9)
Pheasant, S. & Stubbs, D. (1994). Manual Handling – An Ergonomic Approach. National Back Pain
Association in collaboration with Thorn EMI.
Templer, J. (1992). The Staircase. Studies of Hazards, Falls and Safer Design. MIT Press.

The checklist-based review evaluates the work tasks and work areas against the following human factors
issues, where applicable:
 Clearance and Accessibility;
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LPSC-01-12



C1NFR 5
(d)(e)

Barriers and Protective Shielding;
Exits, Entrances and Doors;
Stairs, Ladders and Ramps;
Platforms, Catwalks and Walkways;
Floor Surfaces and Tripping Hazards;
Routes;
Lighting;
Temperature;
Humidity;
Noise;
Ventilation;
Vibration;
Radiological Exposure;
Personal Protective Equipment;
Working Postures;
Manual Handling;
Stand-up Console (Fixed) Dimensions;
Sit-Down Console (Fixed) Dimensions;
Vertical Panels;
Safety and Interlocks;
Routine Procedures; and
Human Machine Interface Requirements (requirements will be tailored depending on interfaces
provided).

Information Request:
Clarification is requested on the volumes of process water and underground seepage expected during the
construction period and how it has been considered in the sizing of the stormwater management pond.
Context:
PSR 6.2.4.8 provides a description of the stormwater management system which is to serve during both DGR
construction and operation. Information provided discusses the sizing of the stormwater management pond
based on catchment size and rainfall events. This information does not indicate consideration in the sizing of
excavation effluents during the period of underground construction (process water and underground seepage).
OPG Response:
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The flow rate of underground effluents during the construction phase is conservatively assumed to be a
constant 21 L/s [Note that the estimated flow rate of underground effluents during the operational phase is
much less at about 2 L/s]. The water will be pumped up the shaft from the main underground sump(s) and
discharged into an oil/water separator at the surface for treatment of oils, grease and suspended solids, prior to
discharge into the collection ditch system where it will flow to the stormwater management pond. A temporary
water treatment plant will be available and used, as required, to remove excess amounts of oils, grease and/or
suspended solids in the underground water (see response to IR-LPSC-01-27).
The design of the stormwater management pond, including outlet structure, will:






Ensure post-development peak flows for various storm events do not exceed current peak flows in the
existing site ditch leading to Lake Huron. [“Post-development peak flows” means peak flows after DGR
project development for construction or subsequent operational phase activities.];
Safely convey the peak outflow rate associated with 24-hour 100-year storm event;
Provide 24 hours of sediment settling time from stormwater runoff associated with 25 mm of rainfall in
6 hours; and
Ensure that the average annual Total Suspended Solids (TSS) concentration in the effluent does not
exceed 40 mg/L.

The stormwater management pond will have a pond outlet structure that consists of a discharge pipe and an
overflow weir. Water will normally leave the pond via the discharge pipe and in event of a major storm (say
100-year storm event) water would also discharge over the weir. All pond discharge water will flow into a set of
culverts under the “interconnecting road” and then via an existing site ditch system to Lake Huron.
The pond will be designed to attenuate post-development peak outflow rates such that they do not exceed predevelopment values for 24-hour rainfall events with return periods ranging from 2 to 100 years (see table
below). The underground water flow rate will be added to peak stormwater runoff rates where the later has
been estimated using catchment size, run-off coefficients and varying rainfall events. Thus construction water
volumes are being considered in the final design of the pond and its outlet structure.
Storm Event

Peak Run-off Flow Rate into
Stormwater Management Pond
(L/s)

24-hour rainfall event with return
period of 2 years
24-hour rainfall event with return

530

Average Run-off Flow rate into
Stormwater Management Pond
over 24-hour Period
(L/s)
6

3,700

14
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period of 100 years
Note: above estimates exclude inflow to pond due to underground construction dewatering, which is
conservatively assumed to be 21 L/s.
The pond will have a maximum storage volume of about 10,000 m3 which is the air volume between the
permanent pool of water at base of pond and the crest of the weir. During the 6-hour, 25-mm storm event,
rainfall run-off and construction water will flow into the pond. The rate of water inflow due to these two sources
of water will exceed the discharge capacity of the discharge pipe. Thus most of water inflow during the storm
event will be contained in the storage volume until discharged through the discharge pipe.
LPSC-01-13



C1NFR 5
(d)(e)

Information Request:
Provide additional information on the stormwater management pond including the liner(s), point of influent and
discharge control. The additional descriptions need to be supported with geotechnical information on the
subsurface conditions at the site of the management pond.
Context:
PSR 6.2.4 and 9.3.2 describes the design (drawing H333000-WP404-10-042-0001) of the stormwater
management pond as relying on natural or composite liner. No supporting geotechnical information has been
provided on subsurface conditions at the site of the stormwater management pond. There is little description of
the liner, point of influent, and discharge control.
Additional information is needed for a complete a description of the design stormwater management pond.
OPG Response:
The stormwater management pond will be located as shown on Drawing H333000-WP404-10-042-0001
(Preliminary Safety Report, Chapter 17 - Engineering Drawings). At the pond location there is between 0.7 to
1.5 m of surficial sand and gravel to clayey silt (fill materials) overlying at least 10 m of hard low-permeability
glacial till (refer to response to IR-EIS-01-01). It is envisaged that the pond will be excavated into this thick
glacial till unit and that the till will serve as a natural liner for the pond. The pond side walls will be lined, as
required, to limit lateral seepage into any surrounding permeable overburden that overlies the till.
Dewatering flows and stormwater runoff from the project site will be collected in ditches around the perimeter of
the site and surface facilities and discharged into the pond’s sediment forebay. The forebay inlet will be
appropriately graded and lined with riprap for erosion protection. The pond outlet structure will be built into an
embankment at the discharge-end of the pond and will consist of an overflow weir and a discharge pipe. The
overflow weir, together with the available active storage in the pond, will control pond discharges during rainfall
events with return periods of 2 to 100 years. The discharge pipe will control low flow discharges from the pond
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and ensure a minimum retention time for the settling out of suspended solids. In the event that Certificate of
Approval criteria are exceeded in the discharge (e.g. increased total suspended solids – TSS), the valve on the
discharge pipe can be closed discontinuing discharge. The pond outlet structure will be appropriately graded
and lined with riprap for erosion protection.

LPSC-01-14



C1NFR 5(e)

Information Request:
Provide additional information on the ventilation on the ventilation system and its operation in the area of the
underground facility. This information should address things as: size of ventilation tunnels, exhaust filtration
requirements; plenum description; control of contaminated condensation from ventilation; ventilation logic for
normal operation; and location of underground fans.
Context:
As described in the PSR and stated in 4.4 of the Preliminary Conventional Safety Assessment “The repository’s
underground ventilation system has been designed so that fresh air flows from the main shaft through the
emplacement rooms to the return air drifts and then exhausts through the ventilation shaft to the surface … .
Therefore, under normal conditions, workers are on the fresh air side of each workplace, with potentially
contaminated air being exhausted from the workplace.” While a description of the ventilation system design and
operation is provided, additional information is needed in areas such as the:






size of the return air tunnels that are also used for egress;
ventilation system exhaust filtration requirements;
plenum description;
control of contaminated water discharge from condensate associated with the ventilation shaft plenum;
the ventilation logic for normal operations, including service areas and tunnels, in both the day and
night time periods, and the
 general location of the underground fan(s)
The additional information is needed for a clearer understanding of the ventilation system, including the logic for
its operation.
OPG Response:
The requested additional information is as follows:


The finished, or “neat”, dimensions of the return air tunnels are 4.5 m x 4.65 m (width by height) in the
vicinity of the emplacement rooms and 5 m x 4.65 m elsewhere.



There is no requirement for air filtration at the exhaust for the underground ventilation system. During
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normal operation any evolving radioactive materials would be in gaseous form and would not be
captured by filtration. Under postulated accident conditions no filtration is assumed and predicted
consequence are small.

LPSC-01-15



C1NFR 5(e)



The intake plenum is a reinforced concrete tunnel that extends into the main shaft headframe subcollar. The two surface fans supply air to the main shaft via this nominal 4 m x 4 m cross-sectioned
concrete air tunnel, into the main shaft and then to the underground facilities.



The exhaust plenum starts as a concrete horizontal conduit below grade from the ventilation shaft. The
plenum than passes through two 45 degree bends to a surface conduit of round metal ducting before
discharging through a stack to atmosphere. The cross-sectional area on the concrete and metal
conduit is nominally 16 m2. The above ground portion of the exhaust routing will be insulated to reduce
the amount of condensation in this section during winter.



Any condensate water associated with cooling of ventilation air in exhaust plenum will be collected.
The final exit velocity of the ventilation air will be low enough that water droplets will not be propelled to
atmosphere. The plenum structure will have a sump and condensate will flow by gravity to the sump
where it will be collected. Depending on the concentration of tritium or any other radioactive
contaminants in the condensate, this water will be periodically removed from the sump and taken to a
facility that is licensed to handle this type of material, if required.



The ventilation logic for normal operations is described in Section 6.3.8.1 of the Preliminary Safety
Report (PSR). During day time normal operations, sufficient airflow will be delivered underground to
ensure adequate ventilation in all areas occupied by workers and equipment. Ventilation air will be
provided to all actively used rooms in the underground services area. Because it is currently
envisaged that the DGR facility will only be active during weekdays during the operational phase, it is
likely that the underground facility will be unoccupied during off-production hours. Thus the ventilation
volume could be reduced during off operations hours.



As described in Section 6.3.8.5 of the PSR, the main exhaust fans are located in the return air tunnel at
the location shown in Figure 6-14 of the PSR. (Note: An updated version of Figure 6-14 has been
provided to the Joint Review Panel with OPG Letter, A. Sweetnam to S. Swanson, “Updated
Information in Support of OPG’s Licence Application for a Deep Geologic Repository for Low and
Intermediate Level Waste”, CD# 00216-CORR-00531-00101, February 10, 2012.)

Information Request:
Additional information is required concerning:
 the ventilation logic for fire events and its relation to the egress strategy and the fire suppression
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strategy;
 the use of fire doors and temporary walls, their construction, and their function in the underground fire
suppression scheme; and
 the ventilation logic in the event of an incident involving the release from a non-fire event, of significant
quantities of volatile radionuclides or volatile hazardous substances.
Context:
Further to underground ventilation: PSR 6.8.3.2 states “To fight a fire in a waste-filled emplacement room, fire
doors or temporary barrier walls will be places across the entire cross-section of the access and return air drifts
to isolate….”
PSR 6.8.4 states “Ventilation fans and regulators underground are controlled remotely from surface … or
manually … . For safety reasons, no alteration or disruption to the ventilation system will occur until all
underground workers are accounted for and the mine rescue team has assessed the situation”; and the
Preliminary Conventional Safety Assessment states “The underground layout of the DGR … . … provides
secondary egress via the return air drifts.”
It is unclear how the ventilation will be operated in the event of a fire given the use of the return air drifts as
secondary egress and the identification of the use of fire doors (fixed structure location) and/or temporary
barrier walls as a fire suppression scheme (construction, possible locations and timing of implementation).
There was also no discussion of ventilation control in the event of an incident involving significant quantities of
volatile radionuclides or volatile hazardous substances.
The use of inflatable fire barriers to starve a fire of oxygen is not common, and may not be feasible from a
pragmatic implementation perspective. CNSC staff has concerns with this method of fire suppression. The
applicant will be required to demonstrate that the system is appropriately tested and qualified by an accredited
testing laboratory (such as ULC), be shown to be feasible through testing and case studies and be supported
by appropriate training and testing for the life of the facility.
Additional information is needed for a clearer understanding of the ventilation system logic and its relation to the
fire suppression scheme during abnormal events, such as fire. Information is also needed on how the
ventilation will work in the event of a significant release of volatile radioactive or hazardous substance.
OPG Response:
In the event of an underground fire or waste package drop, the ventilation flows will not be changed until all
underground personnel are accounted for in the refuge stations. This is a common practice in mining operations
as personnel know the ventilation flows in their work area and are counting on flow not to change while they are
retreating to a safe refuge. Also, continued ventilation flow provides notification of an event through the use of
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“stench gas” to indicate the need to report to the closest refuge station.
Emergency response procedures will define the required response by personnel to a fire underground. In
general terms, it is expected to be similar to the following. Upon notification of a fire, all underground personnel
will report to the permanent refuge station where they will remain and await further instructions. If the fire is
downstream of personnel, they will travel in fresh air back to the permanent refuge station. If the fire is
upstream of personnel, they will travel downstream into a ventilated empty emplacement room and then
through the return air tunnels to the permanent refuge station. The air speeds in the access tunnels and
emplacement rooms will be slower than personnel can walk, and thus personnel will be ahead of the
smoke/fumes. Once in the return air tunnels the air speed will increase to that where the smoke-filled air will be
travelling faster than personnel can walk. However, fires are normally progressive in nature and it is anticipated
that personnel would be able to advance along the return air tunnel to the underground services area before the
smoke could reach these personnel.
If the personnel are downstream of the fire and the room filling sequence is such that there is no empty room
for exit to the return air tunnels, then the personnel will retreat to the portable refuge station at the end of the
panel.
In the event of an underground accident involving the release of volatile radionuclides or volatile hazardous
substances personnel will follow the same general procedure as for a fire event. Once personnel are
accounted for in the refuge stations, the authorized person in charge will direct operations to deal with the
emergency event.
There is currently no plan to use inflatable fire barriers to starve a fire. Once underground personnel are
accounted for in refuge stations, plans for addressing the fire will be implemented. These plans may include:
ventilation volume changes, fire door closures in the access tunnel to each of the panels, temporary barriers if
practical, and/or mine rescue activity to control or extinguish the fire (refer to response to IR-LPSC-01-21). In
addition to portable fire extinguishers underground as required by the Ontario mining regulations, a portable dry
chemical fire suppression system will be available to the mine rescue team at a surface storage location and it
could be taken underground by the team to suppress a fire.
Mine rescue teams are required to periodically inspect all of their equipment to be sure that it is ready for use.
LPSC-0115a
Also relevant
to LPSC 0116, LPSC
01-21, and



C1NFR 5(e)

OPG Supplementary Respone:
This supplementary response provides information additional to responses to IRs LPSC-01-15, LPSC-01-16,
LPSC-01-21 and -LPSC-01-22. In other previously submitted material, responses to IRs LPSC-01-36 and
LPSC-01-43 also include information relevant to this supplementary response. Section 6.8 of the Preliminary
Safety Report (PSR) provides a description of fire-related design features pertinent to the construction and
operations phases of the DGR project; Section 7.5.1 of the PSR describes an assessment of radiological
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LPSC 01-22

releases resulting from fire scenarios.

(Supplementary
response
submitted on
July 10, 2012 as
a result of the
clarification
meeting with
CNSC on May
1, 2012)

Below is a summary of the methodology for ensuring that fire protection requirements and the associated
issues of access, protection, suppression and defense-in-depth are being addressed and appropriate
provisions integrated into the design of the surface and underground facilities of the DGR.
The Fire Protection Program will be specific to the DGR, due to the unique fire protection requirements
associated with the facility, and will include a requirement for a Fire Hazard Analysis (FHA) based on the
guidance of NFPA 122 and 801. A consultant specializing in fire protection has been retained to assist in the
development of the FHA, Code Compliance report and Fire Protection Program for the DGR. Also, as
committed in Section 6.8.1 of the PSR, an independent third party review will be conducted from a fire
protection perspective.
Fire Protection Methodology









A preliminary assessment of different fire scenarios was conducted and discussed in Section 7.5.1 of
the PSR. It considered worst-case fires and concluded that radiological release limits would not be
exceeded. It provided input to the preliminary design, configuration and layout.
The fire protection goals were developed and embedded in the PSR section 6.8. These include
minimizing ignition sources, maintaining multiple egress routes and safe areas of refuge, and using a
defence-in-depth principle. Another goal identified was to minimize radiological releases through
contaminated run-off by reducing the potential for water to be in contact with radioactive waste. These
goals were used in developing fire protection design, configuration, systems, materials specified for
use, storage areas and containers for the waste. These goals will also be used in developing the Fire
Protection Program.
The preliminary design followed the National Fire Code of Canada and the National Building Code. A
comprehensive review of these fire protection codes and associated standards was conducted and
compared to the Ontario Health and Safety Act Mining Regulations. Where more detailed requirements
were found in the Mining Regulations, they were used to augment the requirements of the National Fire
Code of Canada.
A Fire Protection specific Design Requirements document will capture all the applicable codes and
other requirements to be used in the fire protection system detailed design. Prior to the construction of
each phase of the facility, a Code Compliance Report will be prepared on completion of detailed design
of that phase, to confirm that the design meets applicable code requirements.
Fire Protection Programs will be developed for the construction phase and for the operations phase of
the facility prior to the start of each phase. They will include required elements such as roles and
responsibilities, fire response, fire assessments, managing changes that affect fire protection, work
practice and procedures, fire planning, inspection and maintenance of fire protection systems, quality
assurance, housekeeping, storage and handling of hazardous goods, control of ignition sources,
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transient material, reporting and drills.
A defence-in-depth principle is being used in the development of the Design Requirements and Fire
Protection Program documents. Defence–in-depth will be achieved by providing multiple levels of
defence in order to prevent accidents and ensure appropriate protection and mitigation in the event of
an accident. The levels are preventing abnormal operation and failures, detecting and responding to
operational events, minimizing the consequences of events, controlling severe facility conditions and
mitigating the consequences of severe accidents, and mitigating radiological consequences of
significant releases of radioactivity.
Operating experience from the mining industry and other waste handling facilities is being collected to
learn from their designs, their events and their fire protection programs.
Design has now progressed to a stage where a more detailed FHA can be undertaken to document the
fire hazards and fire protection features of the facility, as well as to confirm that, under foreseeable fire
events, the nuclear safety objectives, personnel safety objectives, and environmental protection
objectives are met. As discussed in LPSC-01-43 the FHA will be based on the guidance of NFPA 122
and 801.

Fire Hazard Analysis Objectives and General Approach
The FHA will be performed to assess the consequences of fires that pose a risk to:




Release of radioactive or otherwise hazardous material to the environment.
Increased radiation dose to site personnel including emergency responders.
Non radiation-related injury to site personnel.

The FHA will:










Consider both construction and operation phases of the facility.
Review performance criteria for detection and alarm systems.
Evaluate inspection, testing and maintenance of fire protection systems.
Identify where hazards exist which could potentially impact nuclear safety.
Identify the design basis fires and the fire growth scenarios based on credible operating conditions.
Analyze the consequences of the design basis fires with respect to nuclear safety, personnel safety,
and environment protection.
Postulate fire protection system impairment scenarios so as to verify available defence-in-depth
measures.
Identify the potential consequences to personnel safety (not related to nuclear safety) and determine if
the consequences exceed criteria.
Evaluate the adequacy of the fire protection measures in mitigating the risk of hazards such that the
consequences do not exceed criteria.
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Identify cases where additional fire protection measures are required to ensure that the consequences
of the design basis fires do not exceed criteria.

In situations where additional fire protection measures are required, review options or processes to further
minimize the consequences of the design basis fires.
LPSC-01-16
Also see
response to
LPSC-0115a



General
Nuclear
Safety and
Control
Regulations
(GNSCR)
3(1)(i)

Information Request:
Additional information is requested justifying the statement made concerning the installation of fire suppression
equipment in emplacement rooms.
Context:
It is stated that “Installing fire suppression equipment in the emplacement rooms would be ineffective due to the
size of the rooms and the storage arrangement of packages.”
It is not clear why the installation of fire suppression systems would be ineffective where fire suppression
systems are currently installed in the Low Level Storage Buildings of the Western Waste Management Facility
(WWMF). Clarification is needed.
OPG Response:
The arrangement and placement of waste packages is similar in the emplacement rooms as compared to the
Western Waste Management Facility (WWMF) Low Level Storage Buildings (LLSBs). However, the available
space around the packages is significantly less and accessibility constrained in the emplacement rooms. In
order to maximize storage efficiency, while minimizing excavation requirements, the design optimizes the
packing envelope and allows minimum distances or clearance between the packages and the emplacement
walls and back (or ceiling) over the length of the emplacement room (refer to the Preliminary Safety Report,
Section 6.5.3.1, Table 6-6: Summary of Clearances Used in the Emplacement Room Design).
The clearances do not permit access within filled sections of the emplacement rooms by personnel or
equipment to maintain fire suppression equipment. For this reason, there is no equipment or services installed
in the emplacement rooms where waste is placed. Further discussion on the approach to fire protection in the
emplacement rooms can be found in responses to responses to IR-LPSC-01-15 and IR-LPSC-01-21. There
will be easily-accessible portable suppression equipment. In addition, unlike the WWMF, there are fire doors
which can be closed and the ventilation cut off to starve the fire. The structure of the emplacement room is
conducive to minimizing the potential for spread of the fire beyond that room.
In the case of the LLSBs at the WWMF, the fire suppression system is based on CO2 gas flooding. The use of
an asphyxiating gas in this manner cannot be used underground based on personnel safety considerations.
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C1NFR 5(d)

Information Request and Response

Information Request:
Provide clarification on how the design of the shaft liners is expected to vary to address changeable rock
conditions along the shaft length, and the method expected for the liner construction.
Context:
PSR 6.3.1.2 states “The main shaft contains a concrete liner designed for the varying conditions from the shaft
collar to the shaft bottom. The liner is a key component to the support of the shafts, as well as, controlling water
inflow into the shaft.” PSR 6.3.2.2 indicates that the ventilation shaft liner performs the same functions. No
information is provided on how the design is expected to change to address variability in ground conditions (e.g.
seepage, rock strength) along the shaft length.
The design of the liners is not discussed. PSR 9.4.5.4, Final Liner Construction, does not describe the expected
method for the liner construction. Additional information is needed to understand how the shaft liner design is
expected to address variable rock conditions.
OPG Response:
The two circular shaft liners will be unreinforced concrete structures where the concrete will be poured directly
against supported rock (refer to response to IR-LPSC-01-32 for preliminary rock support requirements during
shaft development). The liners will resist loadings in compression. It is expected the shaft liners will have a
minimum thickness of 300 mm, with the thickness of the liners varying to resist varying hydrostatic and rock
loading conditions. The liners will be constructed as a hydrostatic liner in the upper 200 m of the shafts where
rock formations are relatively permeable. Below this upper water bearing zone the rock formations have very
low permeability and thus the shaft liners can be designed as a “leaky liner”. In this liner design, any
groundwater inflow behind the liner is allowed to drain into and down the shaft in a controlled manner. This
prevents build-up of water pressure behind the liners and avoids the need to construct a thick liner to withstand
hydrostatic loading.
Geomechanical modeling of the shaft excavations will be completed to estimate rock loading over the full depth
of the shafts and to estimate how this loading will vary with time. The modeling will be iterative with liner
detailed design and will be used to assess impact of dimensional requirements and construction assumptions
for shaft development (e.g., excavated diameter, length of the development round, distance the shaft liner trails
the shaft sinking face, etc.) on predicted rock loading.
Construction of the shaft liners will be influenced by the contractor selected to sink the shafts. Typically,
formwork is placed as part of the shaft sinking sequence from the working stage (Galloway) and the liner is
poured in segments as the shaft advances. The segment length and distance the liner trails the sinking face
will be determined by the shaft sinking sequence, and is likely to match the set steel spacing of 5 m.
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C1NFR 5(d)

Information Request and Response

Information Request:
Additional information on the dimensions and configuration of the underground facilities in the service area, the
ramp to shaft bottom, ventilation tunnel, and loading pocket is requested. Also include information on the
expected ground support needs in these areas.
Context:
The opening sizes of some tunnels and the emplacement rooms are provided (see PSR 6.3.4 and 6.3.5 figures 6-15, 6-16, 6-17, and 6-18). But similar information is not provided for the underground services area,
the ramp to shaft bottom, the ventilation tunnel, and loading pocket. The text in 6.3.8.3, and subsequently
6.8.3.2, references ground support but does not provide a description of the methods expected to be used. This
information will provide a better understanding of the facility design.
OPG Response:
The excavated sizes of major openings in the Underground Services Area will generally be developed on the
basis of the largest equipment that will need to access the tunnels and rooms either during construction or
operations. The current bases for various opening sizes are as follows:
1. Service area access tunnel (tunnel leading to diesel fuel bay and maintenance shop on Figure 6-14 of
the Preliminary Safety Report - PSR) is 8.6 m wide by 5.5 m high on the basis of having enough width
during construction for a 3.5 m wide scooptram to pass a 3.0 m wide haul truck that is parked 0.3 m off
of the wall of the tunnel and with a 1.5 m pedestrian clearance. During operations, the height allows a
large forklift when empty to access the maintenance shop and diesel fuel bay. (Note: An updated
version of Figure 6-14 has been provided to the Joint Review Panel with OPG Letter, A. Sweetnam to
S. Swanson, “Updated Information in Support of OPG’s Licence Application for a Deep Geologic
Repository for Low and Intermediate Level Waste”, CD# 00216-CORR-00531-00101, February 10,
2012.)
2. Ramp to shaft bottoms is 5.3 m wide by 5.0 m high on the basis of enough width during construction for
a 3.0 m wide scooptram plus a 2.0 m pedestrian clearance. The height of the 450-m-long ramp is
based upon developing with a 2.8 m high 2-boom drilling jumbo accessing the advancing face under a
1.4 m diameter ventilation pipe. This height allows for appropriate clearances between the vent pipe
and tunnel roof, vent pipe and jumbo, and for roadbed material thickness.
3. Return air (ventilation) tunnel is sized on the same basis as the ramp with a 1.5 m pedestrian clearance
used whenever there is an intersecting tunnel no less than 30 m apart and a 2.0 m pedestrian
clearance in all other circumstances.
4. The loading pocket excavation accommodates the15m transfer conveyor and the chain feeder at the
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base of the waste pass. The transfer conveyor excavation has nominal dimensions of 3.0 m high x
6.1 m wide and 19.2 m deep with access for maintenance and housekeeping activities. The chain
feeder excavation has nominal dimensions of 9.6 m high x 6.1 m wide and 4.0 m deep which
accommodates the chain feeder, associated chute work and maintenance access.
As well, the excavated sizes for the rooms in the underground service area have been determined on the basis
of construction requirements as follows:
1.

The maintenance shop is 11.8 m wide by 11.0 m high by 53.0 m long on the basis of enough width for
a 3.5 m wide scooptram alongside a 3.0 m wide haul truck with 1.0 m between the machines and
another 2.0 m off each wall to accommodate working area and crane support columns. The height
allows a 35 tonne overhead crane to lift the box off of a haulage truck. The length allows a 17.5 m long
3-boom drill jumbo to be in the Shop at the same time as a 10.5 m long truck and a 12.0 m long
scooptram plus 2.0 m between the machines plus 2.0 m on each of the two opposite ends for work
clearances plus 2.5m at each entrance for the walls with roll up fire doors.

2.

The service bay (not shown on Figure 6-14; will be located adjacent and parallel to maintenance shop)
complete with lube storage is for changing oil, lubricants and filters, hydraulic cylinders and equipment
tires and is 9.8 m wide by 10.6 m high by 46.0 m long on the basis of enough width for a 3.5 m wide
scooptram with 3.0 m off each wall to accommodate a tire change work area and crane support
columns. The height allows cylinder replacement of the tallest reference forklift. The length allows the
west end of the service bay to be used as a lube storage area.

3.

The diesel fuel bay is 7.8 m wide by 7.5 m high by 39.8 m long on the basis of enough width for a 3.5 m
wide scooptram and another 2.0 m off each wall to accommodate working area. The height allows a
haulage truck to raise its box for access to the cylinders for greasing at the start of each shift. The
length allows the west end of the diesel fuel bay to be used as a storage area for the steel diesel fuel
totes.

4.

Storage room is 7.4 m wide by 9.1 m high by 20.0 m long on the basis of the construction requirement
for explosives storage. The construction application required sufficient clearance for the storage of
explosives, as well as, sufficient space to load totes of explosives into the mobile explosives carrier.

The design of ground support is described in the response to IR-LPSC-01-34.
LPSC-01-19



C1NFR 5(e)

Information Request:
Provide clarification of the dewatering system, including sump/pump locations, pump sizes, and effluent release
description and location, with a simplified flow diagram(s).
Context:
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PSR 6.3.19.4 provides the description and operation of a number of sumps and plans for the dewatering of the
underground facility. Some of the sumps are interconnected and others are not, but this description is not clear.
No diagram is provided indicating the location of the various sumps, nor is a diagram(s) provided illustrating
their interconnections. There is no description of the point of release for effluent from the dewatering sump at
the surface. This information is important understanding the facility design.
OPG Response:
The preliminary design of the operations’ phase dewatering system is described in Section 6.3.10.4 of the
Preliminary Safety Report (PSR). A simplified flow diagram for the underground dewatering system is shown in
Figure 1 below.
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Figure 1: Simplified Flow Diagram for the Underground Dewatering System

The following clarifies the sources of water that would be directed to the main underground sump and the
estimated flow rates to this sump during normal and abnormal operating conditions. A clarification of the
operations’ phase dewatering system design is also provided below, including clarifications about sump/pump
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locations, pump sizes, and effluent release description and location.
Groundwater Inflow Estimates:




Due to the extremely low hydraulic conductivity of the Cobourg Formation Lower Member, groundwater
inflow over the entire underground repository (excluding the two shafts) is expected to be negligible.
The rate of any groundwater inflow would likely be less than the rate at which the water would
evaporate and thus this ground water would likely not flow to the main sump.
During normal operations, groundwater inflow through both shaft concrete liners is estimated at 2 L/s
(see PSR, Section 6.3.10.4). This estimate is considered to be conservative. In the remote event that
the concrete liner fails by cracking (say due to a seismic event) there could be an additional inflow of
groundwater through the cracks in the upper hydrostatic portion of liner (see response to IR-LPSC-0117). For purposes of preliminary sizing of the operations’ phase dewatering system, it was assumed
that up to 15 L/s of additional groundwater inflow could occur in the failed liner scenario (see PSR,
Section 6.3.10.4). This estimate is considered to be conservative and will be updated as new
information becomes available about hydrogeologic conditions in upper bedrock formations (to depth of
about 180 m), ground treatment to be used in the upper permeable bedrock formations (see response
to IR-LPSC-01-31) and how the shaft liners might behave during a postulated seismic event.

Dewatering System Pumping Capacity:


The maximum pumping capacity of the dewatering system is currently set at 22 L/s (see PSR,
Section 6.3.10.4). As new information about estimated rates of water flow to main sump become
available under both normal and abnormal conditions, the design pumping capacity will be adjusted
accordingly.

Discharge Location at Surface:


See the response to IR-LPSC-01-12 for description of how water is discharged at surface.

General Location of Sumps:





The main sump is located in the Underground Services Area. Water in all other repository sumps is
pumped to the main sump and the collected water in this sump is then pumped to the surface.
As mentioned above, the main repository is expected to be dry. However, sumps are required in the
access tunnels in each of the panels during the construction phase to collect service water used by
drilling jumbo and for dust control. These sump locations will be available for use in the operations
phase, if required.
There will be a sump in the ramp by the bottom of the ventilation shaft. Groundwater flowing into the
two shafts would flow to this sump. The bottom of the main shaft is connected to the sump at the
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bottom of the ventilation shaft via the ramp. The ramp provides downhill drainage path from the main
shaft bottom to the ventilation shaft bottom.
LPSC-01-20



C1NFR 5(e)

Information Request:
Provide additional information on the fire water supply to the DGR site. The information needs to include an
assessment of the sufficiency of the single point supply including the possibility and effect of a fire water
impairment, the safety considerations and the planned response in such an event during the construction and
operational periods.
Context:
PSR 6.8.3.1 states that “The fire water main is connected to the existing Bruce Power fire water system. Water
for all water based fire suppression systems will be supplied by the fire water main”.
The fire water main as is understood to exist to the centre of the Bruce site is via a single point. A single point
connection leads to a greater potential for an impairment of the system to the centre of site and therefore to the
DGR. The applicant should consider the benefit of multiple supplies to the Bruce Power fire water system to
minimize the potential for an impairment of the fire water system and the operational restrictions in such an
event.”
Additional information is needed to establish the adequacy of the fire water supply.
OPG Response:
The fire water supply to the DGR project site is from Bruce Power’s existing fire water system and an
assessment of the tie-in location(s) within the Bruce fire water system is being completed. Once the tie-in
location(s) to the Bruce Power fire system are set, an assessment of supply disruption will be completed and
actions taken to ensure a highly-reliable supply. The assessment will include the assessment of the supply, the
DGR fire water system and any on-site and off-site support provided through Emergency Response.
The DGR fire water main(s) will be buried and the fire water main loops will distribute fire water around the
DGR surface facilities site. The fire water main(s) will meet the requirements of the latest National Building
Code of Canada (NBCC), National Fire Code of Canada (NFCC), National Fire Protection Association (NFPA),
NFPA 24, the Ontario Provincial Standard Drawings (OPSD) and Specification (OPSS). Post indicator valves
will be provided to allow isolation of the fire water main if required for maintenance purposes. Hydrants will be
located throughout the DGR surface facilities site along roadways to provide access for emergency response
crews. The fire main system will be installed below the frost line to prevent freezing. Metallic components of
the fire main will be equipped with cathodic protection and freeze protection will be provided in specific
locations where deemed necessary. The fire water main will be connected to the water-based fire suppression
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systems.

LPSC-01-21



C1NFR 5(e)

Also see
response to
LPSC-0115a

Information Request:
Provide clarification of the statement “if required” in respect to a dry standpipe at the main shaft is requested.
Context:
It is stated that “A dry standpipe and hose will be available at the main shaft station, if required.” It is CNSC
staff’s opinion that at a minimum, a dry standpipe to supply water for fire fighting will be required in the
underground portion of the facility.
Clarification is required, given the opinion of CNSC staff concerning the need for the availability of fire water in
the underground facility.
OPG Response:
The response to IR-LPSC-01-22 describes the nature of planned underground fire suppression system at the
DGR. These systems are predominantly non-water-based systems and provide a high level of protection
against significant fire hazards underground.
It is not proposed to use water-based fire suppression systems to fight potential fires involving radioactive
waste underground. The use of water-based fire suppression systems could lead to large quantities of
contaminated liquid that would need to be managed. It is primarily for this reason that it is not proposed to
provide a fire standpipe, wet or dry, in the DGR. A dry standpipe also has the design challenge and safety
concern of dissipating the energy that would be created by water falling ≈700 m in filling the dry standpipe.

LPSC-01-22
Also see
response to
LPSC-0115a



C1NFR 5(e)

Information Request:
Provide clarification of the fire suppression methods that will be used (fixed and portable), along with
requirements for the systems.
Context:
The PSR and EIS Main Report identify a reliance on chemical-based fire suppression systems. The EIS Main
Report states “handheld foam-based extinguishers located … in high traffic areas (i.e. diesel fuel bay,
maintenance shop) as well as mobile equipments … and … a mobile foam generator … based underground for
use in open emplacement rooms,”. The PSR states “a foam based suppression system for the maintenance
shop and diesel fuel bay … (single fixed pipe foam system) …installed to provide coverage to both rooms and a
portable skid mounted dry chemical system is provided to aid mine rescue teams …”
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It is unclear what will be used and where, if both a mobile foam generator and a mobile dry chemical system
are to be used, and if a fixed foam system is being employed. There is little information indicating the intended
size and type of fires the various systems are intended to address. It is also unclear what the water source for
the foam units will be.
OPG Response:
The fire suppression systems and provisions to be provided on the surface and in the underground are as
provided below. Also refer to the responses provided in IR-LPSC-01-02 and IR-LPSC-01-36 for applicable
codes and standards.


Fixed non-water fire suppression systems will be provided in areas of the DGR which contain storage
of more than 500 L of oil, grease, or flammable liquids, service garages, and fueling stations in
accordance with the OHSA Mines and Mining Plants Regulations (O.Reg. 854/90). This includes the
Service Garage, Lube Bay, and Fuel Bay. One system will be provided for each area. The systems
will be total-flooding style systems, with the protected space separated from the main tunnels via
automated fire doors.
The fixed system is planned to be a high-expansion foam fire suppression system. This system
provides a proven low-water demand, fast initiation, option for fire suppression, which minimizes
contaminated water run-off concerns. Water to support the foam system will be provided in totes.



The main and ventilation shaft hoisting equipment will be equipped with fixed fire suppression systems.
These systems will be local application, protecting equipment deemed to be a potential fire hazard.
These systems are intended to be dry-chemical fire suppression systems.



Each emplacement panel will be separated from the main tunnels via fire doors that span the entire
cross-section of the access and return air drifts to starve any fire. In the event of a fire, the doors will
close and the ventilation will manually be shut down after all workers are accounted for. The fire
fighting team will have a portable dry chemical and foam system mounted on skids. It is not practical to
maintain the fire suppression equipment inside the filled emplacement rooms and is ineffective due to
the storage arrangement of packages (refer to response to IR-LPSC-01-16). The preclosure safety
assessment as presented in the Preliminary Safety Report (Chapter 7) has analyzed releases from this
type of event.



Both fixed and mobile equipment (i.e., forklifts) located in the DGR will be provided with fixed local
application fire suppression systems. These systems are intended to be dry-chemical fire suppression
systems, installed to protect areas deemed to be fire hazards.
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C1NFR 5(e)
RPR
4(a)(b), and
5(2)

Information Request and Response



In addition to the fixed fire suppression systems, fire protection equipment stations will be located in all
access and service drifts, as well as, specified locations as per the Ontario mining regulations (e.g.,
shaft stations, electrical rooms, etc.). These stations will be strategically located throughout the DGR.
Each station will contain dry chemical fire extinguishers, self-contained breathing apparatus (SCBA),
personal protective equipment, tools, etc. The equipment at each station will be determined based on
the potential type and size fires in the vicinity of the station. DGR personnel will be trained in the use of
fire extinguishers for manual fire fighting.



A Mine Rescue Team will be trained in mine fire fighting activities. The firefighting equipment and
locations for this response team will be determined as part of detailed Mine Fire Procedures to be
developed for the DGR.

Information Request:
Provide clarification on radiation monitoring of air and water in the underground facility addressing such things
as: the radionuclides monitored; sampling locations; types of monitoring equipment; measurement
monitoring/control locations; emergency power; and notification/alarms.
Context:
PSR 6.11 provides a brief description of the radiation monitoring of air in underground areas (i.e. service area,
active emplacement rooms) and water underground but does not identify what radionuclides will be monitored
or the locations to be monitored.
PSR 10.4.1 indicates that tritium, C-14 and gross-beta monitoring will be conducted at appropriate points as
part of the environmental management system, but is not definitive “potentially including vent exhaust, surface
water and groundwater”. An examination of the DGR EA Follow-up Monitoring Program, Table 5b, indicates
monitoring of vent and WPRB exhaust for radon, tritium, particulate, and carbon-14 as part of the environmental
management plan during operations, but it does not include any details of radiation monitored underground for
worker health and safety.
The description of the radiation monitoring was not sufficiently clear for CNSC staff to assess the adequacy of
the radiation monitoring to protect workers and the environment.
OPG Response:
The Preliminary Safety Report (PSR) Sections 6.11 and 10.4.1 provide a general description of the radiation
monitoring program. The elements of this radiation monitoring program are identified in more detail in Tables
5a and 5b of the DGR EA Follow-up Monitoring Program report (NWMO 2011), and discussed below. This
program will be consistent with the OPG Radiation Protection Requirements - Nuclear Facilities (OPG 2001)
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and related procedures.
The full monitoring program is identified in the DGR EA Follow-Up Monitoring Program report, including surface
radiation monitoring (including waste package monitoring, Zone 2/Zone 1 interface monitoring and
groundwater/ environmental monitoring). The underground non-radiological air quality monitoring is described
further in the response to IR-LPSC-01-24.
Underground Radiation Monitoring
Tables 1 and 2 provide a summary of the underground radiation monitoring; these are adapted from Tables 5a
and 5b in the DGR EA Follow-up Monitoring Program report (NWMO 2011).
The underground facility radiation monitoring will include fixed monitors, portable monitors, and sampling
locations. A fixed whole body monitor will be placed at the entrance to the refuge station, which also doubles
as a lunch room. Portable monitors will be used to maintain appropriate controls around active areas, and for
surveying (to ensure the Zone 2 underground facility remains free of loose contamination). The specific
locations would depend on the work flow, and would be consistent with current WWMF practice. For example,
portable tritium-in-air monitors or gamma monitors will be used at active emplacement rooms.
There will be fixed continuous air sampling devices located at the surface exhaust from the ventilation shaft
(stack monitor), which will collect air samples from a side stream. The air samples will be collected for the
purpose of analyzing for tritium, C-14 and particulate (gross beta/gamma). (As with the WWMF incinerator, a
separate stack monitor may be needed for C-14 from the other radionuclides.)
The primary water sampling locations are the surface stormceptor for discharge from underground water to
surface and the exhaust plenum condensate collection sump.
Notification Alarms
The underground radiation monitors would be hand-carried or cart based instruments with local readouts,
similar to monitors currently in use at WWMF.
The stack monitor (i.e., surface exhaust air sampling device) will have an alarm which sends a signal back to
Control Room if the sampling device has failed (i.e., low air flow). No other information is sent back to Control
Room from this device.
Electrical Power Supply
The radiation monitors will be supplied with battery or line power, but not with emergency power. In the event
of loss of power to the stack monitor, as with current operations at WWMF, radiological work ceases. In the
event of electrical power system failure at the DGR facility, underground personnel will be directed, via
underground communication system, to report to a refuge station. The permanent refuge station will have a
clean breathing air supply that is connected to the emergency power supply. The underground communication
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system is also connected to the emergency power supply.
Equipment
The monitoring equipment will be similar to that used in WWMF, but the specific technology would be selected
during the construction phase based on the best available technology at that time. Further information will be
described as part of the Operating Licence application.
Table 1: Underground Air and Water Radiation Monitoring - Site Preparation and Construction
(see NWMO 2011, Table 5a)
Reference
Nuclides
Type/Monitoring
Location
 Near working faces during
C-LIC-RAD1
Radon
 1 measurement
excavation
/month/location. Radon is
Air
not expected to be an issue.  Exhaust air flow near ventilation
shaft
It will be monitored for
trends and the rate adjusted
if appropriate.
 Portable monitor, with local
readout or off-site analysis
C-LIC-RAD5
H-3
Sampled from surface stormceptor at
 1 sample/week, averaged
monthly, beginning 1 yr prior underground sump discharge (for
Water
Gross beta
establishing baseline)
to operations.
/gamma
 Off-site analysis.
C-LIC-RAD5
C-14
Sampled from surface stormceptor at
 1 sample/quarter beginning
underground sump discharge (for
1 yr prior to operations.
Water
establishing baseline)
 Off-site analysis.

Table 2: Underground Air and Water Radiation Monitoring - Operations (see NWMO 2011, Table 5b)
Reference
Nuclides
Type/Monitoring
Location
O-LIC-RAD1
Radon
Portable monitor with local
Radon is not expected to be an issue.
readout, as per C-LIC-RAD1. Location and frequency to be specified
Air
as part of the Operating Licence
application based on results of C-LICRAD1.
Ventilation shaft exhaust
O-LIC-RAD1
H-3
Continuous airflow through
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Air

C-14
Particulate
(gross beta/
gamma)

O-LIC-RAD5
Water

H-3
Gross beta/
gamma
C-14

O-LIC-RAD5
Water
O-LIC-RAD5
Water

O-LIC-RAD6

O-LIC-RAD7

H-3
Gross beta/
gamma
C-14
H-3
Dose rate
Others as
required

Whole body
dose and
skin beta
dose

sampling device, with
samples analyzed weekly offsite.
Equipment similar to WWMF
incinerator stack
sampler/monitor.
Alarm on system failure (i.e.,
low air flow) to DGR control
room, as with WWMF
incinerator monitor.
Class IV power, as with
WWMF incinerator monitor.
1 sample/week, averaged
monthly.
Off-site analysis.
1 sample/yr.
Off-site analysis.
1 sample/discharge
(frequency may be reviewed
based on trending analysis).
Off-site analysis.
Routine survey program
Similar equipment to WWMF.
Hand-carried battery
powered monitors, or cartbased monitors connected to
local 120 V Class IV power.
Worker dose monitors,
similar to existing WWMF
monitors.

Sampled from surface stormceptor at
underground sump discharge
Sampled from surface stormceptor at
underground sump discharge
Sampled from exhaust plenum
condensate sump

Frequency and location to be specified
in the Operating Licence application.
Will be consistent with OPG Radiation
Protection Requirements and with
existing WWMF program.
Frequency and location to be specified
in the Operating Licence application.
Will be consistent with OPG Radiation
Protection Requirements and with
existing WWMF program.

References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization report
188

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA
Regulations
Section #

Information Request and Response

NWMO DGR-TR-2011-10 R000. Toronto, Canada.
OPG. 2001. Radiation Protection Requirements - Nuclear Facilities. OPG Requirements N-RPP-03415.110001 R07. Toronto, Canada.
LPSC-01-24



C1NFR 5(e)

Information Request:
Clarification is requested on the air quality monitoring system for the underground facility, addressing such
things as sampling and air flow measurement/control locations, type of equipment, emergency power, and
notification/alarms. Discussion of the need for future air quality monitoring of the closed panel should be
included.
Context:
PSR 6.12 and 10.4.1.3 provides a general description of the monitoring of air quality and air flow underground,
including the non-radioactive hazardous substances to be monitored. PSR 6.2.4.3, Control and Monitoring
Systems, states that air quality is monitored but not controlled at surface in the main control room. The DGR EA
Follow-Up Monitoring Program, Table 3b, 4b identifies air quality as controlled at surface.
The description of the air quality monitoring appears contradictory and not sufficient to assess the air quality
monitoring system to protect workers in the DGR underground facility. It is also uncertain if there will be need in
the future for air quality monitoring within the panel projected for closure within the first ten years of operation.
Clarification is needed for CNSC staff to assess the adequacy of air quality monitoring to protect workers and
the environment during the operational period.
OPG Response:
The Preliminary Safety Report (PSR) Sections 6.12 and 10.4.1 provide a general description of the air quality
monitoring program. The elements of the underground non-radiological air quality monitoring program are
identified in more detail in Table 4a-Atmospheric and Table 4b-Atmospheric of the DGR EA Follow-up
Monitoring Program report (NWMO 2011), and discussed below.
The underground radiological monitoring is described further in the response to IR-LPSC-01-23, Underground
Radiation Monitoring.
Fixed Underground Air Quality Monitoring System
Air quality parameters will be monitored at various locations in the underground ventilation system with signals
from fixed monitoring devices reporting to surface-based Control Room. At the following locations, the
specified air quality parameters will be monitored:
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Surface Intake for ventilation system:






Airflow
Temperature
Humidity
NO2
Combustible gases.

Louver-end of emplacement rooms:




Airflow
CO
Temperature.

Upstream of main underground return air fans:







Airflow
Temperature
Humidity
NO2
CO
Combustible Gases.

Surface Exhaust for ventilation system:



Temperature
Humidity.

Additional airflow monitoring devices will also be located at strategic locations in the system of tunnels with
signals from monitoring devices reporting to Control Room.
Notification Alarms
The data from the fixed air quality monitoring system will be displayed in the Control Room and the flow of
ventilation air will be adjusted, as required, to ensure safe working conditions for underground personnel. Air
quality readings that are approaching predefined limits in the air stream will trigger alarms. Any high levels of
air contaminates can be reduced by increasing the air volumes in that area. Air volumes in various parts of the
underground facility will be controlled by adjusting the louvers at end of emplacement rooms and by adjusting
the main underground fan.
Electrical Power Supply
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The underground air quality monitoring system will not be supplied with emergency power. In the event of
electrical power system failure at the DGR facility, underground personnel will be directed, via underground
communication system, to report to a refuge station. The permanent refuge station will have a clean breathing
air supply from the surface compressors that is connected to the emergency electrical power. The underground
communication system is also connected to the emergency power supply.
Air Quality Monitoring in Closed Panel
Panels projected for closure will be ventilated and the air quality monitored as described above, until the time of
closure. At closure, as stated in PSR 6.13, the underground space behind the closure walls will not be
ventilated and all services will be terminated. Once closure walls are erected there would be no need to
monitor air quality in the sealed underground space, as no re-entry is intended.
Equipment
The detailed design of air quality monitoring system and monitoring device specifications will be described as
part of the Operating Licence application.
Reference:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization report
NWMO DGR-TR-2011-10 R000. Toronto, Canada.
LPSC-01-25



C1NFR 5(c)

Information Request:
Provide clarification and additional information on the project schedule, including completion of engineering
details and construction tasks.
Context:
PSR 9.1.2 provides a site preparation and construction schedule (Figure 9-1). The schedule of tasks in Figure
9-1 and the tasks as indicated by the text headings in PSR 9.1.2 do not align. Further, the schedule does not
include information on the timeline for the completion of design details.
Also not included is information identifying when construction plans (ground improvement, excavation plans and
techniques, ground support, construction ventilation and dewatering) are expected to be complete.
Additional information is needed on the schedule for completion of detailed engineering and construction plans
so that CNSC compliance verification activities associated with the details and construction plans can be
identified and integrated to assure regulatory oversight and licensee compliance.
OPG Response:
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The schedule provided in Figure 9-1 of the PSR assumes site preparation and construction tasks starting after
receipt of the site preparation and construction licence (i.e., Year 1 of the project schedule). The exact timing
for the start of construction tasks will depend on when the licence is awarded during the calendar year.
The DGR design will be developed through Year 1 of the project schedule to substantial completion without the
incorporation of detailed vendor information. Vendor information and contractor contributions to final design
and construction scheduling will be incorporated following the receipt of the licence. However, the design
required for site preparation activities will be to the level of “issued for construction - IFC” at the time of contract
award as these activities are not constrained by equipment design requirements. There is sufficient time in the
construction schedule to integrate vendor information in the design for IFC drawings and maintain planned
construction activities.
The sequence of construction activities in Figure 9-1 is consistent with the Level I schedule and the description
of activities within Chapter 9. One area that may require clarification is with respect to the timing of ground
treatment for the shafts. Chapter 9 describes two methods of treatment; freezing and grouting. In both cases,
the ground treatment is required in advance of the shaft collar construction. However, in the case of grouting,
these activities could be completed well in advance of the excavation of overburden for collar construction
activities. It is likely that shaft grouting would be completed in conjunction with the site preparation activities.
The schedule for activities referenced above (excavation plans and techniques, ground support, construction
ventilation and dewatering) will be developed in conjunction with the approach selected by the successful
contractor.
LPSC-0125a
(Supplementary
response
provided on July
10, 2012 as a
result of the
clarification
meeting with
CNSC on May
1, 2012)



C1NFR 5(c)

The DGR project will have a construction schedule that has very distinct phasing over this period as described
in Chapter 9 of the Preliminary Safety Report (PSR) (i.e., site preparation, shaft sinking, lateral development,
etc.). Detailed design development will align with construction scheduling. Construction scheduling is
presented in the PSR, Figure 9-1.
Below is a high-level grouping of project elements, with sequencing and the approximate timing of availability
following the receipt of a licence, for issued-for-construction drawings and/or relevant specifications to support
each of the distinct phases of construction.
Site Preparation (6 months following licence):
 Site grading
 Construction site general arrangements
 Storm-water management system (including retention pond and ditch systems)
 Waste rock management area
 Infrastructure tie-ins (e.g., service water, fire water, power)
 Site services
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Shaft treatment design (i.e., grouting or freezing)

Shaft Sinking (9 – 12 months following licence):






Shaft layouts and liner design
Ground support and verification requirements
Main and ventilation shaft headframes
Temporary hoist-house facilities and hoisting equipment
Detailed development schedule and construction methodology (i.e., drill and blast patterns, sinking
configuration, etc.)

Lateral Development (2 years following licence):







Loading pocket and waste rock management system
Underground layout
Repository services
Ventilation system and associated surface facilities
Ground support and verification requirements
Detailed development schedule and construction methodology

Surface Facilities (up to 3 – 4 years following licence):



LPSC-01-26



GNSCR
3(1)(b)

Amenities facility
Crossing to Western Waste Management Facility
Operational site general arrangement

Information Request:
Additional information is requested describing the temporary concrete batch plant and the site services.
Context:
PSR 9.3.1 identifies the services that will be provided by the project for use by contractors on site and refers to
figure 9-2 for the layout of the construction area. No description has been provided of the temporary concrete
batch plant that will serve the construction of the DGR facility. Figure 9-2 does not identify the “service and fire
water connection points” or the “communications connection point” which are common for all construction
users.
Additional information is needed for a more complete description of temporary construction services.
OPG Response:
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The concrete batch plant will be installed in the general area identified as “concrete batch plant area” on Figure
9-2 of the Preliminary Safety Report and will be installed as part of the site preparation activities. The batch
plant and supply of concrete will be a contracted service to the project. The approved supplier will be required
to demonstrate that the plant is capable of producing the required concrete volumes to the project
specifications. They will also have to demonstrate how they will manage quality control of the product.
Sufficient space has been allocated in the construction site plan for the batch plant, aggregate stockpiles,
staging areas and wash-out facilities.
The electrical substation will be located in the general vicinity of area marked as “Construction Power
Distribution Compound” on Figure 9-2. The substation will be supplied by a 13.8kV voltage transmission line
from an existing transformer located at the Bruce nuclear site west of Interconnecting Road (existing road
shown on Figure 9-2 that is located on west side of DGR project site) that serviced the former Heavy Water
Plant facility.
Service water and fire water will be supplied through tie-ins to existing service water and fire water lines on the
Bruce nuclear site. There are existing service water and fire water lines located immediately to the south and
west of the DGR project site. Exact tie-in or connection locations are being discussed with Bruce Power who
will be the provider of the service.
DGR project site communication system will likely connect to a fibre optics cable that is currently being installed
in the abandoned railway bed located between DGR project site and Western Waste Management Facility. The
connection point would be in the general vicinity of the crossing structure depicted on Figure 9-2.
Construction laydown areas are also identified on Figure 9-2.
LPSC-01-27



C1NFR 5(d)

Information Request:
Provide additional information on the water treatment system and plant, such as location, the basis for the
design, description of the point of release to the stormwater management system, and the expected operation.
Context:
PSR 9.3.2 states “Water pumped to the surface from the underground via the shafts during construction will be
treated in a temporary water treatment plant prior to discharging in to the site stormwater management system.
Contaminants such a nitrogen, ammonia and saline groundwater will be treated as necessary, in the
stormwater management pond.”
The EIS (4.4.1.5) indicates “The stormwater management pond is sized to provide a retention area for settling
particles … . Additionally, water treatment will be employed in the drainage system upstream of the stormwater
management pond for the duration of the site preparation and construction phase, and possibly the first two
years of operation depending on monitoring results.” and (4.7.5.4) “the temporary treatment plant would be
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used, as required, to remove excess oil, grease and grit before discharge to the drainage network. It, however,
will not be used to treat water in the stormwater management pond … .”
The description of the water treatment system for surface and underground water is unclear from the
descriptions provided in the PSR and EIS. The temporary plant location, the basis for the design, a description
of the point of effluent control, and the general operation of the plant is not described. Further, as part of the
water treatment during construction it is indicated that nitrogen, ammonia, and salinity will be treated (as
necessary) in the stormwater management pond, but the process is not described.
Additional information is needed to clearly understand the function and operation of the treatment system
during the construction period which includes the plant and activities in the stormwater management pond.
OPG Response:
The need for water treatment is expected to be limited to the water discharged from underground during the
shaft sinking and lateral development phases. As stated in the Preliminary Safety Report, treatment will be
primarily for oil, grease and sediment/grit removal prior to the discharge into the stormwater management ditch
system. The project is not designing such a treatment system as the technology is readily available and will be
procured or supplied by the development contractor. The specifications of the system will be dependent on the
excavation approach employed by the contractor and the expected volumes of effluent discharge.
As with the specification of the treatment plant, the placement of the plant(s) will depend greatly on the
contractor’s approach. For example, it may be beneficial to provide a treatment plant for each of the shafts
during sinking activities and transition to a single unit once the underground infrastructure is established for the
lateral development phase. Also, the configuration of sumps and potential for re-circulating service water
underground will influence the requirements of the treatment plant. In all cases, the water discharged from the
treatment plants will be introduced into the stormwater management system at surface.
It is not expected that additional treatment will be required at the stormwater management pond. Preliminary
assessment of the expected waste rock management pile effluent characteristics indicates that there will not be
elevated concentrations of nitrogen, ammonia or saline groundwater. Further confirmation of these findings will
require the incorporation of the contractor’s approach (e.g., type of explosives used) for the shaft sinking and
lateral development activities. However, for example, should there be elevated ammonia levels measured at
the stormwater management pond, aeration could be added at the forebay of the stormwater management
pond to mitigate. Discharges from the stormwater management pond will meet the Certificate of Approval
discharge criteria.
LPSC-01-28



GNSCR
3(1)(b)

Information Request:
Provide information describing the construction of the waste rock management area (WRMA).
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Context:
While PSR 6.2.3 and drawing H333000-WP404-10-042-0003, provides some description of the WRMA, PSR
9.3.3 is very brief on the development of the area during the construction phase (stages, lifts, end-dump, etc).
Additional information describing the construction of the waste rock management area is needed to assess
construction activities.
OPG Response:
The waste rock management area (WRMA) will be cleared, grubbed and stripped of topsoil which will be
temporary stockpiled and re-used elsewhere on site. The site will be graded to ensure drainage to the
perimeter storm water collection ditches. The ditches will be constructed as part of the site preparation
activities prior to the deposition of waste rock.
It is assumed that the waste rock (primarily argillaceous limestone) will be transported to the WRMA by offhighway trucks. The first step will be to construct an access ramp and working platform with the waste rock to
the elevation of the first lift (i.e., a vertical height of about 5 m). The access ramp will be constructed at a grade
of not steeper than 10 (Horizontal): 1 (Vertical) and will be sufficiently wide to allow two directional traffic
movement. The width of the access ramp will be dependent on the size of truck used by the contractor, but it is
estimated to be 30 m wide. The first access ramp will be located in the south western corner of the WRMA
(i.e., the closest point to the Ventilation Shaft). The trucks will dump the rock near the edge of the working
platform. The rock will then be pushed over the edge with earth moving equipment (bulldozer would be typical).
As the working face of the waste rock dump is advanced, the first lift is formed and the waste rock dump will be
compacted by traffic loading. The working face of the waste rock dump will be at the angle of repose. The
outer slopes will be profiled to the required slope of 2.5 (Horizontal): 1 (Vertical) with the earth moving
equipment.
Once the first lift has been completed, a 6 m step-in along the perimeter is required for the construction of the
next lift. A second access ramp will then be constructed for the second lift with its base at the edge of the stepin. The same procedure as per the first lift is then followed for this lift and all subsequent lifts. There will be
three lifts (based on a bulking factor 1.4) in total for a total pile height of about 15 m.
LPSC-01-29



GNSCR
3(1)(j)

Information Request:
Provide information on the estimated range of annual output of grey water and clarification on the range of
waste rock produced per year.
Context:
PSR 9.3.4, states “during construction, sanitary services will be supplied and managed by the contractor, with
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disposal off-site. This will include sanitary and mine dry facilities … .” Table 9-1 identifies the sanitary waste
volumes, but it is not clear on the volume of grey water. Further, the waste rock in the table is the total volume
expected, and not a range per year during the period of excavation.
Information on the quantity of grey water produced during construction is needed. Clarification is also needed
on the approximate volume of waste rock expected to be produced annually during the period of excavation.
OPG Response:
The projected ranges of sanitary waste presented in Table 9-1 of the Preliminary Safety Report (PSR) include
both sewerage and grey water based on standard industry averages. Although it is assumed that the sanitary
wastes are removed from site, the project is reviewing the opportunity to tie into Bruce Power’s sanitary
services for both the construction and operations phases.
The estimated waste rock volume of 832,000 m3 represents the repository lateral development excavation.
Based on the project schedule and assumptions of development productivities, the estimated annual volumes
from lateral development from the 4th Quarter of Year 4 to the end of Year 7 of the project schedule are as
follows:
Year
Volume (m3)
Year 4
105,750
Year 5
233,439
Year 6
311,251
Year 7
181,560
Note: Year 1 of the project schedule starts when the site preparation
and construction licence is awarded.
The development schedule and annual production of waste rock will be further developed with the selected
development contractor.
LPSC-01-30



GNSCR
3(1)(b)

Information Request:
Provide information on the construction of the plenums as part of shaft pre-sinking activities.
Context:
While PSR 6.3.8.1 identifies the intake and exhaust plenums, the description of shaft pre-sinking activities does
not include the construction of the main and ventilation shaft plenums.
To better assess construction plans, a description of the construction of the plenums is needed for a more
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complete description of shaft pre-sink activities.
OPG Response:
The details of the construction method for the plenums depend on the collar development approach selected by
the shaft sinking contractor, and hence will not be known until that contract is let. With the reference approach
to collar construction (i.e., excavation of overburden to bedrock and backfill to grade), the plenums will be
formed and constructed to coincide with the backfilling of the excavation using standard construction
techniques.
Should the shaft sinking contractor choose ground treatment of the overburden and excavate vertically to
bedrock for the collar construction, excavation would be required to form and construct the plenums. In both
scenarios, the plenums are integrated in the collar design of both the main and ventilation shafts and would be
constructed at the same time as the shaft collars. This enables proper backfilling of the shaft collars which are
the foundations for the headframe structures.
LPSC-01-31



GNSCR
3(1)(b)

Information Request:
Provide additional information on the ground improvement planned for the upper 180 metres of bedrock,
including the relative advantages of the proposed methods and estimates for the change in groundwater flow
(before and after).
Context:
PSR 9.4.1 describes several ground improvement approaches for rock excavation that may be used for presink (shaft collar) activities and shaft sinking activities. The description indicates ground water concerns
primarily in the upper 180 metres of bedrock but is unclear what ground improvement approach will actually be
used, and on the ground water flow estimates before and after ground improvement.
Additional information on ground improvement plans and groundwater control will enable a better
understanding of construction issues during shaft sinking.
OPG Response:
At the DGR project site there are permeable bedrock strata to a depth of about 180 mBGS (metres below
ground surface). Without ground treatment, there could be significant inflows of groundwater into the two shafts
during shaft sinking. Ground treatment will likely be performed both from surface in advance shaft sinking at
the two shaft locations and, as required, during shaft sinking (i.e., cover grouting from within the shaft). Further
information on expected ground water inflows is presented in the response to IR-EIS-01-01.
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There are two surface-based options for ground treatment: ground freezing and grouting. There is high
confidence based on experience in recent shaft sinking projects that ground freezing is viable to depths of 200
m and can reduce potential groundwater inflows to less than 3 L/s into the shaft excavations. However, shaft
freezing is more expensive and can lengthen the project schedule in order to establish and maintain an
effective freeze curtain.
A surface-based grouting program, if technically feasible to depths of 200 m, would likely be less expensive to
implement and could be executed in a shorter period of time. In addition, the grout curtain has the added longterm benefit of remaining in-place after the shaft sinking activities are completed and during DGR operations. It
is expected that the grout curtain, in conjunction with the concrete shaft liner, will greatly reduce the potential
amount of groundwater inflow into the two shafts from the permeable upper bedrock strata.
In 2011, an initial trial was conducted at the proposed location of ventilation shaft to determine the feasibility of
a surface-based grouting to a depth of 200 m. The results of this trial were encouraging and demonstrated that
surface-based grouting is likely feasible to depths of 200 m. The trial will be continued in 2012 for the purpose
of confirming feasibility of surface-based grouting at the DGR project site.
LPSC-01-32



GNSCR
3(1)(b)

Information Request:
Provide information on the kinds of controlled drill and blast techniques that may be used to minimize the
excavation damage zone (EDZ) associated with the shaft excavation. Also provide information discussing the
kind of ground support expected for use during excavation of the shafts.
Context:
PSR 9.4.2 provides a brief description of rock excavation for the shaft collar in the upper 20 metres of bedrock
with temporary equipment for drilling. PSR 9.4.5 briefly described the sinking of the main and ventilation shaft
using “controlled drill and blast techniques”.
No information is provided on what controlled drill and blast techniques may be used to minimize the EDZ. The
EDZ is important to long term performance. Ground support is also not described.
Additional information on the kinds of drill and blast and ground support techniques is needed for a more
complete description of the construction of the DGR facility.
OPG Response:
Controlled drill and blast techniques will be used to minimize the amount of overbreak and damage to the
Ordovician shale and limestone formations. These formations will ultimately host the low-permeability shaft
sealing materials to be placed in the two shafts at the time of decommissioning (see Chapter 13 in the
Preliminary Safety Report - PSR). This zone of damaged rock immediately at the perimeter of the shaft
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excavation is referred to as the highly damaged zone (HDZ) (see Figure 4-80 in PSR for definition of HDZ, EDZ
and EdZ). The contractor will be responsible, in consultation with the NWMO, for selecting the drill and blast
method that will best minimize damage. These could include increasing blast hole density and reducing the
powder factor per hole, use of high density perimeter holes close to the excavation limit, varying the types of
explosives used for each round, etc. The contractor will explore various approaches to controlled drill and blast
in the upper 200 m of the shafts and then select the preferred method before reaching the Ordovician shales.
Ground support for the shafts, as well as underground excavations, will be selected based on actual conditions
encountered during excavation (i.e., the observational approach). The ground support will be adapted to the
observed conditions (e.g., no overstressed conditions, overstressed conditions, potential slaking, etc.). There
will be a series of ground control measures applied over the length of the shaft. Rock bolt types, lengths and
sizes will vary, as will the method of anchoring to the rock (resin versus mechanical). There may be the need
for additional initial support in the form of shotcrete.
In general, the typical initial rock support installed immediately after excavation will consist of nominally 3-mlong, 25-mm-diameter resin grouted rock bolts and welded wire mesh with supporting anchorages. The rock
bolts will have varying spacing depending on ground conditions and will be used with fast-setting resin
cartridges to provide end-anchoring (300 mm anchor length) and slow setting resins to bond the remaining
length of the bolt with a free length of approximately 0.5 m in the hole at the bolt head. The free length will
facilitate rock bolt removal in conjunction with over-excavation in the HDZ. The design of the rock bolts takes
into account the residual elastic movements of the rock due to subsequent advance of the shaft, and the long
term displacement of the rock due to swelling, if the rock formations exhibit swelling characteristics.
LPSC-01-33



GNSCR
3(1)(b)

Information Request:
Provide additional information on the waste rock dumping facility and the muck bay (with sump description, dust
control, etc) associated with the main and ventilation shafts.
Context:
PSR 9.4.3 briefly describes a temporary waste rock dumping facility and muck bay beside the main headframe
for shaft sinking, and similar facilities for waste rock from underground development associated with the
ventilation shaft (PSR 6.2.2.1).
Additional information on the temporary and permanent muck bays and dumping areas (nominal size, dust
control, etc.) provides a more complete understanding of waste rock handling.
OPG Response:
During shaft sinking, the excavated rock (waste rock) will be hoisted to surface by shaft sinking buckets and
dumped into muck bays adjacent to the headframes via dump chutes. Muck bays will be of reinforced concrete
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construction lined with steel. Muck bay floors will slope toward the entrances where grating covered trenches
are located to direct run-off to the site drainage system.
The main shaft headframe will have a single muck bay for shaft sinking located adjacent to the headframe on
the south side. This muck bay will be removed once the shaft sinking activities are complete at the main shaft.
The ventilation shaft headframe will have two muck bays during sinking and development located adjacent to
the headframe on the north side. During development, the waste rock will be hoisted in the skip and dumped
into the ventilation shaft headframe muck bays via a dump chute with diverter gate. Muck bays will be sized to
provide a nominal 100 m3 storage capacity.
As is typical in mining operations, the excavated rock is sprayed or misted with water to reduce fugitive dust
where the material is loaded and hauled underground. As such, fugitive dust at the muck bays is not expected
to be an issue. In addition, the waste rock to be hoisted will not be crushed after blasting but sized to 305 mm
minus through a grizzly with hydraulic rock hammer which reduces the amount of fines in the waste rock. The
waste rock hoisted to surface is estimated to have a moisture content of 5-8% at the point of discharge and will
be dumped into muck bays that are enclosed on three sides.
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GNSCR
3(1)(b)

Information Request:
For underground development provide additional information on the excavation cycle, the use of partial-face
excavation, and the ground support methods and their expected locations for installation.
Context:
PSR 9.4.7.1 provides a brief, but incomplete, description of the drill and blast excavation cycle. It is not clear
what support is expected for the typical profiles of the excavated openings, and whether steel mesh is part of
the initial ground support. It is also unclear what partial-face excavation may be conducted to reduce risk of
rock falls and where it may be expected to be used.
Additional information is needed to complete the excavation plans for the underground development.
OPG Response:
Excavation of underground openings will be carried out by drill and blast methods. The excavation cycle is
described in Section 9.4.7.1 in the Preliminary Safety Report (PSR). Current concepts include planned round
lengths (lateral length of the blast) that do not exceed the width or the height of the rooms, which means that
the excavation benefits from some support provided by the face while rock bolts are being installed. It is
anticipated that full-face excavation will be adopted in all access tunnels beyond the shaft stations and all of the
emplacement rooms. It is further anticipated that excavation at the shaft stations and several of the shaft area
excavations will be by partial-face or benching sequence.
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At the repository level (access tunnels and emplacement rooms), the ground support consists of both plain (or
un-reinforced) and fibre reinforced shotcrete, welded wire mesh, 25 mm diameter hollow core mechanical rock
bolts and 12 mm diameter cable bolts. To prevent any potential propagation of fractures or spalling as well as
to “stitch” the bedding layers and to provide a thicker beam above the roof, rock bolts will be installed in all
workings. Supplementary cable bolts will be installed in selected areas such as shaft stations, maintenance
areas and other wide intersections. The tentative bolting pattern is 2.05 m × 2.05 m spacing, 3 metre long bolts
for the emplacement rooms. A pattern of 1.68 m × 1.68 m, 2.4 metre long bolts will likely be used in the access
tunnels. All bolts will be galvanized, hollow, initially end anchored and pre-stressed to maintain the tight
bedding. As the rooms and tunnels are advanced, secondary cement grouting of the bolts will be carried out for
long term support and corrosion protection. In additional to bolting, mesh or fibre reinforced shotcrete will be
applied after each round to prevent small “loose” from falling and jeopardizing the safety of the workers. If
mesh is used, plain shotcrete can be applied at a later time, when it is most convenient in the construction
cycle.
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GNSCR
3(1)(b)

Information Request:
Provide additional information on the lateral development and the ventilation schemes for the development
sequences to allow confirmation of the ventilation system capacity. Provide description of the ventilation system
during underground development (e.g. temporary or permanent rigid metal ducting?).
Context:
PSR 9.4.7.2, 9.4.7.3 and Figures 9-4 to 9-8 provides only a brief description on the development sequence and
the associated ventilation.
No information is provided about the development and ventilation of the shaft bottom ramp, and information is
lacking on the other lateral development sequences. This limits determining the adequacy of the capacity of
ventilation system. The lateral development schedule suggests a minimum of 6 development headings
indicating, based on Figure 2.3, Radon Assessment, a requirement for 180 m3/sec maximum air flow. This is
different from PSR 6.3.8.2, which indicates 130 m/sec maximum air flow during construction. Figure 9-12 shows
a push (40 kw) - pull (80 kw) system for a single heading, but this is uncertain.
Additional information is needed so that ventilation requirements for the construction period can be confirmed
by CNSC staff.
OPG Response:
The construction of the underground repository will likely be performed in four major stages with each stage
employing a ventilation scheme unique to that stage.
1. Shaft Sinking: the two shafts will be ventilated separately in the shaft sinking stage. Fans and heaters
202

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA
Regulations
Section #

Information Request and Response

will be set up on the concrete intake and exhaust plenum structures. Air will be delivered to the shaft
bottom via temporary ventilation ducts connected to plenum structures.

2. Development Out of Shafts: until the two shafts are connected, air will be supplied to the level via
temporary ducts in each shaft.
3. Development After Shafts Are Connected: when the shafts are connected by a tunnel at the repository
level, a temporary bulkhead will be established in the tunnel between the two shafts. Fans will be
installed in this underground bulkhead to pull air down the main shaft and send the air back to surface
via the ventilation shaft. At this time, the temporary shaft sinking ducting and aforementioned
temporary fans and heaters will be removed. The first of the two permanent fresh air fans and heating
system at the intake plenum structure will also be established at this time where the primary function of
the surface fan(s) is to push air through the heaters to the main shaft where it is drawn underground by
the bulkhead fans.
4. Development Using Permanent Return Air Fans: once the underground services area is developed
and electrical power is available, the two permanent main underground fans will be installed and
operated. The temporary bulkhead between the two shafts will be removed. The main underground
fans draw air down the main shaft into the underground services area. Walls, doors and louvers control
air flow through underground services area. Air to the ramp to shaft bottom is fan assisted and draws
fresh air from the repository level through an established ventilation bulkhead at the top of the ramp.
5. Once underground development expands out into the two panels of emplacement rooms, there will be
increased construction activity and thus a need for larger volumes of air. Temporary metal and fabric
ducting with auxiliary fans will be used in headings until flow-through ventilation is established as
described in Section 6.3.8 of the Preliminary Safety Report.
Regarding the minimum number of development headings at any given time, this refers to the available faces
for development. However, only 4 faces will be active at any given time in order to maintain an average of 4
development rounds per day. Further, the air flow requirements of the rooms vary with the type of equipment
active in the room. The estimated airflow requirements detailed in Section 6.3.8.2 of the Preliminary Safety
3
Report of 102 m /s reflects the activities required in each of the rooms to meet development objectives and the
airflow requirements. The airflow requirements of 30 m3/s shown in Figure 2.3 of the Radon Assessment show
the peak flow requirement of an emplacement room during construction, not the average.
The ultimate ventilation requirements will depend on the development approach and equipment selection of the
contractor. The proposed ventilation system is flexible to accommodate changes in the total airflow
requirements if required.
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Information Request:
Clarification is needed on the application of fire safety/protection requirements of Part 8 of the National Building
Code and Ontario Regulation 213/91 Construction Projects during the site preparation and construction phase.
Additional information is needed addressing fire and fire protection during construction, including a fire hazard
analysis and the development of a fire protection program for the site preparation and construction phase of the
DGR project.
Context:
There is no apparent discussion in PSR 9.4.9, Occupational Safety, on fire protection during the site
preparation and construction phase.
PSR 9.4.9 does refer to the Ontario Occupational Health and Safety Act and the Preliminary Conventional
Safety Assessment Report which identifies the Mines and Mining Plants Regulations, RRO 1990 Reg.854. This
regulation includes fire protection. But no references are made to the application of Part 8 of the National
Building Code of Canada (NBCC), “Safety Measures at Construction and Demolition Sites” (and by citation the
National Fire Code of Canada) for the construction phase of the DGR project. Nor is reference made directly to
Ontario Regulation 213/91 Construction Projects. Both Part 8 of NBCC and Ontario Regulation 213/91 are
applicable during the development of the DGR facility, and through Part 8 of the NBCC there is an expectation
for a fire protection program during this period.
Table 5.3, Summary of Construction Conventional Safety Assessment, in the Preliminary Safety Assessment
Report did not identify ‘fire’ as a hazardous condition and did not, therefore, indicate control and mitigation
measures. Fire was addressed as a hazardous condition in Table 5.2 for site preparation. CNSC staff requires
the development of the Fire Protection Program and a Fire Hazard Analysis (FHA) based on the consideration
of National Fire Protection Association (NFPA) 122 and NFPA 801.
Clarification and additional information is required to understand how fire and fire protection will be addressed
during site preparation and construction of the DGR.
OPG Response:
A detailed Fire Protection Program for site preparation and construction will be prepared in accordance with the
National Building Code of Canada-Part 8, the National Fire Code of Canada, the Ontario Health and Safety Act,
and guidance from National Fire Protection Association (NFPA) standards 122 and 801, and Ontario Regulation
213/81, which have all been reviewed for their relevance to this project. A fire protection plan will be prepared
which will be based on a fire hazard analysis based on guidance from NFPA 122 and 801. The plan will be
finalized once the construction contractors have been hired and details of their construction equipment and on204
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site infrastructure are fully known. However, the plan will outline the fire protection measures to be implemented
during the construction of the DGR, both for the construction of the buildings and facilities, as well as for
underground development. There will be provisions in the plan to segregate hazardous material, limit
combustible material, have available numerous fire extinguishers, and have a site emergency response plan.
The plan will be specific to the availability of services and the activities/hazards associated with the activities to
be completed.
LPSC-01-37



GNSCR
3(1)(b)

Information Request:
Provide additional information clarifying, for the site preparation and construction phase, the conventional safety
requirements. The information should include any additional controls and measures for conventional safety
required by the applicable regulations under Ontario’s Occupational Health and Safety Act and not currently
identified in the Conventional Health Assessment, and how the controls and mitigations are to be provided.
Context:
PSR 9.4.9 discusses occupational safety and contingency planning, primarily referencing Ontario’s
Occupational Health and Safety Act, the NWMO’s Health and Safety Management Plan, the Design and
Construction Phase Management System (provided), and the Conventional Safety Assessment (provided).
Tables 5-2 and 5-4 in the Conventional Safety Assessment, provides a summary of the hazards during site
preparation and construction, and lists the controls and mitigation measures needed to address them. It is not
apparent in the PSR and Construction Phase Management System document how the controls and mitigation
are to be provided and what, if any, additional controls and measures may be required by the applicable
regulations made under Ontario’s Occupational Health and Safety Act.
Additional information is needed on the controls and measures and their application in the period of site
preparation and construction to assure CNSC staff of worker safety.
OPG Response:
The site preparation and construction activities will be carried out in compliance with Ontario’s Occupational
Health and Safety Act and its associated regulations.
In its capacity as Constructor, the NWMO will ensure that: the measures and procedures prescribed by the Act
and the associated Regulations are implemented on the project, every employer and every worker performing
work on the project complies with the Act and Regulations and the health and safety of workers on the project
are protected.
The NWMO has developed a project Health, Safety and Environmental Management Plan (HSEMP) and a set
of procedures that govern the planned work activities. The procedures will be reviewed and updated, as
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required, to reflect the specific work being performed. This includes incorporating best work practices and taskspecific procedures provided by the various contractors.
The project organization will include a health, safety and environment manager who is responsible for
facilitating safe work planning as well as performing field monitoring and coaching on safe work practices.
As required by the HSEMP, risk assessments are conducted for all work to be performed, with criteria
established to identify tasks as having a high potential for harm should they not be performed properly. Such
tasks are subjected to a job safety analysis by the contractor, the supervisor and the owners’ safety supervisor.
The job safety analysis provides the basis for a safe work plan which describes how the work is to be done,
how the risks are to be mitigated and which procedures will be followed during the execution of the work.
Workers are involved with the work review and acknowledge the safe work plan with their supervisor prior to
starting any work. If the nature of the work changes, or new workers are introduced, the safe work plan will be
reviewed, and any and all new risks associated with the revised work will be mitigated.
With respect to Tables 5.2 and 5.4 of the Preliminary Conventional Safety Assessment, the current HSEMP and
procedures adequately address all items with respect to the site preparation and construction activities that are
to be undertaken at surface. Nevertheless, these will be reviewed prior to the commencement of work as part
of the job safety analysis that must be carried out to develop the required safe work plan for each phase of that
work.
Further development of procedures is required for the shaft sinking and lateral development activities. These
procedures are planned to be developed in conjunction with the contractor(s) that will be retained for this work
and these procedures will be in place prior to the start of that work.
In addition, the project plans and procedures are reviewed annually and are updated at any time that there is a
revision to the governing Acts or Regulations.
All workers are required to be trained on the site emergency response procedures as part of their orientation.
Emergency drills are carried out on a routine basis to ensure that all workers understand how to react and what
to do during an emergency. This includes emergencies that may occur off of the project island, e.g., a Bruce
site nuclear emergency.
Currently, the HSEMP is being divided into two plans, namely, the Health and Safety Management Plan
(HSMP) and the Environmental Management Plan (EMP). The HSMP will comply with the requirements of CSA
Z1000:2009 and the EMP with the requirements of ISO 14001.
LPSC-01-38
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Information Request:
Provide additional information clarifying the commissioning of temporary installations, such as the water
treatment plant, used during the site preparation and construction phase and permanent installations, such as
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the hoists, that are used in a construction configuration during the same period.
Context:
PSR 9.4.11 states “Commissioning plans for the DGR project will be developed in accordance with the
commissioning program referred to in the Design and Construction Phase Management system document. …
Commissioning … will be staged, with initial commissioning of key equipment and facilities occurring early the
construction program to support development of the repository.”
PSR 9.4.11.1-2, describes commissioning for subsequent operation of the DGR facility but provides no details
on the commissioning of temporary installations (such as the galloway, water treatment plant and the batch
concrete plant) that support construction. The commissioning of permanent installations for use in during the
construction phase (such as the hoists in the main and ventilation shafts, the stormwater management pond)
also does not appear to be discussed. CNSC staff was unable to confirm if the commissioning as discussed in
the Design and Construction Phase Management System document included the period of site preparation and
construction.
Additional information on the commissioning of temporary and permanent installations used in a construction
configuration is needed to fully understand this activity during the construction phase.
OPG Response:
The commissioning plan as referenced in the Design and Construction Phase Management System document
(NWMO 2011) will be inclusive for temporary equipment required for construction, as well as the end-use
commissioning requirements to meet Ontario Power Generation’s operational acceptance requirements. The
major systems, structures and equipment that will need to be commissioned to support construction include:








Electrical supply onto the DGR site including electrical substation;
Service water and fire water connections into the existing Bruce nuclear site systems;
Main shaft and ventilation shaft headframes;
Temporary shaft sinking hoisting equipment followed by permanent hoisting equipment for the main
shaft and ventilation shaft (latter installed and commissioned after shaft sinking is complete);
Underground ventilation systems – temporary systems used during shaft sinking and initial off-shaft
development at both shafts followed by permanent ventilation system used during lateral development;
Waste rock handling system including underground waste rock handling equipment, loading pocket ,
shaft conveyance (i.e., skip) and surface-based waste rock handling equipment; and
Stormwater management system.

Reference:
NWMO. 2011. Design and Construction Phase Management System (OPG’s L&ILW DGR). NWMO
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document DGR-PD-EN-0001 R000. Toronto, Canada.
LPSC-01-39




C1NFR 5(f)
RPR 4, and
5

Information Request:
Provide information clarifying the purpose and use of the collective dose benchmark for the DGR. Also
include information on the disposition of the recommendations put forth in the Preliminary ALARA Assessment.
Context:
PSR 7.1.1 states “The WWMF operating experience over the past 40 years is also an important context for this
DGR operational safety assessment. Many of the waste packages to be emplaced within the DGR are currently
handled, transferred and stored in the WWMF.” The Preliminary ALARA Assessment identifies the collective
dose benchmark for DGR workers as 55 person - mSv/year (based on the WWMF experience). However, the
actual collective dose estimate for DGR workers (i.e. waste handling, maintenance and support workers) is 137
person – mSv/year, which is significantly higher that the collective dose benchmark.
Given the differences between the collective dose estimate and the benchmark, the intent of the collective dose
benchmark and the purpose it serves in the design and operations is unclear. As well, the suggested efforts
presented in the Preliminary ALARA Assessment to reduce the collective and individual doses are
recommendations, and it is not clear whether any will be accepted and implemented in the design and
operation of the DGR.
OPG Response:
1. Collective Dose Benchmark
The purpose of the preliminary ALARA assessment (SENES 2011) is to provide a baseline to direct the
subsequent detailed design and ALARA optimization. It does this by deriving a DGR worker collective dose
estimate, and thereby identifying the principal contributors to this collective dose. This information provides an
indication of where optimization will be most useful.
The collective dose was estimated using a bottoms-up task-analysis approach based on estimates for activities,
number of workers, distance from packages, and task durations. This estimate represented the wide variety of
packages by 8 specific packages. This resulted in a preliminary dose estimate of 137 person-mSv per year
during the initial higher package handling period. Since this was derived from a task analysis basis, this
estimate provides specific information on the higher dose tasks.
As an independent check, the collective dose was also estimated by using a simple analogy from actual
Western Waste Management Facility (WWMF) worker dose experience, where similar waste packages are
handled. WWMF worker doses were simply scaled up by the larger waste volume to be handled during the
initial DGR operations. This scaling led to the 55 person-mSv per year estimate. This value is much smaller
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than the task-based estimate noted above. As it is just scaled by a waste-volume-analogy, the scaled estimate
is not useable to provide specific direction on optimization. However, it does provide an indication that the 137
person-mSv/yr value may be significantly reduced as more realistic information and practices are taken into
account.
2. Preliminary ALARA Report Recommendations
The Preliminary ALARA Assessment, Section 7.3, identifies initial recommendations for dose reduction based
on their potential to significantly reduce the estimated total worker dose. The recommendations and status are
summarized in the table below.
Recommendation
Optimize the design of the ILW Shield
waste containers

Consider options to reduce dose to
the light-duty forklift operator, in
particular adding shielding or
increasing the driver-load distance.
Consider adding shielding around
package staging area in the WPRB,
and moving this area away from the
control room location.
Place waste packages with relatively
high dose rates within emplacement
room and staging areas such that
other lower dose rate packages
provide self-shielding to worker
location.

Status
The detailed design of these waste packages is not currently
available, as they are not intended for use until 2019. For the
Preliminary ALARA assessment, the package dose rates were
therefore assumed conservatively high. The design will be
prepared incorporating the ALARA principle, before such
packages are put into service.
Detailed specifications for the mobile equipment have not yet
been prepared as they are not intended for use until 2019. The
Final ALARA assessment will lead to additional dose reduction
measures as required.
The amount of shielding required is currently being assessed as
part of the detailed design.

Administrative procedures will be developed for the operations
phase, and will take into account the necessary placement of
waste to ensure ALARA dose to workers.

Reference:
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
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Information Request:
Provide additional information to support statements on the applicability of the Derived Release Limits (DRLs)
for the WWMF to the DGR site on preliminary basis. Include information on plans for the development of final
DRLs for DGR operation.
Context:
The PSR refers to the use, on a preliminary basis, of DRLs prepared for the WWMF because of similar wastes,
and location of release sources. These DRL calculations include air dilution factors developed for the WWMF.
The PSR indicates that the estimated doses, which are based on the estimated release rate for the DGR
compared to the DRLs, are considered conservative. While the similarity of waste is understood, there is no
discussion of the similarities of location and release height to support the statements on applicability.
Additional information is needed to confirm the general applicability of the WWMF DRLs to the DGR.
OPG Response:
For the preclosure safety assessment in support of the application for Site Preparation and Construction
Licence, it was assumed that the DRLs for the DGR were the same as the approved DRLs for the Western
Waste Management Facility (WWMF) (OPG 2003).
Table 1 provides the key factors included in the 2003 WWMF DRL assessment and the relevance of these
factors to the DGR. The table shows that the WWMF DRLs provide a reasonable basis for the DGR
preliminary safety assessment. Figure 1 (provided at the end of the responses to LPSC IRs) shows the air and
water release points for the WWMF and DGR, and the nearest receptor locations around the Bruce nuclear
site. The figure shows that the air release points are very close. The water release points are different, but as
noted in Table 1, the assumed extent of dilution to nearest receptor for the WWMF DRL is readily met for the
DGR water release point.

Table 1: Comparison of Factors Applicable to WWMF DRL and DGR
Factors Included in the 2003 WWMF DRLs Relevance of Factor to DGR
Same
Releases to both air and water are
considered
Releases are reasonably continuous
Same
83m
No significant release of
Kr (potential dose Same
to lens of eye)
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No significant release of particulate to
environment (potential dose to hands and
feet)
Air releases were modelled from a single
ground source release point as this was most
conservative of the three actual release
points: incinerator stack at 21 m, buoyant
plume; Waste Volume Reduction Building
(WVRB) vent at 20 m, no plume buoyancy;
and Low Level Storage Buildings (LLSBs) at
ground level, ambient temperature.
Air releases were evaluated based on the
WVRB location, with nearest critical group
location ~3 km SSE of the site (OPG 2003,
Table 2). This was the limiting group for air
release of H-3 and C-14 (F14, OPG 2003,
Table 30).
Water releases from the site go through the
railway ditch to Stream C and then to Baie du
Dore.

Same

This water is then used by receptors from
Scott Point, which is the waterborne critical
group (R1, OPG 2003, Table 30).

Contaminants would then be mixed with the near-shore
current flow and carried to the nearest receptor, also
Scott Point.

The total dilution to receptor at Scott Point is
50 L/s (minimum Stream C flow) x 20 (Baie
du Dore dilution factor) = 1000 L/s = 1 m3/s.
That is, 1 Bq/s of release corresponds to a
concentration of 1 Bq/m3 at the nearest point
of use.

The total dilution to receptor at Scott Point can be shown
to be in similar range as per WWMF release as follows.
The DGR releases would be mixed by the current along
the lake shore. The lake depth is a few metres close to
shore, and the water is mixed by wave action and
currents. The actual dilution will be assessed explicitly
as part of preparing the DGR-specific DRLs. But as a
simple estimate, assuming cautiously that the releases
mix just to an effective depth of 1 m and width of 10 m
by the receptor location at ~ 3 km distance, and with an
annual average current flow of 0.1 m/s in Lake Huron
off-shore (CSA N288.1, Table F.4), then the diluting
3
water amount would be 1 x 10 x 0.1 = 1 m /s. As with
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There are two main air release points from the DGR the Waste Package Receiving Building (WPRB) exhaust
vent at around 20 m above ground level, and the
ventilation shaft exhaust at several metres above ground
level. Treating these as a similar ground level release
would be conservative.

The main air release location is the ventilation shaft
exhaust, which is ~0.4 km N of the WWMF air release
point. As illustrated in Figure 1 (provided at the end of
the responses to LPSC IRs), this release point is close
to the WWMF reference air release point, and a similar
distance to the same critical group as in WWMF.
Water releases from the site go through the DGR
stormwater management pond and into Macpherson
Bay. This is different from WWMF.

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA
Regulations
Section #

Information Request and Response

Transfer pathways and factors from OPG
DRL Guidance report (OPG 2002)

Actual receptor locations around the Bruce
site, representing residential, non-dairy farm,
farm and industrial.
Six age groups evaluated
Effective and equivalent dose limits from
Radiation Protection Regulations

the WWMF, this means that 1 Bq/s water release from
the DGR would also correspond to a concentration of
1 Bq/m3 at the nearest point of use. This the same as
assumed for the WWMF DRLs.
The transfer pathways remain relevant, but the
reference transfer factors have since been superseded
by CSA N288.1-08 (2008). See further discussion of
this below.
Same. These receptors cover the range of receptors
around the Bruce nuclear site. As shown in Figure 1
(provided at the end of the responses to LPSC IRs),
these receptors are also the closest to the DGR.
Current guidance indicates that three age groups are
sufficient for DRL calculations.
Same. These dose limits are still applicable.

Recently, OPG has updated its WWMF DRLs to reflect current information, and in particular implementation of
CSA N288.1-08 (CSA 2008), 2007 site-specific survey data, and current meteorological data. These updated
DRLs have been submitted for CNSC acceptance (OPG 2011). The updated DRLs are generally larger than
the 2003 DRLs for key DGR nuclides. The exception is airborne C-14, for which the updated WWMF DRL is 4
times smaller. However as shown in the DGR Preliminary Safety Report, the DGR will operate well below its
preliminary DRL for airborne C-14 (< 0.1% of DRL, Table 7-10, PSR), so a reduction in DRL by a factor of 4 will
have no effect on the DGR safety conclusions. Therefore this indicates the present (2003) WWMF DRLs are
still useful guidance for the preliminary safety assessment of the DGR.
OPG will develop and propose DGR-specific DRLs for CNSC approval prior to submitting its application for an
Operating Licence for the DGR. These DRLs will be calculated as per applicable CSA and CNSC guidance in
effect at that time.
References:
CSA. 2008. Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne and Liquid
Effluents for Normal Operation of Nuclear Facilities. Canadian Standards Association, CSA N288.1-08.
Toronto, Canada.
OPG. 2003. Derived Release Limits for the Western Waste Management Facility. Ontario Power Generation
report 0125-REP-03482-00002-R00. Toronto, Canada.
212

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA
Regulations
Section #

Information Request and Response

OPG. 2011. Letter to CNSC, T. Doran to R. Barker, “Derived Released Limits and Action Levels for the
Western Waste Management Facility”, November 29, 2011.
Radiation Protection Regulations. SOR/2000-203. Canada.
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Figure 1 (associated with IR-LPSC-01-40). . This figure from the 2003 WWMF DRL report shows the locations of various receptors around the
Bruce nuclear site, and the receptors specifically evaluated as part of the 2003 WWMF DRL. The location of the release points used for the
WWMF calculations are shown, as well as the locations of the DGR release points
Air and water release points for WWMF

Air and water release points for DGR
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Information Request:
Identify events on the Bruce site that could affect the DGR. Provide an assessment of how the DGR may be
affected, including possible simultaneous events at both the Bruce Power facilities and the DGR. Information
needs to include how these events influence the DGR facility design (if they do) and if, and how, such events
need to be addressed in contingency plans (e.g. changes to the status of DGR and Bruce Power operations)
and emergency planning (e.g. changes to emergency response assistance) for the construction and operational
phases.
Context:
PSR 7.5.1.2 and Table 7-25, Initiating Events, identifies many external events that are assessed as to their
potential to affect operations at the DGR facility. However, the list of potential external events does not include
radiological and nuclear events and/or other events originating from other areas of the Bruce site. These events
may have effects that might necessitate changes to the DGR design, to contingency planning and to
emergency response plans for the construction and operational phases.
The assessment of the effects of initiating events occurring elsewhere on Bruce site, including simultaneous
events, needs to be included to demonstrate adequate consideration of all potential events affecting the DGR.
OPG Response:
The Bruce A and B reactors are about 1.5 km distance from the DGR on the Bruce nuclear site, and their
associated transformer stations and high voltage transmission lines are about 1 km. There are also steam lines
and an oil-fired heating plant at about 0.5 km. There are two 3500 US gallon propane tanks at the WWMF
incinerator at about 0.3 km. These facilities are too far from the DGR to have any significant direct effect (e.g.,
explosion impact). There are no active rail lines, natural gas pipelines, or large flammable gas storage facilities
within a kilometre of the DGR. (Propane heating of the DGR may be used during construction, but not during
operation.)
Consequences of accidents or events at these other site facilities that could potentially affect the DGR site are
those involving radiation release, fires, loss of power, or loss of site emergency services. The implications of
these are discussed below.
Radiation Release
Radioactive materials could be released from the Bruce reactors under accident conditions. The main effect of
this on the DGR is that workers would stop construction or waste emplacement operations and go to their
predetermined site emergency locations (e.g., refuge stations underground) and later, potentially evacuate the
DGR area. The DGR would have to go into shutdown mode. Since the safety of the stored packages at the
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DGR is not dependent on active cooling systems, there would be no associated impact on the stored waste.
As part of the radiation emergency response, building ventilation would be stopped within the surface facilities.
Underground ventilation and compressed air supply from surface would also be stopped in the case of a
radiation emergency. Although this would be inconsistent with conventional emergency response where mine
ventilation would continue until all workers have reached the nearest refuge station, there will be sufficient air
supply at the repository level for breathing air for a prolonged period, even with the ventilation fans shut-down.
Notification of the emergency event would be through the repository “leaky feeder” communication system and
emergency procedures would be developed to ensure personnel are accounted for.
Fires
Fires could occur in the other facilities. The smoke from these could impact surface and underground
operations, requiring workers to stop construction or waste emplacement operations at the DGR and go to
emergency locations (e.g., refuge stations underground) and later, to evacuate the DGR area if the fire is not
put out quickly or results in radioactive contamination of the area. The DGR will have to go into shutdown
mode. As with Radiation Release above, the passive nature of the DGR means that there will be no safety
impact.
Loss of Power
In the event of accidents at other on-site facilities, or due to natural events, there may be loss of site power
impacting the DGR. The DGR will then rely on its own emergency backup generators to provide power for
emergency services. Waste emplacement operations at the DGR will be put on hold, workers will be removed
from underground, and only key systems will be operated. The DGR backup generators will have sufficient fuel
for 48 hours at full emergency power, which would provide for longer power in practice as systems are
progressively shut off (e.g., hoist system after workers are removed from underground). See response in IRLPSC-01-10.
Loss of Site Emergency Services
If other major accidents occur at the Bruce nuclear site, an effect could be the unavailability of site emergency
services. This could mean, in particular, that the Bruce Emergency Response Team would be fully occupied
with the other event, and not able to assist the DGR if a subsequent accident were to occur at the DGR. If this
service was confirmed to be unavailable or limited in ability to respond, the DGR construction or waste
emplacement operations would be put on hold.
Simultaneous Events
In the event of an unlikely event affecting the whole Bruce site, such as a large earthquake or tornado, the key
impact on the DGR could be the prolonged loss of power and emergency services to the DGR site.
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However, the DGR itself is largely passively safe - it does not require cooling, and any buildup of radioactive
gases or other gases is a slow process. The key issue would be to restore the sump pumps to remove water
infiltrating into the repository. Without power, water will accumulate in the DGR sumps. However, there is a
significant volume available within the shaft bottoms, the ramp to shaft bottoms, and areas around the shafts.
The repository layout also has the emplacement rooms updip from the shafts, following the slope of the host
rock formations, which puts the wastes above where water would initially accumulate. Without any power it
would take several weeks under design-basis inflow assumption of 2 L/s before water could reach the
emplacement rooms, allowing considerable time for the re-establihment of electrical power. Water inflow rate
would normally be very low due to the low permeability of most of the rock and the grouting of permeable
layers. If the inflow rate were higher than the design basis inflow, the time to reach the emplacement rooms
would be shorter. If this continued, the water would eventually flood the containers and there would be release
of radioactivity into the water. However, this water would essentially be stagnant and releases of radioactivity
from the site would be slow.
In summary, the most likely consequence of various accidents at other facilities on the Bruce site is that they
would result in the DGR stopping its construction or operation activities, and going into a shutdown mode.
LPSC-01-42



C1NFR 5(f)

Information Request:
Provide information on the process by which information from the analysis of initiating events and accidents is
being carried into the detailed design process, training, and procedural development.
Context:
PSR 7.5 discusses initiating events involving human error in design, training, and procedures and assesses
potential effects. These events can be minimized through appropriate mechanisms that ensuring information is
provided to the correct processes.
It is unclear what mechanisms will be used to ensure the minimization of human error in initiating events. This
information will facilitate CNSC staff’s assessment of the integration of human factors considerations in the
project.
OPG Response:
The initiating events identified as part of the Preliminary Safety Report (PSR) were assessed during the Human
Factors (HF) Operating Experience (OPEX) and Lessons Learned Review, and the HF Task Analysis and
Design Reviews (through the use of a Human Factors Verification Checklist) to evaluate the impact of human
error. As a result of these reviews, human factors recommendations were provided for consideration in future
design activities as per the Human Factors Engineering Program Plan.
There will be detailed procedures and training developed for operations staff which will include standard human
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performance error prevention tools and standards. In addition there will be emergency procedures developed
for accidents. These procedures and training will be developed as part of hand-over preparation and more
detail will be provided as part of the Operating Licence application.
LPSC-01-43



GNSCR
3(1)(i)

Information Request:
For the operational period, provide additional information supporting either the application of the Nuclear Waste
Management Division’s existing fire protection program and hazard assessment or the development of a DGR
specific fire protection program and fire hazard assessment.
Context:
It is stated in PSR 6.8.1 that “The design and operation of the DGR Facility is such that the risk of a fire
occurring is minimized. Features of the DGR that lower the risk of fires include:
Independent third party review of the fire protection design;
Implementation of the Nuclear Waste Management Division (NWMD) Fire Protection Program (refer to
Chapter 10) and fire hazard analysis;”
CNSC staff requires the development of the Fire Protection Program and a Fire Hazard Analysis (FHA) based
on the consideration of National Fire Protection Association (NFPA) 122 and NFPA 801. There is no
information provided to indicate why the NWMD fire protection program developed for OPG’s operating, surface
based, waste management facilities would be applicable to an operating DGR facility as the DGR has both a
surface and deep underground component.
Therefore, additional information is required supporting the application of the existing program and hazard
assessment or identifying the development of a DGR specific FHA and fire protection program for the
operational period.
OPG Response:
The Fire Protection (FP) Program for the operational phase of the DGR will be developed similarly to the FP
Program for the site preparation and construction, as described in the response to IR-LPSC-01-36. To
reiterate, the operational FP Program will be specific to the DGR, due to the unique fire protection requirements
associated with the facility, and will include a Fire Hazard Analysis based on the guidance of NFPA 122 and
801.

LPSC-01-44



GNSCR
3(1)(e)

Information Request:
With respect to the Radiation Protection Program, the proponent is requested to clarify how individual doses
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are also kept ALARA.
Context:
PSR section 10.1 states “The Radiation Protection Program will achieve and maintain high standards of
radiation protection including the achievement of the objectives listed below.
a) Control occupational and public exposure by:





Keeping individual doses below regulatory limits;
Avoiding unplanned exposures;
Keeping individual risk from lifetime radiation exposure to an acceptable level; and
Keeping collective doses ALARA, social and economic factors taken into account.”

There was no indication that individual doses will be kept ALARA once the DGR facility begins operation.
Clarification is required to understand how this will be achieved.
OPG Response:
The Preliminary Safety Report, including the Preliminary ALARA Assessment (SENES 2011), provides
information on worker doses. The results show the general feasibility of the DGR design with respect to
meeting CNSC individual worker dose limits.
The detailed design will include ALARA considerations with respect to the shielding design, monitoring and
package handling. During DGR operations, OPG’s ALARA practice at the Western Waste Management Facility
(WWMF) will be followed. At WWMF, senior management is committed to the effective management of
occupational dose, including the establishment of processes to estimate collective dose for general operations
and maintenance, effective ongoing monitoring, and dose targets
Individual worker dose is further controlled through establishment of an adherence to dose limits for workers
and jobs based on industry best practice:






No dose shall be received unless there is a benefit;
All modifications and processes are assessed for dose impact on workers;
Hazards are identified, risk is evaluated, and control measures are established;
Work is planned, and execution is overseen; and
Worker dose is monitored and controlled.

Part of ensuring ALARA is the setting of Exposure Control Levels (ECLs) and Administrative Dose Limits
(ADLs) below the regulatory dose limits, according to OPG procedure N-PROC-RA-0019 (Dose Limits and
Exposure Control). ECLs are set lower than ADLs; this ensures that if ECLs are exceeded, employees and
supervisors can use dose control measures to ensure the ADLs are not exceeded. Workers will have personal
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alarming dosimeters as well as thermoluminescent dosimeter (TLD) badges when performing radioactive work.
Further information will be provided in the Final ALARA Assessment that will be prepared as part of the DGR
Operating Licence application.
References:
OPG Procedure. Dose Limits and Exposure Control, N-PROC-RA-0019.
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada.
LPSC-01-45



GNSCR
3(1)(b)

Information Request:
Clarification is required on emergency response and preparedness arrangements for the construction phase.
Information on the arrangement(s) should address:






the scope of the services;
the roles and responsibilities of each of the parties as it pertains to the planning, preparedness and
response capabilities, including the use of drills and exercises to demonstrate how the response teams
will work together under emergency conditions;
the provision and maintenance of emergency response equipment at the DGR, emergency
communications systems/equipment;
how command and control will be maintained between organizations during emergencies.; and
in the event of an emergency or simultaneous emergencies involving the DGR and Bruce facilities, the
contingency plans, including the need to curtail activities at either the DGR and Bruce facilities.

Information on any mutual aid arrangement with a back-up off-site mine rescue team(s) during the construction
phase should also be provided.
Context:
The PSR (9.3.1) states, for the construction phase, that “services provided by the project will include …
emergency response and mine rescue (mine rescue supported by the contractor).” Text elsewhere in the PSR,
for example PSR 6.8, refers to arrangements with Bruce Power for emergency response during the operational
period, but is silent on the construction phase. PSR 9.4.9.1 references the Health and Safety Management Plan
which is described in the Design and Construction Phase Management System as including the site emergency
plan but no detail is provided.
It is unclear what emergency response services will be provided by Bruce Power in the construction phase and
what will be provided by OPG/NWMO and other contractors. Mine rescue plans and the arrangement for
additional response teams are not described in detail. Fire response plans refer to existing response
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arrangements with the Western Waste Management Facility but provides no description of that service.
Additional information is needed to assess emergency response and preparedness planning emergency events
during the period of site preparation and construction.
OPG Response:
The DGR project’s emergency response and preparedness arrangements for the construction phase will have
several contributors, each with specific roles and responsibilities. As NWMO will be in the role of Constructor
(under Ontario’s Occupational Health and Safety Act), it will be their responsibility to ensure these requirements
are in-place and adequate for the work. There will be contributions to this effort from OPG, Bruce Power and
the various contractors supporting the construction activities.
The project emergency response plan describes how the project will deal with emergencies during the
construction phase. It addresses surface, underground and off-site emergencies. All staff, contractors and
visitors are required to review and acknowledge the emergency response plan and associated procedures as is
required of NWMO’s DGR site orientation process. This process was in force when the NWMO acted as
Constructor for recent site investigation activities conducted at the DGR project site.
The plan details the processes to follow in the event of an emergency. The emergency may be related to
Health and Safety, equipment or material damage, environmental incidents or off–site influences. Off-site
emergencies include radiation emergencies, weather, road closures, fire etc.
Emergency preparedness planning is conducted in conjunction with contractors, OPG and Bruce Power. The
project will have trained first aid responders, both staff and contractors, for front-line medical incidents.
Depending on the severity of the incident, Bruce Power’s emergency response team (ERT) will be contacted to
respond. As per the OPG-Bruce Power site services agreement, Bruce Power’s ERT services are extended to
the DGR project site to provide medical and fire response support. Bruce Power’s ERT group is integrated into
the site’s communication protocols for notifications of incidents from the site, as well as, potential influences of
Bruce Power on the site (e.g., radiation emergency).
The project health and safety organization will be responsible to maintain the emergency response and
communication equipment specified for the site, including contractor supplied equipment. This will include
routine inspections and testing of equipment and maintaining records of such inspection.
The site emergency response requirements will be modified through the project phases to reflect the nature of
the work being performed and the parties involved. The emergency response system will be tested annually.
Ontario Mine Rescue response practices will be used for the underground emergency response at the DGR
project. The configuration of the mine rescue teams will be further defined for the project as the contractors are
engaged to provide services. As is the practice in Ontario, mutual aid agreements with local mining operations
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supporting Ontario Mine Rescue will be established closer to the start of construction.
Contingency plans have yet to be developed for the project to reflect the potential for simultaneous
emergencies and expected response. Selected contractor capabilities could have an effect on the
requirements of external support. This area will require future consideration and will be reflected in the DGR
Emergency Response Plan as appropriate.
LPSC-01-46



C1NFR 3(k)

Information Request:
Clarify whether table 8.1 of the preliminary decommissioning plan includes the hazardous materials that may be
present in the DGR at the end of operations. If not, provide information on the type, quantity/volume and form of
these other hazardous materials. Also clarify the application of the information in tables 8.1 and 8.2 to the
decommissioning of the DGR after construction.
Context:
PSR 13.11 describes general differences in the decommissioning planning at the end of construction from the
planning at the end of operation for the DGR. Appendix B in the Preliminary Decommissioning Plan (PDP),
provides some additional detail and identifies waste sections 8.2 and 8.3 of the facility plan as describing the
avenues for the disposal of decommissioning waste should decommissioning occur at the end of construction.
Section 8.2 of the PDP states “at the time of shut down any surplus hazardous materials will be removed from
the facility for disposal at a licensed hazardous waste management facility.”
It is not clear if the hazardous materials identified in table 8.1 of section 8.2 as “arising for the
decommissioning” includes the surplus hazardous materials noted in the quote above (i.e. present in the DGR
but not generated by decommissioning activities). The text in B.5 of Appendix B is also silent on whether tables
8.1 and 8.2 apply for decommissioning the DGR at the end of construction.
OPG Response:
Tables 8.1 and 8.2 in the Preliminary Decommissioning Plan (PDP) include the waste materials arising from
decommissioning the DGR as described below.
Table 8.1 estimates waste materials that would be generated on a yearly basis as a result of using large
equipment to remove facility materials, equipment and systems, as well as to demolish surface facilities.
Therefore, this information is not intended to represent an “after construction or operation” estimate since this
waste would only be generated as a result of the decommissioning. The decommissioning schedule in
Appendix B of the PDP is much shorter than the operations schedule presented in Figure 5.1 of the PDP.
Therefore, the total amount of waste generated during the 1½ years of decommissioning in this instance would
be significantly lower.
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To clarify “hazardous materials that may be present in the DGR at the end of operations”, the PDP further
describes this in Section 8.3 as fluids (e.g., fuel, lubricants, hydraulic fluids, etc.) and batteries needed for the
underground mobile equipment. This equipment will only be needed to support waste placement activities and
the materials needed to operate this equipment would only be present in small quantities in the repository. It
was highlighted in the discussion since there is a possibility that this equipment could be contaminated at the
end of operations. However, the range estimated for materials presented in Table 8.1 are sufficient to cover the
materials needed to operate this equipment and to acknowledge that small quantities could be in the repository
at the end of operations. It should be noted that Section 8.2 of the PDP also states that “At the time of
shutdown any surplus hazardous materials will be removed from the facility for disposal at a licensed
hazardous waste management facility”. This is reference assumption. The volumes and types of hazardous
wastes anticipated to be generated during operations are given in Section 4.8.5.2 of the Environmental Impact
Statement. At the end of construction, the mobile equipment and other materials noted above will not be in the
facility. Therefore, this statement does not apply to decommissioning following construction. It is also worth
noting that the PDP assumes that the waste management program to support construction activities is
adequate to manage all the wastes, such as those identified in Table 8.1, arising from this licensed activity.
In contrast, Table 8.2 includes estimates for DGR Facility materials that will be removed as part of the
decommissioning, the bulk of which will be generated from decommissioning the ventilation and main shaft
headframes. These materials would more closely represent “after construction” details. However, the current
plan does not anticipate the need to remove shaft internals, concrete liners or the surrounding rock (HDZ) for
decommissioning “after construction”.
To clarify, the “after construction” version of PDP Table 8.2 includes the information in Table 1.
Table 1: Waste Materials Arising from Decommissioning following Construction
Structure
Material Type
Quantity
Ventilation shaft headframe
Steel
520 tonnes
Concrete
260 m3
Main shaft headframe and WPRB
Steel
380 tonnes
Concrete
8,700 m3
Other items such as miscellaneous cabling, panels, and other equipment
Note: Volumes (in m3) of material are bulked volumes.
LPSC-01-47



C1NFR 3(k)

Information Request:
Provide clarification on the decommissioning activities associated with the decommissioning of the DGR
following construction. Provide information on the conditions that may require mitigation if decommissioned
after construction. Information should also be provided on what effect the possible mitigation (worst case
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scenarios) would have on the cost of decommissioning provided in the Preliminary Decommissioning Plan for
the end of construction.
Context:
The PSR and Appendix B of the Preliminary Decommissioning Plan indicates that the decommissioning
process will be similar to that proposed for the DGR at the end of operation, with the exception of the
installation of the concrete monolith and shaft seal system. It is not clear from the information presented if the
shaft liners will be left in the shafts or what mitigation is needed to address issues of surface subsidence
associated with the collapse of the open shafts and the possibility of saline groundwater from the Salina A1 and
Guelph formations impacting the potable groundwater.
Worst case scenarios need to be identified as they require consideration when developing cost estimates for a
reasonably conservative financial guarantee. It is uncertain whether the costs identified for decommissioning at
the end of construction (Appendix B) reflect consideration of the worst case scenarios.
OPG Response:
Decommissioning following construction is a simplified version of decommissioning following operations. Some
of the notable differences are the following exclusions, which are not performed for decommissioning “following
construction”:
 Construction of the concrete monolith;
 Removal of shaft internals, shaft liners and surrounding rock (HDZ); and
 Installation of the shaft seal system.
It is expected that decommissioning activities will be completed as follows:
Preparing for Decommissioning
Similar to the Preliminary Decommissioning Plan (PDP), Section 5.3, the site and facility will be prepared for
decommissioning by removing materials from the underground repository, if required.
Decommissioning of the Ventilation and Main Shafts
Decommissioning of the ventilation and main shafts includes the removal of the shaft hoists (and replacement
with a temporary stage hoist). As noted above, decommissioning of the shafts following construction excludes
the removal of the shaft internals, shaft concrete liners and the installation of the shaft seal system.
As indicated in the PDP, Section B1, the basis for decommissioning the shafts following construction is Ontario
Regulation 240, Mine Development and Closure. The PDP, Section 5.4.3.6 indicates that a concrete cap will
be constructed through staged pours to meet the requirements of this regulation. Because the shaft liners are
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not planned to be removed, and because the upper 180 metres, as well as permeable units such as the Salina
A1 and Guelph formations, will be grouted prior to (or during) shaft construction, any impact on the upper
ground water from the lower permeable saline formations will be minimized.
Decommissioning Surface Facilities
Similar to the PDP, Section 5.4.6, the surface facilities will be decommissioned as outlined in this section.
Waste Rock Management Area and Site Restoration
Similar to the PDP, Sections 5.4.7 and 5.5, the waste rock management area will be covered and the site will
be restored.
Cost Estimate for Decommissioning following Construction
The activities described above form the basis for the cost estimate presented in the PDP, Appendix B for
decommissioning following construction. A conservative cost estimate was developed consistent with G-219 on
Decommissioning Planning for Licensed Activities and CSA N294 on Decommissioning of Facilities Containing
Nuclear Substances, including a contingency allowance.
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OPG Response to the Joint Review Panel EIS Information Request Package 2
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EIS-02-34

EIS Guidelines
Section
 EIS Guidelines:
Section 8.3;
 Section11.4.1

Information Request and Response

Information Request:
Provide a discussion that considers other options for managing the waste rock excavated between the depths
of 471 and 647m, including, but not limited to managing the waste rock in a different pile, or using the waste
rock as backfill.
This discussion should be informed by the potential for the generation of acid drainage posed by the chemical
characteristics of the rock within this horizon.
Provide the reference: Golder Associates Ltd. 2011. Results of Geochemical Testing of Rock Samples from
the Deep Geologic Repository (DGR). Technical Memorandum from C.McRae to D.Barker (NWMO).
Context:
CNSC staff reviewed the Golder Associates Ltd. 2011 geochemical investigation which analysed drill cores for
total metal content, mineral proportion and leach metal concentrations. The results of this report indicated that
the total content of As, Cu, Co Pb, Ni, Tl, and Zn was enriched at depth between 471 and 647 meters
compared to other depths. Similarly, at the same depth, analyses of the drill cores indicated a greater
proportion of Fe2O3 (or possibly FeS) and a lower proportion of CaO and MgO at the same depth. In addition,
leach concentrations of As, Cu, Co Pb, Ni, Tl, and Zn were also higher. The potential for the generation of
acidic drainage from this waste rock is higher than waste rock from other depths.
It is difficult to predict short and long-term metal leaching from the waste rock pile based on drill core data.
CNSC staff acknowledges that OPG would have treatment on site in the short-term, and that the long-term
potential seepage from the waste rock pile could be addressed by installing a cover to limit rain percolation
and long-term seepage of metals. Despite these proposed mitigation measures, CNSC staff expect OPG to
consider other options for the waste rock excavated from the depths between 471 and 647 meters.
OPG Response:
Options for Managing Shale
The rock between the depths of 471 and 647 m are shales from the Queenston, Georgian Bay and Blue
Mountain Formations and is excavated during shaft construction. There are a number of potential uses for
this shale including producing brick, terracotta tile and cement. It can also be used in landscaping
applications including berms, clay tennis courts and baseball fields. However each of these potential uses
has constraints regarding the characteristics of shale which are suited to these applications.
In 2010, Golder Associates Ltd. (GOLDER 2010) assessed the suitability of the rock for use as concrete
aggregate. This work was based on core samples from the subject formations. The results indicate that the
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rock failed almost all of the tests carried out, including the accelerated mortar bar test for alkali-silica reaction
(ASR) and the soundness loss/abrasion resistance tests. This, in addition to the very high Petrographic
Number (PN), makes the material unsuitable for use as construction aggregate of any sort (concrete, asphalt,
aggregate, road base, structural fill, drain rock). The high concentrations of weak friable siltstone/claystone
are the key deleterious components.
Although it does not appear to be feasible, based on these tests, to use the shale as a concrete/asphalt
aggregate, it is expected that the shale could be reused on-site, in berms or in grading of the DGR Project
site.
Queenston shale is currently the primary raw material for production of clay bricks in Ontario. Ontario Power
Generation recently completed excavation of the 10.2 km Niagara tunnel, of which approximately 9 km of the
tunnel length was excavated within the Queenston shale unit. Approximately 1,375,600 m3 of shale was
excavated. Experience from this project can be applied to the shales to be excavated from the DGR Project.
Approval for the Niagara tunnel project to proceed was provided under the Ontario Environmental
Assessment Act on October 14, 1998, under Order in Council 2283/98. This approval was subject to
Conditions, including a requirement to prepare a “Reuse of Excavated Materials Report”.
In meeting these conditions the OPG-established Reuse of Excavated Materials Committee reviewed past
work and conducted further tests.
A 1989 assessment of the physical and chemical properties of the Queenston shale to be excavated by the
tunnel project indicated that samples tested were consistent with that of Queenston shale used for brick
manufacture.
Canada Brick took bulk samples of Queenston shale from a test excavation adit material stockpile for testing
during 1993/94. Their results indicated high chlorides and they had concerns about the viability for brick
making.
Small samples (~10 kg) of shale from boreholes at the tunnel horizon were provided to the brick industry for
preliminary analysis for brick-making viability. This testing provided a more favourable indication that the
shale can be utilized by the brick-making industry. The samples had a higher salt content and were harder
than typical Queenston shale, however they exhibited an average level of carbonates resulting in a desirable
red firing. It was noted that because of the small sample, care was needed in extrapolating the results to the
entire formation.
At the current time, only one small independent brick manufacturer is using the Queenston shale from the
Niagara tunnel excavation in brick making. They have more flexibility in terms of source material quality. The
large brick manufacturers are unable to use the Niagara Tunnel shale because of high salinity. There is one
other user who obtains shale for the development of baseball diamonds and tennis courts.
Further testing would be required to verify that the shale from the DGR Project would be suitable for the brick
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making industry. This testing could only occur once the shafts had been constructed and a sufficiently large
sample size would be available. Also, the shale excavated from the DGR Project will not be solely red clay
from the Queenston formation; it will include green and grey shales and therefore will not be a consistent red
clay which may make it less desirable for use in brick making and commercial landscaping applications.
OPG’s current plan to manage the waste rock extracted between the depths of 471 and 647 m, as described
in the Environmental Impact Statement, is to manage it in a separate pile (Sec. 4.7.5.3). The estimated
volume of shale to be excavated is 30,000 m3 (bulked volume).
Results of testing of rock core samples from the DGR boreholes between the depths of 471 and 647 m
indicate that the rock is likely non-acid generating (GOLDER 2011). OPG is managing shale, of the
Queenston formation, extracted during development of the Niagara tunnel. The stockpile, which was not
required to have a liner and is not covered, is operating under a provincial Certificate of Approval. Discharge
from the stormwater management pond is sampled and analyzed. There have not been exceedances of
metals limits.
The waste rock management area for the DGR Project, including the area where the shale is to be placed, is
underlain by a layer of a minimum depth of one metre of dense till. This undisturbed native dense till beneath
the shale will minimize the amount of water which infiltrates from the shale pile to groundwater. Surface
runoff from the shale pile, both during site preparation/construction and after, would be directed through a
ditch system to the stormwater management pond. OPG will obtain a Certificate of Approval for the
stormwater management pond. Effluent from the stormwater management pond will be analyzed. In the
event that contaminant levels exceed certificate of approval discharge criteria, effluent will not be released
until discharge criteria are met.
Potential on-site options for using the shale include using it in the development of berms and for site grading.
It is anticipated that the full volume of shale excavated would be used on-site within the first year after
excavation. If the shales could not be used on-site within one year for berms or site grading and had to
remain in a shale pile, this pile would be covered and vegetated, to minimize the amount of water coming into
contact with the shale.
The requested report, Golder Associates Ltd. 2011. Results of Geochemical Testing of Rock Samples from
the Deep Geologic Repository (DGR). Technical Memorandum from C.McRae to D.Barker (NWMO) is
enclosed.
References:
GOLDER. 2010. Testing of Rock Core for Use as Aggregate. S. Boyd and C. McRae correspondence to D.
Barker, November 22, 2010.
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository
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(DGR). Golder Associates Ltd. Technical Memorandum from C.McRae to D.Barker (NWMO). (enclosed)

EIS-02-35

 EIS Guidelines:
Section 10.1.3;
 Section 11.4.3

Information Request:
Provide a comparison of the relative ionic radii of the tracers (NaI and HTO) and the radionuclides (C-14, Nb94, Ni-63, Co-60, Cs-137, Sr-90, Am-241, Pu-240) that contribute to dose in the normal evolution and
disruptive scenarios in the short- to long-term.
Context:
There is much discussion in section 6.2.7.4 of the EIS about the role of anion exclusion (clogging of rock
pores by major cations such as Ca and Na for instance) but there is little discussion on the choice of the
tracers (i.e. NaI and HTO). CNSC staff acknowledges that these tracers are believed to have little interaction
with the rock along the diffusion path, but OPG has not provided information on how much these tracers could
be slowed down by their ionic size compared to other radionuclides of smaller size. Although, it is
acknowledged that other radionuclides may have higher chemical and electrostatic affinities with the rock
surface, smaller radionuclide ions could have higher diffusion coefficients, possibly resulting in them reaching
shallow groundwater in a shorter period of time.
OPG Response:
The response has been divided into three sections. The first section addresses mobility of radionuclides and
tracers in the aqueous phase and the key factors that affect their mobility in solution. The second section
addresses interactions at mineral surfaces and in pore spaces that may affect radionuclide mobility. The final
section discusses the implications of uncertainties in diffusivity on postclosure safety.
(1) Aqueous Phase Mobility
If we disregard interactions at mineral surfaces, the mobility of these radionuclides (C-14, Nb-94, Ni-63, Co60, Cs-137, Sr-90, Am-241, Pu-240) in the aqueous phase will be affected by their size, mass and charge,
all of which must be considered when assessing their mobility relative to the selected tracers (NaI and HTO).
Size: With increasing size of an ion or molecule, there is increasing resistance to motion due to the viscosity
of the solution, and due to physical confinement in pore spaces. In aqueous solutions, the size of these
radionuclides will be determined by their speciation and hydration state. Speciation refers to the chemical
form(s) in which an element occurs under defined conditions (e.g., pH, salinity and temperature). For
example, depending on pH, 14C will commonly occur as CO2(aq), H2CO3(aq), HCO3-(aq) or CO32-(aq). Similarly,
some of the other radionuclides may occur in the form of large complex ions (e.g., oxides, hydroxides,
carbonates and chlorides). Hydration state refers to the number of water molecules that are bound
229

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
electrostatically around an ion in aqueous solution. Large ions, and ions of low charge, bind less to water and
tend to have smaller hydrated radii than small ions and ions of high charge.
Mass: Aqueous diffusion coefficients typically display a relationship that is inversely proportional to the
atomic or molecular mass (M) of the diffusing species (D α 1/√ ). In other words, diffusion coefficients
decrease as the mass of the diffusing species increases.
Charge: The charge of a diffusing species affects the hydration state, the potential for anion exclusion and
the reactivity (e.g., ion exchange and surface complexation processes).
For each of the radionuclides listed and the selected natural tracers, the expected speciation in high-salinity,
reducing waters, as well as published hydrated radii and 1/√ values, are provided in Table 1 below. In the
cases of species for which published hydrated radius data are not available, the ion-water distance – defined
as the distance from the centre of the ion to the centre of the nearest oxygen atom in water of the first
hydration shell – have been provided as a proxy to assess the relative sizes of these radionuclide species in
aqueous solution. Where available and applicable, ion-water distances for the second hydration shell have
been provided as well.
The HTO molecule has a smaller hydrated radius than all of the requested radionuclide ionic species, and it
has the smallest mass and no charge – these are characteristics that suggest it should have the greatest
mobility, and therefore diffusivity, in aqueous solutions. Based on the comparisons provided in Table 1 below,
the De values for HTO are considered to be conservative estimates of De for radionuclides in the aqueous
phase.
Table 1: Factors Affecting Aqueous Mobility of HTO, NaI and Radionuclides
Ion or
Molecule

Speciation

HTO

H2O

NaI

Na+

Published
Hydrated
Radius (nm)

60

Co

1/√M
(M in
atomic
mass
units)
0.213

0.36 c

0.24 e,f

0.209

0.33

c

e

0.089

HCO3

0.20

d

CO32- a

0.25 d

I
C

Ion-water
distance:
second
hydration shell
(nm)

0.14 e

-

14

Ion-water
distance: first
hydration shell
(nm)

- a

Co

2+

0.36

0.126
0.127
0.21
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63

Ni

Ni2+ b

0.21, 0.22 e,f

0.126

+b

NiCl
90

Sr

Sr

0.101

2+ b

0.26

e,f

0.48

e

SrCl+ b
94

Nb

Nb

0.089

5+

0.21-0.24

**

0.103

Nb(OH)6- a
Nb(OH)5
129

I

137

Cs

240

Pu

Pu

0.071

a

ICs

+

3+ a

0.075
0.33

c

0.33

c

0.36

e

0.32

e

0.088
~0.52

0.25-0.26

f

0.25-0.26

f

+a

Pu(OH)2
241

Am

0.105

3+ a

Am

AmCl2+ a

e

0.085
0.065
0.060
0.064
0.057

a - Vilks, P. 2011. Sorption of Selected Radionuclides on Sedimentary Rocks in Saline Conditions Literature Review. NWMO TR-2011-12. Toronto, Canada.
b - Vilks, P., N.H. Miller and K. Felushko. 2011. Sorption Experiments in Brine Solutions with Sedimentary
Rock and Bentonite. NWMO TR-2011-11. Toronto, Canada.
c - Israelachvili, J. 1995. Intermolecular and Surface Forces. Academic Press. New York, USA.
d - Fouillac, C. and A. Criaud. 1984. Carbonate and bicarbonate trace metal complexes: critical reevaluation
of stability constants. Geochemical Journal, 18: 297-303.
e - Marcus, Y. 2009. Effect of Ions on the Structure of Water: Structure Making and Breaking. Chem. Rev.,
109: 1346-1370.
f - Perrson, I. 2010. Hydrated metals ions in aqueous solution: how regular are their structures? Pure Appl.
Chem., 82(10): 1901-1917.
g - Ohtaki, H. and T. Radnai. 1993. Structure and Dynamics of Hydrated Ions. Chem. Rev., 93: 1157-1204.
** Assumed value between ion-water distance of Ni and Eu; Nb will most likely exist as a hydroxide complex
in solution, not as Nb5+.

(2) Porous Medium Diffusion
Within a water-filled porous material, the diffusion rate is lower than that in free solution. This is due to the
porosity, including its tortuosity, and to surface reactions, notably sorption. Neutral, light, non-sorbing species
like HTO are generally expected to diffuse the fastest in such media.
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Diffusion of negatively charged species like iodide can be affected by anion exclusion, in which the small
negative charge on relevant material surfaces tend to repel the anions, restricting the porosity that they can
access, and in turn resulting in a lower diffusion coefficient. This was clearly seen in the data for the DGR host
rock, as discussed in the Descriptive Geosphere Site Model (INTERA 2011, Section 4.4.1) and the
Geosynthesis (NWMO 2011, Section 5.3.5), where the NaI diffusion coefficients were approximately a factor
of 2-3 less than HTO.
Diffusion of positively charged species, like the actinides, will generally be slowed by sorption. However, after
accounting for sorption, there are datasets which suggest that the effective cation diffusion coefficient in some
circumstances is larger than that for HTO (Altmann et al 2012, Gimmi and Kosakowski 2011). These
observations have led to the hypothesis that, in addition to diffusion in pores, cations may diffuse along
surfaces where they are bound within the Stern layer or the diffuse layer. The mechanism is not well
understood, but the most comprehensive evaluation of surface diffusion is provided by Gimmi and
Kosakowski (2011). They reviewed the available literature and reworked datasets for cation diffusion in clayrich rocks and soils, and it is apparent that surface diffusion is a phenomenon that may contribute to the mass
flux of cations when they are present at trace concentrations. Gimmi and Kosakowski (2011) defined a
method for scaling effective and apparent diffusion coefficients ( and ), which indicated that the influence
/ , where Kd is the sorption coefficient, μs is a surface
of surface diffusion increases with the ratio
mobility factor, and is porosity. μs was found to vary with both cation and mineral type. No clear effect of
cation size on μs was reported.
Overall, diffusive transport is best represented by , which is inversely related to Kd. Modelling and data
relative to HTO for the cations
presented in Gimmi and Kosakowski (2011) show an overall decrease in
evaluated.
(3) Safety Assessment Implications
In the Postclosure Safety Assessment (QUINTESSA et al. 2011), radionuclide transport from the repository
was modelled through the shaft seal and host rock potential pathways.
The radionuclide effective diffusion coefficient
values used in the shaft seals, and specifically through the
primary bentonite/sand seal, are based on the high end of the range of measured values for various elements
in a 70:30 bentonite:sand mixture (QUINTESSA and GEOFIRMA 2011, Section 4.6.5, Figure 4.10). These
measurements were for a range of elements (HTO, I, Cl, C, Cs, Ni, Tc, Se, Sm, U, Np and Am) that covers
the range of species (anion, neutral, cation) relevant to the DGR. In these measurements, Cs had a slightly
than HTO, but all other species had lower .
higher
The radionuclide effective diffusion coefficients in the host rock are based on measured values in host rock
samples using NaI and HTO. The
of I-129, Cl-36 and Se-79 were set to the measured
of iodine, and all
of HTO.
other radionuclides were set to the measured
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The net effect of surface diffusion processes on transport of cationic radionuclide species of relevance to the
DGR is expected to be small due to the thickness of the diffusion barrier and since these species typically
sorb in clay environments. As a check, three normal evolution scenario cases which maximized the impact of
diffusive transport (NE-RS, NE-RT2 and NE-GT5) were rerun with all radionuclides other than I-129, Cl-36
and Se-79 given 10x increased effective diffusion coefficients in the rock. In particular, this included C-14,
Nb-94, Ni-63, Co-60, Cs-137, Sr-90, Am-241 and Pu-240 as identified in the Information Request.
The results are listed in Table 2 below. These results show that even assuming an order-of-magnitude faster
diffusion in all non-anionic species, the peak dose rate remains five or more orders of magnitude below the
criterion of 0.3 mSv/a. There is some change in the peak radionuclides as Po-210 (uranium decay chain) and
Zr-93 become more important with the assumed higher diffusion. Cs-137 and Sr-90 - the radionuclides listed
in the Information Request that are most likely to be affected by surface diffusion (e.g., Gimmi and
Kosakowski, 2011) - are not important dose contributors in any case because of their short half-lives (about
30 years).
Table 2: Effect of Increased Cation Effective Diffusion Coefficient on Peak Dose Rate
Case

Peak dose rate
in PSR (mSv/a)
and peak
radionuclide

Peak dose rate with
10x for cations
(mSv/a) and peak
radionuclide

NE-RS (measured hydraulic head profile, instant
repository resaturation, no gas generation)

4x10-14 (I-129)

4x10-10 (Po-210)

NE-RT2 (conservative hydraulic head profile,
instant resaturation and radionuclide release, no
gas generation, no sorption)

5x10-9 (Po-210)

3x10-6 (Zr-93)

NE-GT5 (conservative hydraulic head profile,
increased gas generation, reduced shaft seal
effectiveness)

5x10-7 (C-14)

6x10-7 (C-14)

References:
Altmann, S., C. Tournassat, F. Goutelard, J-C. Parneix, T. Gimmi and N. Maes. 2012. Applied Geochemistry
27, 463-478.
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Fouillac, C. and A. Criaud. 1984. Carbonate and bicarbonate trace metal complexes: critical reevaluation of
stability constants. Geochemical Journal 18, 297-303.
Gimmi, T. and G. Kosakowski. 2011. How mobile are sorbed cations in clays and clay rocks? Environ.
Science and Technology 45, 1443-1449.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
Israelachvili, J. 1995. Intermolecular and surface forces. Academic Press. New York, New York.
Marcus, Y. 2009. Effect of Ions on the Structure of Water: Structure Making and Breaking. Chem. Rev. 109,
1346-1370.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada.
Ohtaki, H. and T. Radnai. 1993. Structure and Dynamics of Hydrated Ions. Chem. Rev. 93, 1157-1204.
Perrson, I. 2010. Hydrated metal ions in aqueous solution: how regular are their structures? Pure Appl.
Chem. 82(10), 1901-1917.
QUINTESSA. 2011. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. NWMO
DGR-TR-2011-26. Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. NWMO DGR-TR-2011-32.
Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada.
Vilks, P. 2011. Sorption of Selected Radionuclides on Sedimentary Rocks in Saline Conditions – Literature
Review. NWMO TR-2011-12. Toronto, Canada.
Vilks, P., N.H. Miller and K. Felushko. 2011. Sorption Experiments in Brine Solutions with Sedimentary
Rocks and Bentonite. NWMO TR-2011-12. Toronto, Canada.

EIS-02-36

 EIS Guidelines:
Section 13.4
 CNSC
Regulatory
Guide G-320

Information Request:
Perform a parametric analysis for the vertical fault scenario considered in the long term safety assessment.
This parametric analysis should consider the effects of varying distances of the faults from the edge of the
repository, for the two locations (northwest and southeast) currently assumed in the safety assessment.
Context:
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The safety assessment considers the scenario where an undetected fault zones occur in the vicinity of the
repository. Two cases were assessed: one with a fault 500 m to the northwest of the repository, and one with
a fault 100m to the southeast. There is no discussion on the justification for these distances. Due to the
limitations in non-intrusive methods to detect deep faults from the surface, the proponent should perform a
parametric analysis in order to test the robustness of the system and provide increased confidence in the
assessment.
OPG Response:
This question is addressed in three parts:
(a) The basis for confidence that there are no vertical faults close to the repository.
(b) The basis for the modeled vertical fault positions in the Preliminary Safety Report (PSR).
(c) Additional analyses in response to the IR.
(a) Basis for Confidence that There Are No Vertical Faults Close to Repository
Site specific characterization of the Bruce nuclear site strongly suggests that transmissive vertical or subvertical faults or structural discontinuities that would influence DGR performance or safety are unlikely to exist.
Evidence obtained to support this interpretation and methods proposed to validate during DGR construction
are described in detail in the response to IR-EIS-02-37. Several lines of reasoning and evidence that support
the above assessment are repeated here below.








The results from core logging and borehole geophysics within the DGR series boreholes, which
provide evidence of a simple subsurface geometry with highly uniform formation thicknesses and
predictable alignment of lithostratigraphic horizons, indicate a low probability that transmissive
inclined or vertical faults are present in the area surrounding the proposed DGR (INTERA 2011,
Sections 3.11.4 and 3.15.4).
In situ straddle packer hydraulic testing within the DGR-series boreholes estimate rock mass
hydraulic conductivities between 10-15 and 10-10 m/s within the Ordovician sediments that will host and
enclose the DGR. Individual formation hydraulic conductivities are consistent between boreholes,
averaging 10-14 m/s in the Cobourg Formation and overlying Upper Ordovician shales (INTERA 2011,
Sections 4.9 and 4.16.7). Coupled with high (ca. 1-2) vertical hydraulic gradients, these results are
inconsistent with the existence of a transmissive sub-vertical fault in close proximity to the DGR
footprint. (Sykes et al. 2011, Sections 7.2.8, 7.2.9, and 7.2.10).
The observed anomalous over- and under-pressures in the Cambrian and Ordovician sediments,
respectively, are inconsistent with the hydraulic signature of a sub-vertical transmissive structural
geologic feature, suggesting that there is an extremely low probability that such a feature is located in
close proximity to the DGR footprint (Sykes et al. 2011, Section 7.2.1; INTERA 2011, Sections 4.12.2
and 4.12.2.8).
The evidence of low rock mass permeabilities, low matrix porosities, and the presence of only minor
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stratabound dolomite occurrences throughout the Ordovician carbonate succession (INTERA 2011,
Sections 4.3.2, 4.9 and 6.1), is inconsistent with a voluminous hydrothermal alteration zone of
enhanced permeability and increased porosity typical of a hydrothermal dolomite reservoir (AECOM
and ITASCA CANADA 2011, Section 8.6.2), or its attendant fault system, being located in close
proximity to the borehole footprint.
Inclined boreholes DGR-5 and DGR-6 were drilled and cored at specific orientations in order to
investigate possible fault structures including potential hydrothermal dolomitized reservoir-related
features, interpreted from the 2-D seismic reflection survey. Observations made on core recovered
from the targeted intervals are inconsistent with the structural complexity expected to be encountered
across a fault zone, e.g., localized or diffuse shearing, slickensides, cataclasites, fault gouge, or offset
stratigraphy (INTERA 2011, Section 3.11.4).
The analogue study of the shale cap rock above the DGR horizon within the Appalachian and
Michigan Basin provides a reasoned basis for understanding long-term barrier integrity of these upper
Ordovician sediments (Engelder 2011). It is evident from lack of hydrocarbons, maturation related
fracturing, high clay content and the existence of the under-pressure conditions that the shale cap
rocks have likely maintained a structural seal over geologic time periods.

This multi-disciplinary information is inconsistent with the existence of a transmissive vertical structural
geologic feature within the footprint or perimeter (≤ 100 m) of the DGR as defined by the DGR- series
boreholes (i.e., DGR 1-6). Despite such evidence, illustrative ‘what-if’ safety assessment simulations are
described below that estimate possible implications to predicted dose consequences.
(b) Basis for the Modeled Vertical Fault Positions in the PSR
As described in the PSR, and consistent with evidence summarized in (a) above, multiple lines of reasoning
strongly suggest that vertical or sub-vertical features are unlikely to exist in close proximity to the DGR.
However, as a ‘what-if’ scenario, the implications of a transmissive vertical fault on the postclosure safety
assessment were assessed as the Vertical Fault Scenario (PSR, Section 8.7.4). This scenario considered
-6
two cases in which a transmissive (K=10 m/s) vertical geologic structure between the Cambrian and Guelph
formations was positioned 500 m and 100 m from the DGR footprint. The basis for the positioning of these
cases is noted in PSR Section 8.7.4.2, and illustrated in PSR, Figure 8-32. The 500-m case is just outside of
the seismic survey area, while the 100-m case is at the perimeter defined by the DGR-series boreholes.
The analysis results for these two ‘what if’ cases showed such a transmissive feature would have a significant
effect on the local hydraulic head if it connected the permeable Cambrian and Guelph Formations, but the
dose consequences remain very low (PSR, Section 8.7.4.3).
(c) Additional Analyses
In response to the IR, parametric analyses will be undertaken and the results reported separately.
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References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and
Itasca Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR2011-15 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-02-36a
(Supplementary
response
submitted June
28, 2012)

 EIS Guidelines:
Section 13.4
 CNSC
Regulatory
Guide G-320

Information Request:
Perform a parametric analysis for the vertical fault scenario considered in the long term safety assessment.
This parametric analysis should consider the effects of varying distances of the faults from the edge of the
repository, for the two locations (northwest and southeast) currently assumed in the safety assessment.
Context:
The safety assessment considers the scenario where an undetected fault zones occur in the vicinity of the
repository. Two cases were assessed: one with a fault 500 m to the northwest of the repository, and one with
a fault 100m to the southeast. There is no discussion on the justification for these distances. Due to the
limitations in non-intrusive methods to detect deep faults from the surface, the proponent should perform a
parametric analysis in order to test the robustness of the system and provide increased confidence in the
assessment.
This addendum to the response provides results of additional analyses on the effect of assumed fault location
relative to the repository.
1. Previous Vertical Fault Analysis (500 m and 100 m)
Site specific characterization of the Bruce nuclear site strongly suggests that transmissive vertical or subvertical faults or structural discontinuities that would influence the performance or safety of the Deep Geologic
Repository (DGR) are unlikely to exist. Evidence obtained to support this interpretation and methods
proposed to validate during DGR construction are presented in the Preliminary Safety Report (PSR), and
summarized in the response to IR-EIS-02-37. Despite this evidence, two “what if” scenarios are analyzed as
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part of the postclosure safety assessment - a vertical fault at 500 m from the repository at the edge of the well
characterized site area (VF-BC case), and a vertical fault at 100 m from the repository, within the well
characterized area (VF-AL case) (see Figure 1 below).
Consistent with fault occurrence elsewhere in the Michigan Basin, the hypothetical vertical fault was assumed
to extend upwards from the Precambrian into the overlying sediments. Conservatively, the hypothetical fault
was assumed to extend into the permeable Guelph Formation, so that there could be significant groundwater
flow upwards through the fault from the over-pressured permeable Cambrian. The fault was taken to be 1 m
wide, with a hydraulic conductivity of 1x10-8 m/s and porosity of 0.1.
In these cases, some long-lived radionuclides were able to diffuse through the rock and reach the fault, at
which point they moved upward by advection to the Guelph Formation. Here they were dispersed within the
permeable Guelph Formation, with some reaching the shaft and then locally to surface. In the postclosure
safety assessment model, all remaining radionuclides within the Guelph Formation were conservatively
released to a point of near-shore discharge into Lake Huron. Calculated dose consequences from these
hypothetical scenarios were very small - less than 10-9 mSv/a (PSR, Section 8.7.4.3).
Even if the water at the Guelph Formation was used directly for drinking (not possible because of its high
salinity of 375 g/L, 13 times higher than seawater), the dose consequence was estimated at 0.3 mSv/a (PSR,
Section 8.7.4.3).
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Figure 1. Location of Vertical Faults and Other Important Features of the Site
2. Additional Vertical Fault Analyses (50 m and 10 m)
To provide further parametric analysis of the effect of assumed fault distance, two additional hypothetical
cases were analyzed. The 100-m vertical fault case (VF-AL) was modified with the fault moved progressively
closer to within 50-m and to 10-m from the repository (see Figure 1 above). In the latter case, it was also
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assumed that the Excavation Damaged Zone (EDZ) around the repository rooms connected to the fault, so
there was a more permeable link between the repository and fault.
As in the VF-AL case, the model considered the case where the repository was instantly saturated with no
gas generation. This maximizes release of radionuclides and their transport to the hypothetical fault through
groundwater, which is the dominant pathway for release when there is sufficient host rock between repository
and fault. At close distances of around 10 m or less, the interaction between the hypothetical fault and the
repository will affect gas generation and transport, and the instant resaturation with no gas generation
assumption may no longer be conservative for radionuclide release. The results presented here are based on
a fully saturated system; two-phase analyses are discussed in the next section.
The results show that the closer the hypothetical fault is, the greater the influence on the hydraulic head
conditions around the repository (see Figure 2 below).
Like the 100 m and 500 m fault cases, some radionuclides would be able to diffuse from the repository
through the EDZ and/or intact rock and reach the hypothetical fault, where they would migrate upward to the
Guelph Formation. In the long-term, the closer the hypothetical fault, the greater the release of radionuclides
to the fault. Using the same model as before, peak dose consequences for a person living on the site in the
future were estimated to be the same as for the 100 m vertical fault case. This is because, although there is
increased release of other radionuclides (notably C-14), the peak dose remains dominated by Zr-93 at about
1.75 million years. A person drinking the water from the Guelph Formation (not possible because of its
salinity) would have a peak dose impact of around 0.3 mSv/a, again due to the peak being dominated by
Zr-93.
3. Vertical Feature through Repository
A hypothetical limiting case, which includes both gas and groundwater transport, can be approximated by the
results in the PSR for the Inadvertent Human Intrusion and Severe Shaft Seal Failure Scenarios. In both
these cases, there is assumed to be a more permeable pathway from repository to surface.
In the Intrusion Scenario, a borehole is drilled from surface down into the repository, and not sealed. The
results of this scenario are described in the PSR (PSR, Section 8.7.1; QUINTESSA and SENES 2011,
Sections 2.4.3 and 2.5.2). Peak dose rates are estimated at about 1 mSv/a due to gas release and waste
debris brought to surface. There would be little contaminant release via groundwater through the borehole as
there would be no pressure gradient driving groundwater flow out from the repository.
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Figure 2. Hydraulic Head Profile in a Vertical Slice through Repository at 1,000,000 years with
Hypothetical Vertical Fault at 50-m from Repository
Significant groundwater flow would require that the borehole be extended through the repository and down to
the Cambrian Formation, and again not sealed. It then would provide a permeable pathway from the
pressurized Cambrian Formation, through the repository, to the surface. The borehole was assumed to be
15 cm diameter, with an effective hydraulic conductivity of 10-4 m/s. In this case, the dose consequences to
someone living on the repository site would be in the range of tens of mSv per year (PSR, Section 8.7.1;
QUINTESSA and SENES 2011, Section 2.5.2.2).
In the Severe Shaft Seal Failure Scenario, the main and vent shaft seals are degraded to 10-9 m/s in the base
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case, or 10-7 m/s in the extra degradation case, across the entire shaft diameter and length (PSR,
Section 8.7.2; QUINTESSA and SENES 2011, Section 3.5). Since the postclosure shafts are 9.15 m and
7.45 m in diameter, the total permeable path area is 109 m2.
The results from the Intrusion Scenario and the Severe Shaft Seal Failure Scenario, therefore, provide some
perspective on the consequences of the most limiting case where a hypothetical permeable pathway connects
the repository to surface. These results show worst-case dose consequences to someone living on the
repository site in the future in the range of mSv to tens of mSv per year. These very unlikely cases remain
within the DGR risk criterion.
Reference:
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other
Disruptive Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report to Nuclear Waste Management
Organization NWMO DGR-TR-2011-27 R000. Toronto, Canada.
(available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-02-37

 EIS Guidelines,
Section 13;
 Section 10.1.1;
 CNSC
Regulatory
Guide G-230

Information Request:
Justify and validate the modelling assumptions used to establish the presence or absence of faults or
structural geological features in the vicinity of the repository footprint in a geoscientific validation plan. Include
a discussion of the methods and their reliability in the response.
Context:
OPG Response:
Geoscientific information gathered during the DGR surface investigations (2006-2010) indicates that the
potential for the DGR to intersect or be in close proximity to a transmissive structural geologic feature(s) that
would compromise safety is very low. This information includes:




The results from core logging and borehole geophysics, which indicate a simple subsurface geometry
with highly uniform formation thicknesses and predictable alignment of lithostratigraphic horizons,
indicate a low probability that inclined or vertical faults are present in the area surrounding the DGR
defined by boreholes DGR-1 to DGR-6 (INTERA 2011, Sections 3.11.4 and 3.15.4).
In situ straddle packer hydraulic testing within the DGR-series boreholes estimate rock mass
hydraulic conductivities between 10-15 and 10-10m/s within the Ordovician sediments that will host and
enclose the DGR. Individual formation hydraulic conductivities are consistent between boreholes,
averaging 10-14 m/s in the Cobourg Formation and overlying Upper Ordovician shales (INTERA 2011,
Sections 4.9 and 4.16.7). Coupled with high (ca. 1-2) vertical hydraulic gradients, these results are
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inconsistent with the existence of a transmissive sub-vertical fault in close proximity to the DGR
footprint. (Sykes et al. 2011, Sections 7.2.8, 7.2.9, and 7.2.10).
The observed anomalous over- and under-pressures in the Cambrian and Ordovician sediments,
respectively, are inconsistent with the hydraulic signature of a sub-vertical transmissive structural
geologic feature, suggesting that there is an extremely low probability that such a feature is located in
close proximity to the DGR footprint (Sykes et al. 2011, Section 7.2.1; INTERA 2011, Sections 4.12.2
and 4.12.2.8).
The evidence of low rock mass permeabilities, low matrix porosities, and the presence of only minor
stratabound dolomite occurrences throughout the Ordovician carbonate succession (INTERA 2011,
Sections 4.3.2, 4.9 and 6.1), is inconsistent with a voluminous hydrothermal alteration zone of
enhanced permeability and increased porosity typical of a hydrothermal dolomite reservoir (AECOM
and ITASCA CANADA, Section 8.6.2), or its attendant fault system, being located in close proximity
to the borehole footprint.
Inclined boreholes DGR-5 and DGR-6 were drilled and cored at specific orientations in order to
investigate possible fault structures, including potential hydrothermal dolomitized reservoir-related
features, interpreted from the 2-D seismic reflection survey. Observations made on core recovered
from the targeted intervals are inconsistent with the structural complexity expected to be encountered
across a fault zone, e.g., localized or diffuse shearing, slickensides, cataclasites, fault gouge, or offset
stratigraphy (INTERA 2011, Section 3.11.4).
Microseismic monitoring undertaken by the Geological Survey of Canada is consistent with the
designation of the Bruce nuclear site as being situated in an area of low seismic activity and hazard.
Monitoring results do not reveal seismogenic structures or faults within or proximal to the DGR
footprint (NWMO 2011a, Section 2.2.6.5; Section 8).

The following measures will be undertaken during DGR construction, in accordance with the submitted
Geoscientific Verification Plan (NWMO 2011b), to gather geologic information necessary to validate the
presence or absence of faults or structural geological features, which could influence the safety of the
repository:





During lateral development high resolution digital images and LIDAR profiling (mm accuracy) will be
completed of all excavated openings. This information will be used to document and aid geologic
mapping of the bedrock exposures for the entire DGR footprint (NWMO 2011b, Section 2.2.4.1).
In additional to the above, detailed geologic mapping of lateral walls to validate rock mass
characteristics, stratigraphy, lithology, discontinuities, structure and other rock conditions will be
conducted during each excavation cycle/shift. Geological, geomechanical and any hydrogeological
features will be observed, imaged, measured and recorded. Joint and bedding plane orientation,
spacing and characteristics will be recorded (NWMO 2011b, Section 2.2.4.1).
Suitable specimens of fracture infill materials encountered during geologic mapping will be collected
for characterization including, fluid inclusion thermometry and radiometric age dating.
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A seismic reflection survey will be conducted along the entire length of all emplacement rooms. This
geophysical work is to explore for structural features between room pillars and to identify structural
discontinuities in the underlying Precambrian basement that may signify the occurrence of geologic
structural features within the overlying sedimentary sequence (NWMO 2011b, Section 2.2.4.2).

The reliability of the methods relates to: i) access and mapping of repository horizon Cobourg Formation
exposures; ii) documentation of bedrock exposures; and iii) method resolution or accuracy. The ability to
geologically map the perimeter and internal volumes of the DGR via the excavated openings maximizes
opportunity to identify faults or geologic structural features within the proximity of the DGR footprint of concern
to safety. Detailed digital images and profiling of all excavated openings allows for traceability and
independent assessment of geologic structure. Method resolution with visual mapping; digital profiling (mm
scale) and seismic reflection (metres scale) are considered sufficient to identify structural geologic features
influencing DGR safety. These points, coupled with the aforementioned first 6 bullets, indicate the reliability of
detecting geologic structure significant to DGR safety is considered high.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and
Itasca Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR2011-15 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
NWMOa. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11
R000. Toronto, Canada.
NWMOb. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization Report NWMO
DGR TR-2011-38 R000. Toronto, Canada.
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-02-38

 EIS Guidelines,
Section 13

Information Request:
Provide more information to support the timing of fracturing and mineral infilling in the study area. Identify any
plans for absolute age determinations of fracture minerals.
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The response should also provide information on the following:
1. whether some near-surface brittle fractures may be younger in age (Quaternary);
2. differences in fractures with depth (using borehole information);
3. references to studies which relate surface fracture patterns to fractures encountered at depth.
Context:
Several fracture studies were summarized in the Geosynthesis report and relative chronologies established.
The timing of mineral formation within brittle features that are conduits for fluid flow in the study area could be
established by absolute age dating (e.g. Sandstrom et al. 2009 in Tectonophysics).
Furthermore, hydraulic conductivity is affected by mineral precipitation in fractures.
The composition and temperature of formation of fluid inclusions in vein-forming carbonate minerals could
reduce uncertainty about the timing of fracturing and carbonate mineral precipitation, as would a comparison
of stable isotope signatures in vein minerals and the host rock.
OPG Response:
With respect to the nature and timing of fracturing and fracture infill the following information exists.










The frequency of fractures decreases markedly below the Salina F Unit approximately 225 m below
ground surface (mBGS). Within the Ordovician sediments proposed to host and enclose the DGR
fracture frequency is typically less than 4/m (INTERA 2011, Section 3.6, Figure 3.4 and Table 3.4).
The Ordovician shale and carbonate formations have a rock mass designation of excellent with mean
RQD values of 97% or greater INTERA 2011, Section 3.6, Figure 3.4 and Table 3.4. The spacing of
vertical/subvertical joints at the DGR level is most likely greater than 10 m (NWMO 2011,
Section 3.2.1.2).
Fracture characterization for the Paleozoic formations, including information on fracture orientations,
is described in detail in the DGSM (INTERA 2011, Section 3.12.2).
Thermal maturation beneath the Bruce nuclear site was insufficient to generate the volume of gas
necessary to drive natural hydraulic fractures indicating that the integrity of the shale sequence to act
as a seal has been maintained (Engelder 2011, Section 4.8.2). Coupled with the observed
anomalous under-pressures in the Ordovician sediments, this interpretation is consistent with the very
low likelihood that transmissive fractures extend upwards through the Ordovician shale cap rock.
Halite, gypsum and anhydrite are the primary vein-filling material through the Upper Ordovician shale
interval to the base of the Cobourg Formation (INTERA 2011, Sections 3.10 and 3.12.2). The
fracture infilling or sealing is reflected in the consistent low hydraulic conductivities estimated in these
sediments during in-situ straddle packer testing (INTERA 2011, Section 4.9).
A systematic set of NNW-trending fractures, and an associated conjugate NNE-trending set, exposed
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on the Lake Huron shoreline are interpreted to have formed under conditions of elevated pore fluid
pressure during middle Devonian (ancient) basin-forming processes (Cruden 2011, Section 3.5).
Non-systematic fracture sets were not investigated in detail and it is possible that some of these nearsurface brittle fractures (evidenced by the fracture frequency plot; INTERA 2011, Figure 3.4) may be
young (Quaternary) in age. However, the very low rock mass hydraulic conductivities and high total
dissolved solids concentrations (INTERA 2011, Section 4.6.5) suggest an absence of modern
karstification in the Ordovician carbonates (WORTHINGTON 2011, Section 4.3). These results are
inconsistent with Quaternary-aged transmissive fractures extending into the deep Ordovician
formations.

The NWMO has two avenues of ongoing research applicable to the timing of fracturing and mineral infilling in
the study area:




A suite of 15 calcite-filled veins from DGR core samples were examined during a preliminary fluid
inclusion analysis undertaken at the University of Toronto. The analysis yielded numerous primary
and secondary inclusions exhibiting a wide range of high temperatures (ca. 80 to > 300°C) indicative
of a hydrothermal fluid system. The tectonic conditions required for this type of system have not
existed in southern Ontario since at least two hundred million years ago. These preliminary fluid
inclusion analysis results are currently being verified at the University of Bern, Switzerland.
A project has been initiated with the Jack Satterly Geochronology Lab at the University of Toronto to
use U-Pb techniques to determine reliable absolute age determinations of vein calcite from the
Ordovician carbonate and shale formations, as well as, near surface Devonian carbonates.
Preliminary results suggest that the veins in the Ordovician formations are Paleozoic in age while
those in the Devonian carbonates have signatures indicating a mixing of ancient and potentially
younger fluids. This work is on-going.

References:
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization Report NWMO
DGR-TR-2011-43 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11
R000. Toronto, Canada.
WORTHINGTON. 2011. Karst Assessment. Worthington Groundwater report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-22 R000. Toronto, Canada.
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EIS-02-39

 EIS Guidelines,
Section 13

Information Request:
Assess the potential for stratabound, carbonate-hosted mineralization, both regionally and locally.
Context:
Section 2.2.8.3 of the Geosynthesis Report discusses bedrock resources. No information or discussion is
provided on the risk of inadvertent intrusion in terms of the regional metallogenic potential of the carbonate
rock in the area. An example of this is the Mississippi Valley type of mineralization and how this may apply to
the site.
A preliminary search of NRCan’s publically available geoscience databases document shows occurrences of
Zn, Pb, Cu, Ti, V, Ag, U in the region. Their prospectivity in the Regional Study Area has not been defined.
The EIS does not evaluate potential, merely notes that no commercial deposits have been found in the
vicinity.
OPG Response:
With respect to the potential for stratabound, carbonate-hosted Mississippi Valley Type (MVT) mineralization
located locally beneath the Bruce nuclear site the following information exists.




MVT deposits are associated with extensive hydrothermal dolomitization (Paradis et al. 2007). As
discussed in OPG response to IR-EIS-02-37, the evidence of low rock mass permeabilities, low
matrix porosities, and the presence of only thin (< 1 m) stratabound dolomite occurrences throughout
the Ordovician carbonate succession (INTERA 2011, Sections 4.3.2, 4.9 and 6.1), is inconsistent with
a voluminous hydrothermal alteration zone of enhanced permeability and increased porosity typical of
a hydrothermal dolomite system.
Trace concentrations only (ppm only and < 2% by weight) of MVT- associated minerals are found in
the DGR cores (INTERA 2011, Section 3.8.2.1). Minor gangue sphalerite (Lucas and Georgian Bay
Formations) and marcasite (Kirkfield Formation and Cambrian) comprise the only observed
occurrences and they are not associated with any commercially exploitable base metal accumulation
(INTERA 2011, Table 3.13). Galena was not observed during core logging activities or during
laboratory analyses.

With respect to the potential for stratabound, carbonate-hosted MVT mineralization at the regional scale the
following information exists (see also AECOM and ITASCA CANADA 2011, Section 7.3).


The Ordovician carbonates in southwestern Ontario contain minor (<1%) quantities of late-stage
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diagenetic minerals, including anhydrite, gypsum, pyrite, authigenic quartz and feldspar, fluorite,
barite and celestite, which resemble the various gangue minerals, which characterize MVT deposits
(Middleton et al. 1993).
MVT lead-zinc sulphide mineralization has been documented in Middle Silurian dolomites in southern
Ontario (Farquhar et al. 1987), however, the observed occurrences have been determined to be
‘non-economic MVT mineralization’.
Armstrong and Carter’s (2010) volume on the subsurface stratigraphy of southern Ontario, which is
the encyclopedia for the sedimentary formations in southern Ontario, does not mention sulphide
mineralization, or its potential, when describing the two key formations (Guelph and Amabel) known
to host MVT showings in the Bruce Peninsula.
A report by Guillet (1967) provides further insight into the prospectivity of the Zn showings on the
Bruce Peninsula. [From p. 5 of Guillet (1967), “Although it is doubtful if this particular showing would
make ore it will undoubtedly arouse great interest and curiosity among geologists and mineralogists.”]

References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and
Itasca Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR2011-15 R000. Toronto, Canada.
Armstrong, D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario. Ontario
Geological Survey, Special Volume 7.
Farquhar, R.M., S.J. Haynes, M.A. Mostaghel, A.G. Tworo, R.W. MacQueen and I.R. Fletcher. 1987. Lead
isotope ratios in Niagara Escarpment rocks and galena: implications for primary and secondary sulphide
deposition. Canadian Journal of Earth Sciences 24, 1625-1633.
Guillet, G.R. 1967. Notes on Zinc-Lead mineralization in Silurian Dolostone of the Niagara Escarpment and
Bruce Peninsula, Ontario. Ontario, Department of Mines Miscellaneous Paper, MP 8.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada.
Middleton K., M. Coniglio, R. Sherlock and S.K. Frape. 1993. Dolomitization of Middle Ordovician carbonate
reservoirs, southwestern Ontario. Bulletin of Canadian Petroleum Geology 41, 150-163.
Paradis, S., Hannigan, P. and K. Dewing. 2007. Mississippi-Valley-Type Lead-Zinc Deposits. In Goodfellow,
W.D., ed., Mineral Deposits of Canada: A synthesis of Major Deposit-Types, District Metallogeny, the
Evolution of Geological Provinces, and Exploration Methods: Geological Association of Canada, Mineral
Deposits Division, Special Publication No. 5, 185-203.
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Information Request:
Provide further information on the location, salient features, evaluation criteria used, and a summary
presentation of the comparison and selection process for alternative locations considered for the DGR.
Context:
The EIS Guidelines directs the proponent to consider the siting of the DGR in a location outside the existing
site as an alternative mean. A brief reference is made to this matter in Table 3.4.2-1 and in Section 3.2.5 “…the possibility of pursuing a Greenfield site at a location other than Kincardine was considered.” No
supporting information is provided as to what off-site locations were considered and to what extent.
OPG Response:
The Environmental Impact Statement (EIS) Guidelines, Section 7.3, Alternative Means of Carrying out the
Project, state that:
The EIS must identify and describe the alternative means to carry out the project that are, from the
perspective of the proponent, technically and economically feasible. The EIS must also describe the
environmental effects of each alternative means. In describing the preferred means, the EIS should
identify the relative consideration of environmental effects, and technical and economic feasibility.
The criteria used to identify alternative means as unacceptable, and how these criteria were applied,
must be described, as must the criteria used to examine the environmental effects of each remaining
alternative means to identify a preferred alternative.
To the extent that these alternative means are feasible for the proponent, this may include, but are
not limited to, the following:
•
•
•
•
•
•
•
•

Alternatives to “natural” containment (i.e., engineered barrier);
Alternative storage systems;
Timing options for various components and phases of the project;
Construction methods;
Layout and design of the DGR;
Siting of the DGR in a different location within the existing site;
Siting of the DGR in a location outside the existing site; and
Reduction at source.

Section 3.4 of the EIS documents Alternative Means of Carrying Out the Project. In particular, Section 3.4.2
discusses the Choice of Site for the Deep Geologic Repository (DGR), including both on and off the Bruce
nuclear site.
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The Memorandum of Understanding signed with the Municipality of Kincardine in 2002 intended that longterm management options for OPG’s L&ILW be studied for implementation at the Bruce nuclear site, hence,
the technical and socio-economic studies documented in the Independent Assessment Study (GOLDER
2004) considered only alternatives on the Bruce nuclear site.
Subsequent to this study, and as stated in Section 3.2.5 of the EIS “…the possibility of pursuing a Greenfield
site at a location other than Kincardine was considered”. This was not intended to imply that one or more
specific greenfield sites were identified and assessed. Rather it refers to the approach that was taken to the
assessment of alternative sites. This is described in the EIS; that is, looking conceptually at the alternative of
locating the DGR Project on the Bruce nuclear site versus seeking a greenfield site off the Bruce nuclear site.
Siting Alternatives On versus Off the Bruce Nuclear Site
The assessment of on-site versus off-site locations considered the cost, worker health, public health and
safety, technical feasibility, and effects on the environment including social and economic effects, as listed in
Table 3.4.2-1. The result of this assessment is that the preferred means is to locate the DGR on the Bruce
nuclear site. The factors that contributed to identifying the Bruce nuclear site as the preferred alternative are
presented below.


The Municipality of Kincardine approached OPG in 2002 expressing an interest in developing a longterm solution for L&ILW which was suitable to both parties (EIS, Section 3.2.2). A geologic feasibility
study (GOLDER 2003) indicated that, based on public domain site specific information and projected
geological, hydrogeological and geotechnical/ geomechanical data from other sites in Southern
Ontario, and a review of precedent experience with underground openings in Southern Ontario, the
covered above-grade concrete vault and deep rock cavern vault (currently referred to as DGR) are
geotechnically feasible at the Bruce nuclear site.



An Independent Assessment Study (GOLDER 2004) indicated that several alternate technologies,
including the DGR, were technically feasible at the Bruce nuclear site and were not likely to have
significant adverse social, economic, safety or environmental effects (GOLDER 2004).



Information compiled by Mazurek (2004) indicates that favourable geological and hydrogeological
conditions likely exist at the Bruce nuclear site, relevant to demonstrating the safety of the DGR as
follows:
 The deep horizontally-layered shale and argillaceous limestone sedimentary sequence that
will overlie and host the DGR is geologically stable, geometrically simple and predictable,
relatively undeformed and of large lateral extent;
 Active faulting and seismicity at and near the site are very limited;
 The deep argillaceous formations that will host the DGR will provide stable and dry openings;
 The regional stress regime (horizontally compressive) is favourable with respect to sealing of
any vertical fractures and faults;
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The deep shale and argillaceous limestones are thick and of very low; permeability, providing
a 200 m thick bedrock horizon for the waste management facility, and an additional 200 m
thick barrier to upward migration from the facility;
The deep groundwater system in the shales and limestones is saline, stagnant, stable and
ancient, not showing evidence of either glacial perturbations or cross formational flow or
mixing; and
The shallow water supply aquifer in the upper carbonate bedrock is hydrogeologically
isolated and protected from the sluggish deep saline groundwater system.



The Municipality of Kincardine, based on the results of the Independent Assessment Study, preferred
a DGR. The Municipality developed and signed a Hosting Agreement with OPG for a long-term
waste management facility for L&ILW. The Municipality of Kincardine, the municipal host for the
Project, intended the long-term management plan to be implemented on the Bruce nuclear site.



Kincardine Municipal Council undertook a community poll, the results of which showed that a majority
of residents support a long-term L&ILW facility at the Bruce nuclear site (EIS, Sections 3.2.6 and
3.2.7). The degree of community support for an off-site location is unknown.



Much of the waste to be placed in the DGR is already at the Bruce nuclear site. A site off the Bruce
nuclear site would result in the need to transport the waste from the Bruce nuclear site to an off-site
location which would result in increased local truck traffic;



It is likely that an off-site location would be more costly as a result of a lengthy site selection process
and the need to transport the L&ILW.



Technical feasibility is likely to be the same for either.



Environmental effects may be greater for an off-site location if the off-site location was greenfield
versus brownfield for the Bruce nuclear site.



The DGR Project is compatible with facilities at the Bruce nuclear site; compatibility with land uses at
another site is not known.



Worker health and safety is the same for either.



The facility could be constructed and operated safely on either on-site or off-site locations.

Based on the results of this assessment, and because the Municipality of Kincardine had approached OPG to
initiate the study of the WWMF as a long-term L&ILW waste management facility and is therefore a willing
host, OPG did not actively solicit other potential host communities or undertake geoscientific studies at other
sites. The feasibility studies for the Independent Assessment Study (GOLDER 2004) were a very public
process and during this process, no other municipalities approached OPG seeking to be considered as a
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potential host for a long-term L&ILW facility. Canadian and international experience at the time also showed
that existing nuclear communities are more receptive to hosting waste management facilities. Recent
experience shows that without a willing host municipality the siting of a deep geologic repository for nuclear
waste is not feasible.
Subsequent Geoscientific Site Characterization studies conducted at the Bruce nuclear site from 2006 to
2009 (INTERA 2011) verified that the characteristics described by Mazurek (2004) are in evidence at the
Bruce nuclear site and that the site is very well suited to isolate and contain the waste and provide long-term
protection for health, safety and the environment.
Siting Alternatives On the Bruce Nuclear Site
Three general areas within the Bruce nuclear site were assessed as possible locations for the proposed DGR.
The sites, which include the area adjacent to the Western Waste Management Facility, the former Heavy
Water Plant lands, and the southern portion of the Bruce Nuclear site, as shown in the attached Figure 1
(provided at the end of the responses to EIS IRs), are located on OPG-retained lands. The majority of the
Bruce nuclear site is leased to, and under the control of, Bruce Power. Lands under the control of Bruce
Power were not considered as there were several viable sites on OPG-retained lands. The results of this
assessment are provided in Table 3.4.2-2 in the EIS.
References:
GOLDER. 2003. LLW Geotechnical Feasibility Study Western Waste Management Facility Bruce Site,
Tiverton, Ontario. Golder Associates Ltd. document prepared for Ontario Power Generation. Mississauga,
Canada.
GOLDER. 2004. Final Report on Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report to
Steering Committee Municipality of Kincardine and Ontario Power Generation. Mississauga, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24. Toronto, Canada.
Mazurek, M. 2004. Long-term Used Nuclear Fuel Waste Management – Geoscientific Review of the
Sedimentary Sequence in Southern Ontario. Institute of Geological Sciences, University of Bern Technical
Report TR 04-01. Bern, Switzerland.
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FIGURE ASSOCIATED WITH RESPONSE TO EIS IR

Figure 1 (associated with IR-EIS-02-40). Siting Alternatives within the Bruce Nuclear Site
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Information Request:
Confirm that the Jiibegmegoong burial site ceremony and monitoring protocol between the Saugeen Ojibway
Nation (SON) and Ontario Hydro/OPG has been finalized. Provide a description of the measures in the
protocol designed to mitigate potential effects to Aboriginal use and rights that may result from the DGR
Project.
Context:
Given that ‘traditional use of lands and resources’ is identified as a VEC, the status of the Jiibegmegoong
burial site ceremony and monitoring protocol is an important consideration in determining the potential impact
on traditional Aboriginal use and rights associated with this site.
OPG Response:
The Jiibegmegoong burial site ceremony and monitoring arrangements protocol was prepared in 1998 to
facilitate planning for access and events at the Jiibegmegoong site. As such it does not address mitigation
measures for potential effects to Aboriginal use and rights that may result from the DGR Project. The DGR
planned mitigation measures, such as watering of roadways to reduce dust and maintaining equipment to
reduce noise emissions, will contribute to reducing the identified potential effect of diminished quality of
activities at the Jiibegmegoong Spirit Place. Mitigation measures to reduce the visual effect of the DGR
Project include a setback or buffer of 200 m from the Interconnecting Road to the long-term waste rock
management area and other visual screening (e.g., berm and/or trees).
In 1997, Saugeen Ojibway Nation (SON) expressed concern, at the hearing for the Bruce Used Fuel Dry
Storage Facility (BUFDSF), about the thoroughness of the preliminary archaeological study completed in
support of the environmental assessment for that project. Ontario Hydro senior management met with
leaders of First Nations and reached agreement that Ontario Hydro technical staff would work with
representatives of First Nations to jointly plan and undertake a more detailed and mutually acceptable
archaeological cooperative assessment process and to jointly develop a method for monitoring any
archaeological effects during BUFDSF site preparation and facility construction.
In July 1997, Ontario Hydro facilitated SON access to the Jiibegmegoong burial site for a ceremony. Ontario
Hydro participated in the ceremony. On May 19, 1998, Ontario Hydro and SON met to discuss a process for
managing issues, and again visited the burial site. The draft burial site ceremony and monitoring
arrangements protocol between the SON and Ontario Hydro/Ontario Power Generation (OPG) was also
discussed at that meeting. On October 14, 1998, SON and Ontario Hydro jointly participated in the
Jiibegmegoong reburial ceremony at the site.
In their submission to the Canadian Environmental Assessment Agency on the Comprehensive Study for the
BUFDSF, SON acknowledged these joint activities (Chippewas of Nawash, November 1998).
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Although there is no record of the draft burial site ceremony and monitoring arrangements protocol having
been finalized, the draft arrangements protocol has been used in facilitating SON visits to the burial site,
including a December 1999 visit by the Nawash Burial Committee members, a July 2001 visit to update the
signs at the Burial Site to read “Jiibegmegoong Spirit Place”, and an August 2001 visit by Nawash Councillors.
Reference:
Chippewas of Nawash. 1998. Chippewas of Nawash First Nation Comments on Ontario Hydro's
''Comprehensive'' Study of the Proposed Bruce Used Nuclear Fuel Dry Storage Facility. Consultants Andrew
Orkin and Gordon Edwards. Submitted to CEAA November 1998.

EIS-02-43

 EIS Guidelines,
Section 2.2:
Public
Participation
and Public
Consultation

Information Request:
Confirm that the Métis Nation of Ontario (MNO) Participation Agreement has been finalized and implemented.
Provide a description of MNO’s planned participation in the review.
Context:
The EIS was submitted over a year ago, and it is important to have updated information on file regarding the
status of the protocols listed in the report.
OPG Response:
The Participation Agreement between the Métis Nation of Ontario, Ontario Power Generation (OPG) and the
Nuclear Waste Management Organization (NWMO), who provides support to OPG for implementing the
participation agreement, was signed on May 17, 2011. The Participation Agreement includes a provision that
the terms of the Agreement shall remain confidential. The clause makes provision for providing a copy of the
Agreement to the regulator in connection with the regulatory process. Therefore, a copy of the Participation
Agreement can be provided to the Joint Review Panel in confidence but a detailed description of the MNO’s
planned participation in the review is not provided in this response.
The intent of the Agreement is to assist the Métis Nation of Ontario in accessing capacity to participate in the
environmental assessment process for the DGR Project, including engaging the MNO and the three
Community Councils (Great Lakes, Georgian Bay and Moon River Métis Councils) in the Georgian Bay
harvesting area.
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LPSC-02-48

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request and Response

Information Request:
Provide information describing how OPG, through its NWMO oversight activities and assessment program,
intends to assess Human Performance program aspects of DGR project activities in order to ensure
consistency with OPG’s existing corporate program. Include a list of the elements of the human performance
program to be addressed and the expected frequency of the assessment.
Context:
OPG project management system identifies the application of CSA N286-05 and OPG policies, values and
objectives to the DGR project. Section 1.5.2 of also states that “all DGR project personnel (OPG and NWMO)
will demonstrate a commitment to safety culture through adherence to the requirements of the management
system and by demonstrating the behaviours that contribute to excellence in human performance.”
Human performance is managed through such things as: training; performance expectations; procedure
development and compliance; safe working strategies and practices; verification of work; problem identification
and resolution including experience; control of design and design changes; promotion, assessment, and
maintenance of safety culture. Related aspects that may also be required for the project are not evident in the
documents (shift complement, work hour limits, reduction in human error, safety culture promotion, assessment
and maintenance), while others are not linked in an integrated manner.
CNSC staff is unclear how OPG will ensure the implementation and integration with the NWMO of the
objectives of their Human Performance Program to the DGR project.
OPG Response:
OPG bases its human performance oversight on the principles of N-POL-0001 (Nuclear Safety Policy) and NPROG-AS-0002 (Human Performance Program).
OPG will specifically focus on NWMO making use of the following human performance elements:
 Implementation of assessment and corrective action programs,
 Development of governance and procedural compliance,
 Implementation of training program - training and qualification requirements,
 Promotion, assessment and maintenance of a strong nuclear safety culture and safe working practices,
 Control of design and design changes,
 Use of OPEX,
 Performance expectations and management,
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Verification of work.

The above human performance elements are already included in OPG’s planned assessments, reviews and
spot checks of all NWMO project activities and submittals to OPG.
These oversight activities will ensure excellence in human performance which is the basis for positive Safety
Culture. Please see response for IR-LPSC-02-50 on Safety Culture for additional details.
The NWMO manages human performance through a combination of factors starting with the design and
implementation of a management system that is based on recognized management system standards (e.g.,
CSA N286-05, ISO 9001, ISO 14001 and CSA Z1000). Included within the management system are
requirements which directly impact human performance. For example; qualification and training, objectives
setting, assignment of accountabilities, work planning, procedure development and implementation, work
progress monitoring, change management, assessment and audit, use of experience and management review.
NWMO human performance is assessed in a number of ways including ongoing monitoring of progress against
objectives, monitoring of work processes, direct observation and coaching of individuals, performance reviews,
checking and verification of deliverables, third party reviews and verifications, comparisons with external
experience, problem identification, preventative action, comprehensive auditing and regular management
review.
NWMO manages human performance of their contractors in a similar manner. Expectations for performance
are described in contracts which require the contractor to have a management system certified to a recognized
standard and have project execution and quality plans. Safety and environment management plans and
supporting procedures are also prepared when required (e.g., field work). Expectations are further
communicated and reinforced during the kickoff or pre-job orientation meeting and through ongoing monitoring
and feedback provided by the NWMO contract manager. Performance is also assessed through contractor
reporting, meetings to review work progress, NWMO checking and verification of deliverables and audits to
confirm contractor adherence to their management system requirements and the contractual requirements.
Aspects such as shift complement, work hours, reduction of human errors, safety culture promotion,
assessment and maintenance would be covered in this manner. Any deficiencies or nonconformance with
requirements are identified and communicated and followed-up to ensure they are corrected and prevented
from recurring. A final systematic evaluation is also completed at the end of the contract and recorded.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05 (R2011).
CSA. 2006. Occupational Health and Safety Management, CAN/CSA-Z1000-06 (R2011).
ISO 9001. 2008. Quality Management Systems – Requirements, ISO 9001:2008.
ISO 14001. 2004. Environmental Management Systems -- Requirements with Guidance for Use,
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ISO 14001:2004.
OPG Nuclear Safety Policy, N-POL-0001.
OPG Program Document. Human Performance, N-PROG-AS-0002.
LPSC-02-49

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Clarify how OPG will ensure the NWMO’s procedures and processes comply with the corresponding applicable
OPG requirements.
Context:
The PSR in section 11.3 states that “DGR work is verified via verification processes and procedures.
Furthermore for work conducted by contractors, project quality plans are approved and include appropriate
verification procedures for deliverables including verification process documentation.” In section 1.8.1 of 00216CHAR-001, OPG documents W-PROC-EN-001 and W-PROC-WM-0047 are identified as setting out
requirements for the NWMO.
As the requirements in these documents will also apply to sub-contractors, via the NWMO’s procedures, CNSC
staff is uncertain how OPG will ensure that OPG’s requirements have been appropriately incorporated into the
requirements in similar NWMO procedures.
OPG Response:
OPG requires the NWMO to have its management system for the L&ILW DGR to be compliant with applicable
elements of CSA N286-05.
OPG has audited and accepted the NWMO management system as meeting the applicable elements of CSA
N286-05, and therefore appropriate for the work OPG has agreed that NWMO are to perform. Based on the
implementation of the CSA N286-05 compliant NWMO management system, the products NWMO produce are
acceptable to OPG. Changes to the NWMO management system will be reviewed to ensure that this initial
determination remains unchanged, consistent with the contracted services management processes referenced
in the OPG management system.
OPG’s procedures W-PROC-EN-0001 (Design Management), and W-PROC-WM-0047 (Conduct of Safety
Assessment and Licensing), referenced in the IR-LPSC-02-49 Context, are both compliant with the
requirements of CSA N286-05.
OPG’s oversight activities with regards to design and safety analysis will provide assurance that the NWMO
design and safety analysis processes are consistent with the requirements set out in W-PROC-EN-0001 and
W-PROC-WM-0047 to ensure that NWMO deliverables are safe, reliable, robust, and meet codes and
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standards, regulatory requirements and OPG’s requirements.
Confirmation that NWMO applied their processes is achieved through oversight by OPG that checks that the
deliverables were the result of the application of NWMO’s design and safety analysis management systems
and that the work is performed by qualified personnel using acceptable tools and standards.
OPG’s oversight includes but is not limited to, attendance at project meetings, audit of NWMO processes,
review of audits conducted by NWMO on its suppliers, review and acceptance of Project Quality Plan (PQP),
Environment Health & Safety (EH&S) Plan, Project Requirements, review of all regulatory submission
documents, participation in design review meetings, field surveillance and witnessing, review and acceptance of
relevant deliverables from NWMO.
NWMO work is conducted under its Project Quality Plan, which has been reviewed and accepted by OPG and
has been submitted to the CNSC. NWMO governance requires its contractors to submit a Project Quality Plan
(PQP) for approval by NWMO prior to starting work. For engineering services, NWMO Design Management
governance (NWMO-PROC-EN-0001) also requires the contractors to submit an Engineering Management
Plan (EMP) for acceptance by NWMO and authorization by the NWMO Design Authority. The contractor’s PQP
and EMP also apply to their sub-contractors. NWMO audits contractors based on their PQP and EMP. This
ensures that OPG requirements flow through to the NWMO contractors and sub-contractors.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05 (R2011).
OPG Procedure. Design Management, OPG W-PROC-EN-0001.
OPG Procedure. Conduct of Safety Assessment and Licensing, OPG W-PROC-WM-0047.
LPSC-02-50

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Provide information indicating the OPG program documentation that will be used as part of OPG oversight
activities to assess and verify the promotion, assessment and maintenance of safety culture for DGR project
activities. Identify and describe the sections of the documentation that apply to the DGR project and will be
used for oversight activities. List the elements of safety culture that will be assessed and the expected
frequency of the assessment.
Context:
OPG’s charter identifies the application of CSA N286-05 and OPG policies, values and objectives to the DGR
project. Section 1.5.2 of the charter states “All DGR Project personnel (OPG and NWMO) will demonstrate a
commitment to safety culture through adherence to the requirements of the management system and by
demonstrating behaviours that contribute to excellence in human performance.”
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CNSC staff is uncertain how OPG will be conducting oversight activities related to safety culture.
OPG Response:
Consistent with OPG’s nuclear safety policy principles, OPG expects a culture where safety is the paramount
consideration in all decisions and actions.
OPG will be focusing on the following elements that demonstrate a strong safety culture at the NWMO:
1. Personal responsibility for safety – responsibility and authority for safety are well defined and
understood. This is accomplished by the NWMO preparing their own policies and procedures to ensure
health and safety performance is consistent with a “zero harm” culture and through review of NWMO’s
Health, Safety and Environmental Management Plans. Also, the NWMO is required to achieve certification
to CSA Z1000, Occupational Health and Safety Management. Any updates to NWMO’s safety policies and
procedures will be reviewed by OPG.
2. Leaders demonstrate commitment to safety – line management is leading advocates of safety and
demonstrates their commitment both in word and action. Performed on an on-going basis such as routine
observations during project meetings. For example, OPG observes that the NWMO’s bi-weekly Project
Review meetings, which include the NWMO’s VPs and Project Leads, start with safety statistics, a safety
moment and related OPEX. This sends a powerful message and reinforces a culture dedicated to safety.
In addition, the NWMO is required to form a joint health and safety committee to ensure employees safety
perspectives are understood and resolved.
3. Trust permeates the organization – trust is fostered, in part, through timely and accurate communication.
Performed on an on-going basis such as routine observations during project meetings. OPG has observed
at project and design review meetings that people are treated with respect and differing opinions are
encouraged and respected.
4. Decision making reflects safety first – personnel are systematic and rigorous in making decisions that
support safe, reliable facility operation. Performed on an on-going basis such as routine observations
during meetings or part of field visits. For example, OPG participates in Design and Operational reviews to
ensure safety is incorporated into the design and operation of the facility.
5. Technology is recognized as unique – the characteristics of technology are taken into account in all
decisions and actions. Performed on an on-going basis such as routine observations during design and
operations review meetings or part of field visits. For example, OPG participates in Design and Operational
reviews to ensure the technology being recommended meets OPG’s design, operations and maintenance
requirements.
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6. A questioning attitude is cultivated – individuals challenge assumptions, investigate anomalies and
consider potential adverse consequences of planned actions. Performed on an on-going basis such as
routine questioning during meetings or field visits. For example, OPG’s Contractor Management Process
(CMP) Manual is used to ensure safety hazards and risks are identified and as necessary, control
measures are put into place. The CMP Manual requires a safety hazards evaluation (Worksheet B) and
monthly reporting on safety incident performance (Job Aid V). To ensure field activities are in alignment
with safety expectations, monitoring of site activities and observations of routines by OPG Project staff will
be performed on a monthly basis as a minimum.
7. Organizational Learning is embraced – operating experience is highly valued and the capacity to learn
from experience is well developed. Performed on an on-going basis such as routine observations during
meetings. For example, benchmarking trips to international repositories such as Sweden, Finland and the
USA have been performed. Independent technical experts have been hired by the NWMO to oversee
design aspects and for the examination of core samples drilled at the Site.
8. Safety undergoes constant examination – oversight is used to strengthen safety and improve
performance. OPG requires and the NWMO reports their safety statistics on a weekly and monthly basis.
OPG requests and receives NWMO’s internal audits or assessments for review. In addition, the NWMO
provides a qualified and experienced full time safety representative for the Site at all times there is
construction activity. The safety representative is dedicated to safety matters, including training, prevention
and maintaining safety precautions and programs.
Oversight of NWMO’s safety culture is included in OPG’s planned assessments, reviews and spot checks.
LPSC-02-51

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Provide information describing:


how the NWMO will determine that incident investigations completed by its contactors meet a standard
acceptable to OPG and can meet CNSC requirements; and



how OPG’s oversight activities will ensure such investigations meet OPG requirements.

Context:
Sections 4.1.2.3 and 4.1.3.3 of the NWMO’s Design and Construction Phase Management System identifies
how incidents, deficiency, malfunction and others will be reported and addressed.
CNSC staff is uncertain how the NWMO will determine whether investigations completed by contractors are
completed to a standard acceptable to OPG. Further, CNSCS staff is not clear how OPG will conduct oversight
activities relating to such investigations by their contractors and sub-contractors to ensure they meet OPG’s
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requirements
OPG Response:
OPG, through its Contractor Management Process Manual (FIN-MAN-CM-001), will request and review the
Health and Safety Management System of contractors including the requirements for incident investigation,
analysis and reporting. OPG evaluates incident investigation and reporting requirements for conformance with
the OPG Safety Incident Management Standard (OPG-SFTY-STD-005). OPG has obtained and reviewed the
NWMO’s DGR Project Health and Safety Management Plan and found that the requirements for incident
investigations are acceptable. OPG also has the right to request and review incident reports to confirm that the
reports are of a standard acceptable to OPG.
The NWMO’s Non-conformance and Corrective and Preventative Action Procedure (NWMO-PROC-QA-0001)
which applies to NWMO employees and contractors and is referenced in Sections 4.1.2.3 and 4.1.3.3 of the
NWMO’s Design and Construction Phase Management System (DGR-PD-EN-0001), requires reporting of all
incidents using the NWMO’s Nonconformance and Corrective/ Preventative Action Report. If the incident
results in an injury, an Injury Report is also required. A minimum level of investigation, including obtaining
witness statements and understanding the sequence of events, is required for all incidents in order to complete
the reports, which depending on the significance of the incident, are reported to the responsible NWMO
Director or Vice President and to the NWMO Director Performance Assurance. Management notification and
response is escalated depending on the severity of the incident. Guidance is provided in NWMO-PROC-QA0001 to determine whether an apparent or root cause analysis is required. For High significance events a root
cause analysis is initiated by the Director Performance Assurance and completed by a person who is trained
and experienced in investigation techniques and root cause analysis techniques, such as MORT or TapRoot.
The requirement for NWMO’s contractors to investigate and report all incidents is also a requirement of the
DGR Project Health and Safety Management (DGR-PLAN-08962-1001) and DGR Project Environmental
Management (DGR-PLAN-07002-1001) Plans to which contractors are contractually obligated to adhere. The
DGR Health and Safety Management Plan also establishes in more detail the minimum requirements for
incident or accident investigation and reporting including the right of the NWMO or OPG (as the owner) to
directly investigate more serious incidents. The NWMO assures that incidents are appropriately investigated
and reported through contractor orientation training and the oversight provided by the NWMO DGR Project Site
Manager. The NWMO’s DGR Project Site Manager can directly observe or participate in incident investigations
and receives contractor incident reports and can request additional investigation or analysis if minimum
requirements are not met.
References:
NWMO Procedure. Nonconformance and Corrective and Preventative Action, NWMO-PROC-QA-0001.
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NWMO. DGR Project Environmental Management Plan, DGR-PLAN-07002-1001.
NWMO. DGR Project Health and Safety Management Plan, DGR-PLAN-08962-1001.
OPG Manual. Contractor Management Process Manual, FIN-MAN-CM-001.
OPG Standard. Safety Incident Management Standard, OPG-SFTY-STD-005.
LPSC-02-52

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Clarify which agreements are in place for maintaining records produced by the NWMO and its subcontractors
during the Regulatory Approvals Phase, and are in place for the Design and Construction Phase.
Context:
In section 10.9 of the PSR, document control for the operational phase refers to OPG document management
processes, while in 11.2, Regulatory Approvals Phase, document control is referred the NWMO. In OPG’s
charter document, where the DGR project is identified as the design, procurement and construction of the
project, it states “upon completion of the DGR Project, the related project information from the NWMO will be
turned over to OPG in a form compatible with OPG systems”. OPG and the NWMO have procedures in place to
manage records as per section 1.6 of 00216-CHAR-001 and 4.2.4 of DGR-PD-EN-0001, respectively.
It is not clear what the arrangements are between the NWMO and OPG for the maintenance, including storage,
of the records produced by the NWMO and its subcontractors during both the Regulatory Approvals and the
Design and Construction Phases of the project.
OPG Response:
OPG will maintain all project records created within OPG and all NWMO submittals to OPG in accordance with
the Records and Document Control (N-PROG-AS-0006) for both the Regulatory Approvals and the Design and
Construction phases.
NWMO’s records are managed in compliance with NWMO procedure Records Management (NWMO-PROCAD-0002). DGR project records for the Regulatory Approvals and the Design and Construction phases, are
maintained at the NWMO and are available to transfer to OPG at any time.
The requirement for NWMO’s subcontractors to maintain records is included in the NWMO’s Contract Standard:
Standard Commercial Conditions for Consulting Services (NWMO-STD-FN-0002). In addition to this
requirement, NWMO’s subcontractors are required to prepare quality plans which are compliant with the
NWMO’s DGR Project Quality Plans.
OPG has also approved the NWMO’s Project Quality Plans for the Regulatory Approvals and Design and
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Construction Phases of the DGR Project which describe the expectations for quality assurance documents
including their transfer from NWMO subcontractors into the NWMO records system.
OPG has audited NWMO’s compliance with CSA N286-05, Clause 5.13 “records are maintained” and found
NWMO to be compliant.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05 (R2011).
NWMO Procedure. Records Management, NWMO-PROC-AD-0002.
NWMO Standard. Contract Standard: Standard Commercial Conditions for Consulting Services, NWMO-STDFN-0002.
OPG Procedure. Records and Document Control, OPG N-PROG-AS-0006.
LPSC-02-53

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Clarify the purpose, scope, and the clauses of CSA N286-05, addressed by the following documents, that are
planned for later completion:
o Construction Quality Assurance Plan;
o DGR-PLAN-01916; Field Quality Inspection Manual;
o DGR-MAN-01916; Commissioning Management Plan DGR-PLAN-00920-1001;
o Commissioning Change Control Procedure DGR-PROC-00920-1001;
o Procurement and Contracts Management Plan DGR-PLAN-00800-1001;
o Construction Management Plan DGR-PLAN-00180-1001; and
o Training Management Plan DGR-PLAN-00180-1001.
Context:
Table 8.2 in the NWMO’s Design and Construction Management System identifies some documents that will be
produced later in the Design and Construction Phase of the project. An understanding of the purpose, scope,
and the clauses of CSA N286-05 that such documents are expected to address is important to governance of
the project.
OPG Response:
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OPG understands that the intent of this question was not for OPG to provide clarification of clauses in the CSA
Standard, as this is only properly done by the CSA itself, but to clarify what clauses in CSA N286-05 are
addressed by the listed NWMO governing documents.
The following table clarifies what clauses of CSA N286-05 are addressed by each of the planned NWMO
documents.
NWMO Planned
Document

Purpose and Scope of NWMO
Planned Document

CSA N286-05 Clauses to Be
Addressed in NWMO Planned
Document

Construction Quality
Assurance Plan, DGRPLAN-01916-1001

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.7.5

Annex C: Supplementary requirements
for construction and installation

Field Quality Inspection
Manual, DGR-MAN-019161002

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.7.5

Annex C: Supplementary requirements
for construction and installation, Section
C2, C4, C5 and C6
Annex F: Supplementary requirements
for verification of work

Commissioning
Management Plan, DGRPLAN-00920-1001

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.8.2

6.8 Commissioning
6.9 Turnover
6.10 Completion assurance
Annex D: Supplementary requirements
for commissioning

Commissioning Change
Control Procedure, DGRPROC-00920-1001

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.8.3

5.12 Changes are controlled
6.8 Commissioning
6.9 Turnover
Annex D: Supplementary requirements
for commissioning

Procurement and
Contracts Management
Plan, DGR-PLAN-008001001

This DGR Project specific
document will include
requirements currently included
in NWMO’s procurement

6.4 Purchasing and material
management
Annex B: Supplementary requirements
for purchasing and material
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procedure and also include new
requirements for inspection of
purchased items and materials,
receiving, and storage and
handling.

management, Sections B1 to B5

Construction Management
Plan, DGR-PLAN-001801001

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.7.1

5.5 Work is planned
6.7 Construction and installation
Annex C: Supplementary requirements
for construction and installation

Training Management Plan
DGR-PLAN-08920-1001

As described in the NWMO’s
Design and Construction Phase
Management System, DGR-PDEN-0001, Section 4.2.6.1

5.3 Personnel are competent at the work
they do

Information Request:
Demonstrate that the requirements of CSA N286-05 clauses 5.12, 6.1, and 6.2 are incorporated in the
management system documents of OPG, NWMO and sub-contractors.
Context:
The charter commits the management system to meeting the requirement of CSA N286-05 and Appendix B is
identified as providing the correlation of the CSA N286-05 requirements to OPG’s management system for
oversight of the DGR Project. These documents are therefore expected to demonstrate the identified clause.
W-PROG-EN-001 (Conduct of Engineering) and W-PROC-WM-0047 (Conduct of Safety Assessment and
Licensing) in Appendix B are considered by CNSC staff to be key documents for the Regulatory Approvals and
Design and Construction Phases of the project. It is not evident that these documents ensure compliance with
N286-05 clauses 5.12 (changes are controlled), 6.1 (Design), and 6.2 (Safety Analysis).
OPG Response:
OPG’s Management System, documented in 00216-CHAR-0001, complies with the requirements of CSA N28605, Clauses 5.12, 6.1 including Appendix A, and 6.2. These elements are addressed through the implementing
procedures of W-PROG-EN-0001 (Conduct of Engineering Program), e.g., W-PROC-EN-0001 (Design
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Management Procedure) and W-PROC-EN-0002 (Engineering Change Control).
The management systems for the project reflect the roles and responsibilities of OPG, as the project Owner,
and NWMO, as the Engineer, Procurer and Construction Manager of the project.
CSA Standard N286-05, Management System Requirements for Nuclear Power Plants is the standard that both
OPG and NWMO are using as the basis for their management systems. Clause 5.12 of CSA N286-05
indicates that processes should be in place to ensure changes to accepted designs or other project items are
justified and subject to review. OPG has accepted the NWMO management system as meeting the
requirements of CSA N286-05, and therefore appropriate for the work OPG has agreed that they are to
perform. Based on the implementation of their system, confirmed via audit, the products NWMO produce will
be acceptable to OPG. Changes to the NWMO management system will be reviewed to ensure that this initial
determination remains unchanged, consistent with our contracted services management processes referenced
in the OPG project charter.
Sections 6.1 and 6.2 of CSA Standard N286-05 provide guidance respecting the performance of design and
safety analysis, respectively. For the designs produced by NWMO, or their contractors, the processes they use
must provide a level of quality that makes the design acceptable to OPG. Design products are reviewed by
OPG using W-PROG-EN-0001 (Conduct of Engineering Program). This program and the procedures it
references, provide the steps that OPG will take in accepting designs produced by external parties. OPG’s
procedure W-PROC-EN-0001 (Design Management), referenced in the program, indicates that designs
produced by external parties can be undertaken either under OPG management system, or under the
management system of the contractor provided that contractor’s management system has been accepted by
OPG.
For the environmental assessment and Site Preparation and Construction Licence application, OPG accepted
the preliminary design developed for this purpose. OPG’s acceptance, in accordance with W-PROG-EN-0001,
was based on acceptance of the NWMO management system, complemented by oversight to ensure the
correct NWMO processes were used, that qualified individuals prepared, reviewed and accepted the designs,
and acceptable design standards and design tools were used. It was also understood that changes to the
preliminary design would be managed in a manner consistent with the original acceptance process.
Similarly, OPG accepted the Preliminary Safety Report that was provided as part of the licence application. WPROC-WM-0047 (Conduct of Safety Assessment and Licensing), allows OPG to accept safety analysis
performed by external contractors when they have either used OPG’s management system to perform the
safety analysis, or they have performed the safety analysis using their own procedures provided they are
accepted by the Manager of Safety Assessment & Licensing. Changes to the safety analysis will be accepted
on the same basis. Confirmation that NWMO applied their processes is achieved through oversight by OPG
that checks that the products were the result of the application of their approved systems, performed by
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qualified personnel using acceptable tools and standards.
The NWMO achieves conformance with the requirements of CSA N286-05 Sections 6.1 and 6.2 through
adherence to their internal procedures NWMO-PROC-EN-0001 (Design Management) and NWMO-PROC-EN0002 (Safety Assessment). NWMO contractors who are performing design work have prepared engineering
management plans which are subjected to review and approval by the NWMO Project Manager and NWMO
Design Authority. These contractors also have quality plans which are subjected to review and acceptance by
the NWMO Project Manager and NWMO Director Performance Assurance. Contractor compliance to their
quality and engineering management plans is confirmed by NWMO audits, including the requirement that
changes are controlled in accordance with Clause 5.12 of CSA N286-05.
NWMO contractors who perform Safety Assessment work complete this work in accordance with a safety
assessment plan or project execution plan that contains the safety assessment plan. Safety assessment
contractors also prepare project quality plans. The project quality plans which include quality requirements for
safety assessment are subjected to review and acceptance by the NWMO Director Repository Safety and
NWMO Director Performance Assurance. Contractor compliance to their quality plans is confirmed by NWMO
audits. Audits completed by the NWMO are provided to OPG.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05 (R2011).
NWMO Procedure. Design Management, NWMO-PROC-EN-0001.
NWMO Procedure. Safety Assessment, NWMO-PROC-EN-0002.
OPG Procedure. Design Management, OPG W-PROC-EN-0001.
OPG Procedure. Conduct of Safety Assessment and Licensing, OPG W-PROC-WM-0047.
OPG Program Document. Conduct of Engineering, OPG W-PROG-EN-0001.
LPSC-02-55

Class 1 Nuclear
Facility
Regulations
(C1NFR) 3(d)

Information Request:
Identify the postclosure safety functions and geological barriers that may be impacted by design changes and
construction activities.
Describe the plans and processes that will ensure information is identified and communicated to and between
contractors.
Context:
Project Requirements specify “the repository shall be constructed in such a way as to preserve the postclosure
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safety functions and the geological barriers shown to be important by the DGR safety case” and “… rock
excavation techniques shall be used that minimize the excavation damage zone …”. The Design and
Construction Phase Management System identifies the NWMO as responsible for ensuring an effective
interface exists between the engineering and construction teams, and for ensuring that work is completed in
accordance with plans and that project requirements are achieved.”
As the postclosure safety functions and barriers may be impacted by design changes and construction activities
(the methods used and their implementation) and as the design (e.g. shaft liner, room orientation) may change
based on in-situ measurements taken during excavation, the communication of information between the NWMO
and the contractors involved in design changes, construction, and verification activities (supporting both the
design and safety case) is important.
It is unclear how the NWMO plans to: inform contractors of the importance of specified safety functions and
barriers; ensure related information is distributed to all personnel who may impact those safety functions and
barriers; and ensure that information obtained through measurements, verification activities or the observations
of construction workers is communicated to those requiring it.
OPG Response:
The response is provided in two parts:
(a) Design and geological features or attributes that provide postclosure safety functions, and that may be
impacted by design changes and construction activities.
(b) Plans and processes to ensure information is identified and communicated to and between contractors.
(a) Postclosure Safety Relevant Features
The Preliminary Safety Report (PSR), p.12, defines the postclosure safety functions as: (1) isolation of the
waste away from the biosphere, and (2) long-term containment of the waste. These safety functions are
maintained if the ~200 m of shale above the repository remains largely intact and shafts, and any nearby
boreholes penetrating these shales, are appropriately sealed. Key site and design related safety relevant
features or attributes related to these safety functions are identified in the PSR, p.480. Design relevant aspects
are incorporated into the DGR Project Requirements (DGR-PDR-00120-0001), and into the more detailed
design documents. Specific features that may be impacted by design changes and construction activities are
listed below, along with the relevant clause from the Project Requirements (PR):
Feature

Design/Construction Relevance

DGR is located at 680 m
depth in thick limestone

The DGR will be fully located within the Cobourg Formation, with
appropriate floor and ceiling respect distances to ensure that the
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formation

excavation and future rockfall or floor buckling extents remain within this
formation. (PR 7.2, 7.3, 3.6)

Shafts are placed in an
islanded arrangement
separate from waste panels

Separation of shafts from panels maximizes the integrity of the natural
barrier. Shaft locations have been affirmed through drilling of pilot holes.
(PR 7.3)

Shaft excavation method
(EDZ)

Shafts will be constructed using a controlled drill and blast method that will
be optimized to minimize the amount of damaged zone created during
excavation. (PR 18.5)

Shaft bottom depth

Shaft bottoms will be only as deep as needed for safe construction and
operation of the main and ventilation shafts. A significant thickness of
rock to the Cambrian Formation will be maintained. (PR 7.3)

Shaft station services are
placed near the shafts

The location of service facilities and ramps at the shaft station level will
maintain a significant rock spacing to the nearest emplacement rooms for
long-term mechanical stability. (PR 7.3)

Shaft station dimensions
and excavation method
(EDZ)

The dimensions and excavation method around the shaft stations should
minimize the extent of EDZ in this area, since this area will be sealed on
closure. (PR 7.3, 18.5)

Tunnel and room
dimensions

Tunnel and room dimensions and waste packing efficiency define the free
volume for long-term storage of gas generated by the wastes. Sufficient
free volume is needed to ensure long-term gas pressures will not
compromise the host rock or shaft seal integrity. (PR 7.3, 9.6)

Tunnel and room shape
and alignment

Shape (dimensions) and alignment of rooms and tunnels will be selected
to maintain geomechanical stability. The alignment of emplacement
rooms within the in-situ stress field will be optimized to minimize
overstressing and to promote long-term stability. (PR 7.5)

Room pillar width

The pillar width between rooms will be kept to twice the room width,
including allowance for pillar overbreak, for long-term geomechanical
stability. (PR 5.5, 7.3)

Panel pillar width

The thick pillar between the two main panels will provide mechanical
separation between these features that is important for the DGR long-term
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geomechanical stability. (PR 7.3)
Tunnel and room
excavation

The excavation method for the tunnels and rooms should not compromise
the geological barriers. (PR 18.4)

Waste emplacement rooms
are not backfilled

Rooms are not backfilled, in part to ensure sufficient free volume to
accommodate postclosure gas generation. (PR 7.3, 9.6)

Materials

Construction materials that are used in significant amounts and are
intended to be left in the repository postclosure (e.g., shielding, plugs)
should be durable and should minimize gas generation. (PR 7.3)

Shaft seal

The design of the shaft seals, including the concrete monolith at their
bases, provides long-term structural stability in the shafts as well as a lowpermeability seal. (PR 9.0)

Borehole seals

Site characterization boreholes will be sealed with a durable lowpermeability material such as bentonite when they are no longer needed.
(PR 9.0)

(b) Plans for Communication with Contractors
During the design phase of the project, design changes are managed through the project Design Management
procedure (NWMO-PROC-EN-0001). Design changes that have the potential to impact the safety performance
of the DGR require multi-discipline review and approval before implementing such a change to the reference
design. Approved changes are then communicated to contractors as appropriate for implementation. Multidisciplinary design reviews are also conducted to ensure that the design meets the agreed criteria in the areas
of geoscience, safety assessment, regulatory approval and environmental.
During the construction phase, there will be many interfaces and processes in place to communicate project
requirements with the contractors and to ensure that the requirements are met.
Pre-construction
Scopes of work with supporting project information, applicable requirements and constraints will be provided to
the prospective contractors initially through the contracting stage. Expected conditions, design, rock support,
end-use requirements and quality assurance/control expectations will be provided as part of Request For
Proposals. Contractor proposals will be evaluated on their approach to meet the requirements specified.
Following evaluation and award, the successful contractor will work with the design and construction team to
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further develop their execution and development strategies, processes and procedures. These plans will be
reviewed by the project team and further reviewed with the independent technical review group as required.
Plans will be further assessed against the requirements of the project quality plan, quality inspection and testing
plans and the geoscientific verification plan requirements.
During Construction
During development, the geoscientific verification plan will be executed and the performance of the contractor
monitored. The requirements of the verification plan will be integrated into the contractor’s schedule as routine
mapping and periodic monitoring equipment installations are required. Observations in the field may require
modifications to drill and blast patterns, initial and primary rock support, etc. to best suit conditions. Field
changes would follow established change control protocols and be consistent with the project’s quality plan.
The project managed systems to support construction activities are provided in the Design and Construction
Phase Management System (DGR-PD-EN-0001) document. The project will establish specific quality, field
inspection and verification, change control and communication processes to manage construction activities.
With respect to the response to a), the application and monitoring of approved controlled drill and blast
performance will be most important to support post-closure function of the shafts and underground openings.
The design of these features will be verified in the field with in-situ performance.
Reference:
NWMO Procedure. Design Management, NWMO-PROC-EN-0001.
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OPG Response to the Joint Review Panel EIS Information Request Package 3
IR#

EIS-03-44

EIS Guidelines
Section
 Section 2:
Guiding
Principles
 Section 11.1:
Effects
Prediction
 Section 11.3:
Significance of
Residual Effects

Information Request and Response

Information Request:
Provide a detailed explanation of how each of the criteria and definitions presented in Table 7.1-1 embody the
Guiding Principles for the assessment as described in the EIS Guidelines.
 Describe how the precautionary approach was applied to the development of the effects level definitions;
 Explain how sustainability principles were used to derive the five criteria (magnitude, geographic extent,
timing and duration, frequency, and degree of irreversibility) as well as the effects level definitions;
 Provide an explanation of how the criteria and levels for determining significance include consideration of
traditional knowledge and understanding of significant effects in light of Aboriginal culture and values; and.
 Describe how the three Guiding Principles were incorporated into effects criteria and levels for determining
significance.
Descriptions must be discipline-specific because the rationale will vary. For example, effects level definitions
for air quality may address sustainability principles differently than those used for the aquatic environment.
Identify areas of similarity and differences among the disciplines.
Context:
The criteria and levels for determining effects and significance presented in Table 7.1-1 are fundamental to
the entire assessment. Therefore, the criteria must embody the requirements for the use of the precautionary
approach. The EIS guidelines state the following with respect to the precautionary approach: “The
Precautionary Principle informs the decision-maker to take a cautionary approach, or to err on the side of
caution, especially where there is a large degree of uncertainty or high risk.”
The criteria must also embody sustainability principles as stated in the EIS Guidelines: “A project that is
supportive of sustainable development must strive to integrate the objective of net ecological, economic and
social benefits to society in the planning and decision-making process and must incorporate citizen
participation.”
The criteria must incorporate the use of traditional knowledge. The EIS Guidelines state: “Traditional
knowledge, in combination with other information sources is valuable in achieving a better understanding of
potential impacts of projects. It may also contribute to project siting and design, identification of issues, the
evaluation of potential effects, and their significance, the effectiveness of proposed mitigation, cumulative
impacts, and the consideration of follow-up and monitoring programs.”
Section 11.1 of the EIS Guidelines state: “The consideration of views from the public and Aboriginal groups,
273

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
including any perceived changes attributed to the project, should be recognized and addressed in the
assessment method.”
Section 11.3 of the EIS Guidelines state: “The EIS must clearly explain the method and definitions used to
describe the level of the adverse effect (e.g., low, medium, high) for each of the above categories and how
these levels were combined to produce an overall conclusion on the significance of adverse effects for each
VEC. This method must be transparent and reproducible.”
OPG Response:
Precautionary Approach
As set out in the Guidelines, the assessment was conducted using a precautionary approach that tended to
err on the side of conservatism when there was a potential for uncertainty. The use of the precautionary
approach was most relevant with respect to the predictions of effects associated with the DGR Project. For
example, conservative estimates of the amount of water released during dewatering were used in the
prediction of surface water quality effects. In reality, activities planned during the construction would result in
much lower levels of dewatering being required and therefore much lower effects.
In addition, a precautionary approach was used when selecting effects magnitude levels. Established criteria
were used for assigning magnitude for selected disciplines, such as air quality and surface water quality. The
established criteria were used for defining a “high” magnitude effect, with low and moderate effects being
defined on the basis of fractions of the criteria. However, these criteria are usually developed with a built-in
level of conservatism to ensure the environment is protected. That is to say, exceeding a criterion does not
mean an effect will occur.
The geographic extents used in the assessment are consistent with those set out and defined in the EIS
Guidelines (Section 9.1). The Guidelines define the need for considering a Site Study Area, a Local Study
Area and a Regional Study Area. The definition of the Site Study Area is clearly established as being the
limits of the Bruce nuclear site. In describing the Local Study Area, the EIS Guidelines state that it should
include those areas “…where there is a reasonable potential for direct effects on the environment from any
phase of the project”. In the EIS, the Local Study Areas were established to ensure they were sufficiently
large to address the EIS Guideline requirements, and were made larger than considered necessary if there
was uncertainty as to how far effects might extend.
For the measures of timing and duration, frequency, and degree of irreversibility, there was limited application
of the Precautionary Principle. There is little uncertainty associated with timing and duration of activities. The
Precautionary Principle is applied to reversibility by considering only effects that are immediately reversible as
“low” Individual disciplines were guided by the precautionary approach when assigning effects measures
such as frequency (e.g., conservative approaches were used when determining what would constitute an
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infrequent effect).

Sustainability
In describing the guiding principle of sustainable development to be followed when completing the EIS, the
EIS Guidelines states that particular attention should be given to the effect of the project on biological diversity
and the effect of the project on the capacity of renewable resources. Both biodiversity and the capacity of
renewable resources were addressed in the appropriate sections of the EIS and supporting TSDs.
In completing the assessment, where relevant, sustainability has been used to guide how the effects of the
project were evaluated. For example, the aquatic environment considered the availability and importance of
habitat critical to the sustainability of the VECs when assessing the potential effects of the DGR Project.
Sustainability is core to the description of effects in the case of the “degree of irreversibility” assessment
measure. Only those effects that are readily reversible were given a low rating in significance. Such effects
would have no impact beyond the life of the project, and the environment would return to the existing
conditions. Effects that were reversible with time were classified as medium, as they may have the potential
to affect the environment beyond the life of the project.
Sustainable development does not readily lend itself for incorporation into the measures of magnitude,
geographic extent, timing and duration, and frequency. However, there are cases where sustainability is
inherent in the thresholds used in assigning effects levels. For example, established criteria were used for
assigning magnitude for selected disciplines, such as air quality and surface water quality. These established
criteria were used for defining a “high” magnitude effect, with low and moderate effects being defined on the
basis of fractions of the criteria. However, these criteria are developed to be protective of the environment,
sustaining it for future generations.
Traditional Knowledge and Aboriginal Values
As noted in the EIS Guidelines, Traditional Knowledge has an important contribution to make to the EA
process. Where available, Traditional Knowledge was used to guide aspects of the assessment to ensure
that important Aboriginal values were considered when completing the EIS. For example, the identification
and selection of VECs tried, to the extent possible, to consider ecological components that had been identified
of value or importance by Aboriginal groups on previous assessments in the region. In addition, emphasis
was placed on issues raised by Aboriginal groups on previous assessments to ensure that those issues were
given a prominent and important place in this assessment.
Traditional Knowledge, was used in identifying geographic extent to incorporate or consider areas of
Aboriginal importance. The Aboriginal Interests TSD considered Aboriginal communities that have
expressed an interest in the DGR Project. Additionally, the burial site located within the Bruce nuclear site
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was considered explicitly in the human health assessment.
Guiding Principles
The table attached at the end of the EIS IR responses identifies, by discipline, where the EIS Guiding
Principles were specifically considered in assessing the significance level for each of the effects criteria.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Geology

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Soil and
groundwater
quality
Adverse effects
were identified
when
established
criteria are
exceeded. The
criteria are
established to
be protective of
environment
and include a
level of
conservatism.

Regional Study
Area
Expanded to
correspond to
the 35,000 km²
3D Geological
Framework
domain.
Local Study Area
Focussed on the
areas where
surface waters
may be
potentially
affected, either
directly or
indirectly, by the
DGR Project.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

No residual
adverse effects
were identified for
geology VECs.
The common
definition of
frequency levels
(presented in
Table 7.1-1 of the
EIS) would have
been applied.

No residual
adverse effects
were identified for
geology VECs.
Common
definitions of
irreversibility
levels would have
been used.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

No residual
adverse effects
were identified for
geology VECs.
The common
definitions of
irreversibility
levels would have
been used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Hydrolo
gy and
Surface
Water
Quality

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Surface water
quantity and
flow
Changes that
would be
measurable
using standard
measurement
techniques are
considered
adverse
effects.
Magnitudes
based on
observed
variations for
natural streams
and applied
conservatively
to man-made
ditches.
Surface water
quality
Adverse effects
were identified
when
established
criteria are
exceeded. The
criteria are
established to
be protective of
environment
and include a
level of
conservatism.

Regional Study
Area
Focussed on the
areas potentially
affected, either
directly, indirectly
or cumulatively,
by the DGR
Project so as not
to underestimate
the effects.
Local Study Area
Focussed on the
areas potentially
affected, either
directly or
indirectly, by the
DGR Project so
as not to
underestimate
the effects.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were applied.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Regional Study
Area
Extends north
and south to
include the
respective water
treatment plants
at Southampton
and Kincardine.
Local Study Area
Expanded to
include both of
the watercourses
potentially
affected, either
directly or
indirectly, by the
DGR Project
(i.e., Stream C
and Underwood
Creek).

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Terrestri
al
Environ
ment

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Precautionar
y Approach

Any
measurable
change (i.e., a
change that is
real,
observable, or
detectable
compared to
existing
conditions) is
considered an
adverse effect.

Local Study Area
Expanded to the
north to include
MacGregor Point
Provincial Park
that could be
potentially
affected, either
directly or
indirectly, by the
DGR Project.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were applied.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.

Sustainable
Development

Magnitudes
were assigned
for individual
VECs where
residual
adverse effects
were predicted
(i.e., eastern
white cedar).
Magnitude
levels were
assigned to
ensure that a
sustained
population of
the VEC
remains.

Local Study Area
Expanded to the
north to include
MacGregor Point
Provincial Park
that could be
potentially
affected, either
directly or
indirectly, by the
DGR Project.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Aquatic
Environ
ment

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Any
measurable
change (i.e., a
change that is
real,
observable, or
detectable
compared to
existing
conditions) is
considered an
adverse effect

Regional Study
Area
Focussed on the
areas where
surface waters
may be
potentially
affected, either
directly, indirectly
or cumulatively,
by the DGR
Project.
Local Study Area
Focussed on the
areas where
surface waters
may be
potentially
affected, either
directly or
indirectly, by the
DGR Project.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were applied.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Any loss of
habitat is
considered an
adverse effect,
with the loss of
non-critical
habitat
considered to
be of low
magnitude.
Medium
magnitudes
were assigned
when critical
habitat is lost
but there is
comparable
habitat
elsewhere
within the
watercourse.
For critical
habitat that is
lost but not
available
elsewhere in
the
watercourse,
high
magnitudes
were assigned.

Regional Study
Area
Focussed on the
areas where
surface waters
may be
potentially
affected, either
directly, indirectly
or cumulatively,
by the DGR
Project.
Local Study Area
Focussed on the
areas where
surface waters
may be
potentially
affected, either
directly or
indirectly, by the
DGR Project.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Radiatio
n and
Radioac
tivity

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Adverse effects
were identified
when
established
criteria are
exceeded. The
criteria are
established to
be protective of
environment
and include a
level of
conservatism.

Generic study
areas were
considered to be
of sufficient size
to effectively
capture and
describe
possible effects.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

No residual
adverse effects
were identified for
radiation and
radioactivity
VECs. The
common definition
of frequency
levels (presented
in Table 7.1-1 of
the EIS) would
have been
applied.

No residual
adverse effects
were identified for
radiation and
radioactivity
VECs. Common
definitions of
irreversibility
levels would have
been used.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

No residual
adverse effects
were identified for
radiation and
radioactivity
VECs. The
common
definitions of
irreversibility
levels would have
been used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Air
Quality

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Any change
from existing
conditions are
considered an
adverse effect
Magnitudes of
effects are
assigned based
on criteria,
which are
established to
be protective of
environment
and include a
level of
conservatism
Low: <50%
of criteria
Medium:
50%-100%
of criteria
High: >100%
of criteria

Regional Study
Area
Expanded to
encompass air
monitoring
stations used for
defining existing
conditions (i.e.,
to include
Waterloo, Sarnia
and London).
Local Study Area
Extended into
Lake Huron.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were
modified. Low
frequency was
changed from
several times per
year to <1% of the
time. Medium
frequency was
changed from
several times per
month to between
1% and 10% of
the time. High
frequency was
changed from
daily, or
continuously, to
greater than 10%
of the time.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Noise
Levels

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Precautionar
y Approach

Any perceptible
change
(>3 dBA) from
the quietest
existing hourly
equivalent
noise level is
considered an
adverse effect.
Magnitudes of
effects are
assigned based
on changes in
noise levels
relative to the
quietest
existing hourly
equivalent
noise level.

Regional Study
Area
Corresponded
with the regional
study area
identified for air
quality.
Local Study Area
Corresponded
with the local
study area
identified for air
quality.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

Corresponds to
the frequencies
identified for air
quality.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Traditional
Knowledge

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Aborigin
al
Interest
s

Precautionar
y Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Any change
that is not
trivial,
negligible, or
indistinguishabl
e from existing
conditions is
considered an
adverse effect.
Magnitudes
were assigned
for individual
VECs where
residual
adverse effects
were predicted
(i.e., Aboriginal
heritage
resources).
Low magnitude
levels were
assigned to
effects where
no physical
disturbance
occurs, but a
single
Aboriginal
resource may
be affected
through direct
or indirect
environmental
changes.

Regional Study
Area
Included
Aboriginal
communities
who have
expressed an
interest in the
DGR Project.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were applied.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Sustainable
Development

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Socioeconomi
c
Environ
ment

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Traditional
Knowledge

The magnitude
levels assigned
for individual
VEC where
residual
adverse effects
were predicted
(i.e., Aboriginal
heritage
resources)
were
established
with
consideration
for the value or
importance
identified by
Aboriginal
groups on
previous
assessment in
the region.

Regional Study
Area
Included
Aboriginal
communities
who have
expressed an
interest in the
DGR Project.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.

Precautionar
y Approach

All direct or
indirect
measurable
changes were
considered
effects.
Positive effects
were identified,
but were not
carried forward
for significance.

Local Study Area
Expanded to
include the entire
Municipality of
Kincardine,
which may be
potentially
affected by the
DGR Project.

Common
definitions of
duration were
used for all
disciplines. Not
used in defining
duration levels.

The common
definitions of
frequency levels
(presented in
Table 7.1-1 of the
EIS) were applied.

Common
definitions of
irreversibility
levels were used
for all disciplines.

Assumed that
effect was 100%
likely to occur, or
the effect has a
probability of
occurrence of 1.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

The concept of
sustainable
development is
inherent in the
measures used
when assigning
magnitude.

Local Study Area
Expanded to
include the entire
Municipality of
Kincardine,
which may be
potentially
affected by the
DGR Project.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

The common
definitions of
irreversibility
levels were used.
Effects that were
considered
permanent were
all classified as
having a high
level of
irreversibility.
Only those effects
were considered
to be immediately
reversible were
classified as
having a low level
of irreversibility.

Not used in
defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in
defining frequency
levels.

Not used in
defining
irreversibility
levels.

Not used in
defining
probability.
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IR#

EIS-03-45

EIS Guidelines
Section
 Section 2.2:
Public
Participation
and Aboriginal
Engagement;
 Section 2.3:
Traditional
Knowledge;
 Section 6:
Public
Participation
 Section 9.1:
Spatial
Boundaries and
Scale

Information Request and Response

Information Request:
a) Provide the detailed analysis that justifies all of the Regional Study Area boundaries. In addition, detail
how these boundaries represent reasonable spatial limits for the cumulative effects assessments.
b) Clarify whether input from Aboriginal groups, government agencies (federal, provincial and municipal) and
community groups was obtained with respect to definition of the regional, local and site study areas.
If input was received, clarify how this input was used to derive the overall study boundaries and to amend
them for each of the specific disciplines.
c) Provide the rationale for the Regional Study Area for the aquatic environment to extend 4 km offshore in
Lake Huron and for the Local Study Area to extend “approximately” 2 km.
Explain why the study area boundaries do not reflect, at least in part, prevailing winds
Context:
a) Section 9.1 of the EIS guidelines state that: “the area within which there is the potential for cumulative
biophysical and socio-economic effects. This area includes lands, communities and portions of Lake Huron
around the Bruce nuclear site that may be relevant to the assessment of any wider-spread direct and
indirect effects of the project.”
Section 5.1.1 of the EIS states: “The Regional Study Area (Figure 5.1.1-1), generally adopted for the EA
corresponds to Bruce County with the exception of the peninsula communities of the Town of South Bruce
Peninsula and the Township of Northern Bruce Peninsula.”
b) The EIS guidelines also require that Aboriginal groups and stakeholders have an opportunity to provide
input to the assessment of effects of the DGR Project.
The definition of spatial boundaries is a pivotal step in the assessment, affecting all subsequent analysis.
Explicit incorporation of public knowledge and concerns into the definition of spatial boundaries adds to the
completeness and defensibility of the assessment.
c) There is no explanation for the regional study area 4 km boundary offshore in Lake Huron and the
approximate 2 km local study area boundary. Do these boundaries correspond with particular offshore
biophysical features in Lake Huron? Do they correspond with socio-economic factors such as commercial
fishing grounds, Aboriginal claims, etc.?
The strictly rectangular Local and Regional Study Areas do not incorporate consideration of prevailing winds.
The explanation for the lack of any consideration of prevailing winds will is required to evaluate the
defensibility and appropriateness of the assessment.
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EIS Guidelines
Section

Information Request and Response

OPG Response:
The Regional Study areas were established for each discipline based on the following considerations:
 Requirements in the EIS guidelines, professional judgement and the data sources or information
requirements for each discipline;
 Input and feedback received from stakeholders and the general public; and
 Dialogue with First Nation and Métis peoples.
a) Regional Study Areas
The spatial boundaries for the assessment are defined in Section 5.1 of the Environmental Impact Statement
(EIS) (OPG 2011). The generic Regional Study Area boundary corresponds to Bruce County, less the
peninsula townships. This generic Regional Study Area was considered to be sufficiently large to capture
both the direct, indirect and cumulative effects associated with the DGR Project.
No modifications were made in the case of the terrestrial environment, radiation and radioactivity, and socioeconomic environment.
In the case of the terrestrial environment, effects of the DGR Project are not expected to extend beyond the
boundary of the Bruce nuclear site. Therefore, any cumulative effects would be limited to that area, which is
enclosed within Bruce County.
The current monitoring work for radiation and radioactivity is contained within the generic Regional Study
Area.
The Regional Study Area selected for the socio-economic environment is the generic Regional Study Area as
it includes the area where the majority of effects and benefits are likely to occur. However, consideration has
been given to effects that may occur on a wider-scale in order to provide context to the assessment. Further
justification for this Regional Study Area is provided in Section 2.4.2.1 of the Socio-economic Environment
Technical Support Document (TSD) (AECOM 2011).
For Aboriginal Interests, the generic Regional Study Area was adopted however the assessment of effects
considered effects on Aboriginal communities who had expressed an interest in the DGR Project up to the
time of submission
The Regional Study Areas for Hydrology and Surface Water Quality, and the Aquatic Environment, were
modified to be consistent with study areas identified in previous assessments, as discussed in response (c) to
this information request. The hydrology and surface water quality Regional Study Area was defined on the
basis of predicted effects from the existing operations at the Bruce nuclear site and the existing water supply
facilities at Kincardine and Southampton. Therefore, it is large enough to capture the cumulative effects of
both the DGR Project and the existing operations in the region.
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IR#

EIS Guidelines
Section

Information Request and Response
The Regional Study Area for the atmospheric environment was expanded to encompass the ambient air
quality monitoring stations used to describe the existing conditions. The Regional Study Area for air quality
specifically addresses cumulative effects as the existing conditions defined from stations within this Regional
Study Area are added to the modelled predictions of all existing sources at the Bruce nuclear site and the
proposed DGR Project activities.
Finally, the Regional Study Area for geology was expanded to correspond to the 35,000 km² 3D geological
framework domain. As described in Section 2.4.2.1 of the Geology TSD (GOLDER 2011), the “…regional
geology provides a framework for understanding and extrapolating site conditions beyond the Bruce nuclear
site boundary. The Regional Study Area boundary fully encompasses the regional hydrogeologic modelling
domain [3]. The hydrogeologic modelling domain (approximately 18,000 km²) is the area used to describe the
regional-scale groundwater system hydrodynamics.”
b) Stakeholder Input for Definition of Study Areas
Display boards at each of the 2007, 2008 and 2009 open houses (OPG 2011, Appendix D) showed the study
area boundaries. Opportunities for discussion on all aspects of the DGR Project including study areas were
available through the community engagement program. Staff at the open houses sought to engage attendees
in discussion on all aspects of the project, including the study area boundaries. Comment cards were also
provided for attendees to identify issues of concern. At these open houses, and through extensive
engagement opportunities as described in the EIS (OPG 2011, Section 2), no comments were received and
no discussion was initiated by attendees on the definition of the study area boundaries. Concerns were
expressed about the potential for effects on the quality of the Great Lakes waters. The areal extent of the
Regional Study Area for the Hydrology and Surface Water TSD is considered large enough to capture the
cumulative effects of both the DGR Project and the existing operations in the region, subsequently no change
was made to the Regional Study Area boundaries, as discussed in part (a) to this response.
Preliminary results of the assessment of effects on Aboriginal Interests were presented to Aboriginal
communities that had expressed an interest in the DGR Project The draft Aboriginal Interests TSD was also
available for public comment (CEAA Registry Doc# 280) and comments on that document were explicitly
requested from the Saugeen Ojibway Nation (SON), Historic Saugeen Métis and the Métis Nation of Ontario
(MNO) on behalf of the Great Lakes, Georgian Bay, and Moon River Métis Councils. (Refer to response to
IR-EIS-03-48).
The Regional Study Area for Aboriginal Interests reflects input received from Aboriginal communities.
c) Aquatic Environment Study Areas
The Local Study Area and Regional Study Area for the Aquatic Environment TSD were selected to match the
corresponding study areas identified in the Hydrology and Surface Water Quality TSD. These study areas
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were selected to be consistent with previous assessments completed in the region. Specifically, a Regional
Study Area extending 4 km offshore is sufficiently large to encompass a thermal temperature difference of
2°C above ambient, 99% of the time (BRUCE POWER 2005, Section 2.3.3). This area defines where
cumulative effects of the DGR Project and the existing operations at the Bruce nuclear site may occur. The
Local Study Area extends 2 km offshore to be consistent with the same assessments (BRUCE POWER 2005,
Section 2.3.3) even though the potential direct effects of the DGR Project are not expected to extend this far
into the lake.
The northern and southern boundaries of the Regional Study Area were defined so as to include the
municipal water supply intakes at both Southampton and Kincardine. For the Local Study Area, the northern
and southern limits were extended to include all of the Stream C and Underwood Creek watersheds.
d) Rectangular Study Areas
The spatial boundaries for the assessment are defined in Section 5.1 of the EIS. The generic Regional Study
Area boundary corresponds to Bruce County, less the peninsula townships, and is not rectangular. The only
rectangular Regional Study Area was used in the Geology TSD, which was extended to correspond to the 3D
geologic framework domain. Predominant winds would have no influence on the shape of the geologic study
areas.
The generic Local Study Area corresponds to the 10 km emergency planning zone (centred on the Bruce
nuclear site) as identified by Emergency Management Ontario. Given the importance of emergency planning,
it is likely that this area is sufficiently large to capture those direct effects associated with the activities at the
Bruce nuclear site.
The discipline most likely affected by winds, including the direction of the prevailing winds, is air quality. In
selecting a Local Study Area that corresponds with the 10 km emergency planning zone (centred on the
Bruce nuclear site), it is expected that all of the air quality effects as a result of the DGR Project would be
captured, whether they occurred in the prevailing down-wind direction or whether they occurred from a
different direction.
Defining a Local Study Area for air quality on the basis of prevailing winds only may not fully represent those
effects that occur when winds blow from other directions. In many cases, the highest short- to medium-term
air quality predictions do not occur in the direction of the prevailing winds. However, prevailing winds usually
describe the pattern of annual predictions.
The assessment of air quality effects associated with the DGR Project included dispersion modelling that
used hourly wind and meteorological data for a 5-year period from 2005 through 2009 (i.e., 43,824 hourly
wind observations). This data set includes predictions and effects associated with the predominant winds
more often than winds from other directions, but ensures that all likely effects are described. Given the nature
of the sources at the DGR Project (i.e., relatively short or ground-based releases), the effects are expected to
be greatest close to the site and decrease rapidly with increasing distance. Therefore, the greatest effects of
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the DGR Project on air quality were predicted to occur near the edge of the Site Study Area.
References:
AECOM. 2011. Socio-Economic Technical Support Document. AECOM Canada Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299)
BRUCE POWER. 2005. Surface Water Resources Technical Support Document. Bruce A Refurbishment for
Life Extension and Continued Operations Project. Prepared by Golder Associates Ltd.
GOLDER. 2011. Geology Technical Support Document. NWMO DGR-TR-2011-03. (CEAA Registry Doc#
299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Environmental Impact
Statement, 00126-REP-07701-00001 R000. (CEAA Registry Doc# 298)

EIS-03-46

 Section 2.3;
Traditional
Knowledge;
 Section 6.1;
Aboriginal
Peoples;
 Section 9.3,
Valued
Ecosystem
Components

Information Request:
Provide an explanation for why the traditional Ojibway spiritual worldview that includes the “rock of the earth”
as the first order of creation was not included as a VEC (Table 6.9.2-1).
Context:
Section 6.9.2.2. of the EIS states: “The traditional Ojibway spiritual worldview is that the physical world,
including the rock of the earth, is the first order of creation upon which the other orders of creation – the plant
world, the animal world and the human world – depend upon for sustenance and existence.”
The rationale for not including the interests related to the traditional spiritual worldview of the Ojibway people
is required to evaluate the completeness of the assessment of effects on Aboriginal interests.
OPG Response:
In general, Valued Ecosystem Components (VECs) are considered to be receptors for project-specific effects
and cumulative effects. Each VEC is represented, in the assessment, by indicator(s). Indicators are features
of the VEC that may be affected by the project. Effects on VECs are considered through a two-step screening
process, first for potential interactions and secondly for measurable change, allowing the assessment to focus
on where effects are likely to occur. Each indicator requires specific measures that can be quantified and
assessed.
As indicated in Section 5.1 of the Aboriginal Interests Technical Support Document (TSD), the TSD based its
information on literature review, collection and analysis of secondary source information and archaeological
assessments. The information gathered through this work did not provide sufficient information from which to
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identify or assess specific measures for the spiritual worldview. Therefore, the VEC spiritual worldview was
not included as a VEC.
The Environmental Impact Statement includes VECs for other components of the environment for the other
orders of creation in the traditional Ojibway spiritual worldview – the plant world, the animal world and the
human world. The Aquatic, Terrestrial, and Socio-economic Environment TSDs identify VECs which reflect
the plant, animal and human world. The assessment also considers the interactions between the VECs and
therefore, the relationships between the various “orders of creation”. The Geology TSD identifies VECs and
assesses potential effects on the subsurface environment. In each case, the potential effects, both direct and
indirect, of the project on the VECs within each of these components of the environment are assessed and
the conclusion, that there are no significant adverse effects on the VECs, is documented.
The Aboriginal Interests TSD acknowledges that the presence of the DGR Project, which directly affects this
first order of creation (i.e., the rock of the earth), may have special meaning to some Aboriginal peoples and
therefore, may be seen by some Aboriginal people as incompatible with their worldview, affecting how
Aboriginal people value the plants and animals that they harvest for traditional purposes. Therefore, the
spiritual worldview is considered in terms of effects on the Traditional Use of Land and Resources VEC.

EIS-03-47

 Section 2.3;
Traditional
Knowledge;
 Section 6.1;
Aboriginal
Peoples;
 Section 9.3,
Valued
Ecosystem
Components

Information Request:
Describe the process used to screen the Aboriginal interests listed in Section 6.9 in order to select the Valued
Ecosystem Components (VECs) in Table 6.9.2-1.
Provide evidence of Aboriginal input to the final selection of VECs as presented in Table 6.9.2-1. Include
evidence that there was an opportunity to review and comment on the VECs. Explain any changes or
additions that were made on the basis of that review and comment by Aboriginal communities
Context:
The table of VECs for Aboriginal interests is supported by information presented in the EIS (pages 6-183 to
6-191) as well as the Aboriginal Interests TSD (pages 30-45). There are implicit links between this information
and the VECs in Table 6.9.2-1; however those links are not made explicit, nor is there any discussion of how
a longer list of interests was screened and honed down to the list in Table 6.9.2-1. For example, it is not clear
how the indicators for each VEC were selected and why others do not appear (such as quality of life
indicators for Aboriginal communities). Furthermore, it is not clear that the final list of VECs was produced with
input from Aboriginal communities.
Information on the rationale for VEC selection and the role of Aboriginal consultation in the process of VEC
selection is required to evaluate the defensibility, completeness and appropriateness of the assessment of
effects on Aboriginal interests.
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OPG Response:
The approach used to developing the VEC list for the DGR Project is provided in OPG’s response to
Information Request EIS-03-48.
Development of VEC List for Aboriginal Interests:
The approach used in selecting the Aboriginal Interests Valued Ecosystem Components (VECs) for the DGR
Project was:







Review VECs used in environmental assessments (EAs) completed for other projects on the Bruce
nuclear site, including feedback, where available on the draft list of VECs (Refer to OPG’s response
to Information Request EIS-03-48).
Rationalize differences between the lists of VECs used for EAs completed for other projects on the
Bruce nuclear site.
Review publicly available information with respect to Aboriginal communities and draft list of VECs
and update draft list of VECs.
Review list of Aboriginal interests identified in Section 6.9.2 (OPG 2011) relative to the draft list of
VECs. Adjust the draft list of VECs as necessary to reflect the relevant Aboriginal interests. The
results of this review influenced the VECs as follows:
o The Crown duty to consult, Land Claims and Traditional Territory are not appropriate VECs.
Land Claims and Traditional Territories were however considered in the assessment
o Preservation and access to the Aboriginal burial grounds on the Bruce nuclear site is
addressed through the VEC Aboriginal Heritage Resources in the Aboriginal Interests TSD
(AECOM 2011)
o Fishing and harvesting interests are addressed through including lake whitefish as a VEC in
the assessment of the aquatic environment and of Lake Huron as an Ecological Feature VEC
o Health of members of the Aboriginal community is addressed through including Overall
Health of Members of Aboriginal Communities in the assessment of Health Effects
o Environmental health is incorporated in the VECs for many components of the environment
including the terrestrial and aquatic environments
o Economic benefits are included in the VEC Aboriginal Communities
o Respect for heritage and traditional knowledge was addressed through including Aboriginal
Heritage Resources as a VEC and incorporation of Traditional Knowledge in the assessment
o Ojibway spiritual interests were considered in the assessment but not included as a VEC
Long term use of lands were considered through an assessment of potential long-term effects of the
ProjectReview public comments on draft guidelines (2006 and 2008 guidelines) (CNSC 2006; CEAA
and CNSC 2008) including presentations at the October 2006 draft guideline hearing and the Record
of Proceedings, including Reasons for Decision on the Environmental Assessment Guidelines (2006)
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(CNSC 2006a). The 2008 Draft Scoping Document (CEAA and CNSC 2008) included a list of VECs
for the project. A peer review completed by the Saugeen Ojibway Nation (SON) on the Independent
Assessment Study Report was also reviewed.
Request input from SON on draft list of VECs.
Present and seek public input on draft VECs at open houses in seven communities in and near the
Regional Study Area in late 2007.

The following requirements were also considered:





Assessment endpoints could be used to meaningfully measure the effects of the project;
Receptors were relevant for both project specific or cumulative effects;
VEC could be represented by a number of indicators; and
Each VEC appeared in only one location.

The draft list of VECs was made widely available to the general public through a number of open houses in
the Regional Study Area and beyond.
Aboriginal Engagement on VECs
In addition to opportunities provided through the general public information and engagement program,
specific opportunities for SON, HSM and MNO-represented citizens in the Georgian Bay Region to provide
input on the draft list of VECs and field plans were available. As requested, a list of opportunities for
Aboriginal input is provided below.








E-mail correspondence providing draft proposed VECs lists and field study plans for each of the
terrestrial, hydrology, aquatic, radiation and radioactivity components of the environment and
requesting input from SON. The files were initially sent by e-mail and when delivery failed, the e-mail
along with the attachments were sent by Canada Post (e-mails, D. Barker to D. McLaren, February
01, 2007; Canada Post Delivery Receipt dated February 6, 2007).
Correspondence (K. Nash to Chiefs Paul Nadjiwan; Randall Kahgee, April 23, 2007) providing an
update on field studies, reiterating OPGs interest in assuring opportunities for SON involvement in the
EA studies, and seeking to confirm the approach to achieving this input from SON.
Correspondence (K. Nash to Chiefs Paul Nadjiwan; Randall Kahgee, June 28, 2007) providing an
update on field studies for the DGR Project, confirming OPG’s interest in obtaining SON input on the
Project and encouraging a discussion of how to scope Traditional Knowledge Studies and gather
socio-economic data for First Nations.
E-mail (D. Barker to D. Jacobs, November 5, 2010) providing information from Fall 2009 community
open houses for SON’ s use in communicating with community members on the DGR Project.
Correspondence to SON providing draft technical support documents for review and requesting
feedback (August 6, 2010 correspondence providing Aquatic, Terrestrial, Hydrology and Surface
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Water Quality, and Radiation and Radioactivity TSDs; August 20, 2010 correspondence providing
Malfunctions, Accidents and Malevolent Acts TSD; October 1, 2010 correspondence providing
Atmospheric TSD; and October 20, 2010 correspondence providing Aboriginal Interests TSD).
Similar correspondence was sent to Historic Saugeen Métis (HSM) requesting feedback on draft
documents. Subsequently a Participation Agreement was reached between HSM/OPG and NWMO
providing funding for HSM to document Traditional Knowledge.
Correspondence providing draft Aboriginal Interests TSD to Métis Nation of Ontario (MNO) for review
and comment (October 20, 2010).
Workshop with Métis Nation of Ontario (MNO), including presentation of VECs on May 20, 2010.
Subsequently a Participation Agreement was reached with MNO providing funding assistance for
documentation of Traditional Knowledge.
Workshop with HSM on September 9, 2010, presenting preliminary results of geosciences, safety and
environmental assessment studies for the proposed DGR Project. Presentation of preliminary list of
VECs to attendees at Joint SON/OPG Liaison Committee update on the status of the DGR EA with
opportunity for discussion and request for input on draft Technical Support Documents, November 2,
2010.
Presentation to Joint SON/OPG Liaison Committee. Technical Update, December 7, 2010.

No specific comments or concerns were raised by the identified Aboriginal communities regarding the list of
VECs. As a result, no changes were made to the Aboriginal Interests VECs list.
References:
AECOM. 2011. Aboriginal Interests TSD. NWMO DGR-TR-2011-09. (CEAA Registry Doc# 299)
CNSC. 2006. Draft Comprehensive Study Scoping Document for an Environmental Assessment of the
Proposal by Ontario Power Generation for a Deep Geologic Repository For Low- and Intermediate-Level
Radioactive Waste.
CNSC. 2006a. Record of Proceedings, Including Reasons for Decision In the Matter of Applicant Ontario
Power Generation Inc. Environmental Assessment Track Report Regarding Ontario Power Generation Inc.’s
Proposal to Construct and Operate a Deep Geologic Repository Within the Bruce Nuclear Site in Kincardine,
Ontario.
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 14)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. 00216-REP-07701-00001-R000. (CEAA Registry Doc# 298)
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 Section 2.5;
Precautionary
Approach;

Information Request:

 Section 6;
Public
Participation

Provide evidence of stakeholder input (including Aboriginal input) to the final selection of VECs as presented
in Table 6.10.2-1. Include evidence that there was an opportunity to review the VECs and provide comments.
Explain any changes or additions that were made on the basis of that review and comment by stakeholders
and Aboriginal communities.

Describe the process of screening the VECs in Table 6.10.2-1.

Context:
The table of VECs for the socio-economic environment is supported by information presented in the EIS
(pages 6-225 to 6-268) as well as the Socio-Economic TSD (pages 50-146). There are numerous implicit links
between this information and the VECs in Table 6.10.2-1; those links, however, are not made explicit, nor is
there any discussion of how a longer list of interests was screened and honed down to the list in Table 6.10.21. For example, the criteria used to select the indicators for each VEC are not clear. Furthermore, it is not
clear that the final list of VECs was produced with input from stakeholders (including Aboriginal communities).
Information on the rationale for VEC selection and the role of stakeholder and Aboriginal consultation in the
process of VEC selection is required to evaluate the defensibility, completeness and appropriateness of the
assessment of effects on the socio-economic environment.
OPG Response:
The Draft Scoping Document for the DGR Project, issued jointly by the Canadian Nuclear Safety Commission
and Canadian Environmental Assessment Agency for public review and comment, included a list of Valued
Ecosystem Components (VECs) (CEAA and CNSC 2008). The process used for identifying this list is
described in the response to Information Request IR-EIS-03-65. As a result of this process, the following
socio-economic environment VECs were identified in the final Environmental Impact Statement (EIS)
Guidelines (CNSC and CEAA 2009) issued to the proponent:









Human health;
Population;
Employment;
Business activity;
Tourism;
Inverhuron Provincial Park;
Housing and property values; and
Municipal finance, infrastructure, services, and facilities/resources.

Human Health is examined as part of the Radiation and Radioactivity Technical Support Document (TSD), as
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the Human Exposure to Radiation VEC and as the VECs Overall Health of Local Residents, Overall Health of
Members of Aboriginal Communities, Overall Health of Seasonal Users and Health of Workers in Section 7.11
of the EIS. The final selection of VECs as presented in Table 6.10.2-1 includes the remaining VECs and was
not the result of screening down from a long list, but rather a building up from the VECs identified in the EIS
Guidelines. Some of these are included in “other” VECs, so that the final list (as presented in Table 6.10.2-1)
encompasses not only the original VECs from the final EIS Guidelines, but also a more comprehensive list of
socio-economic VECs. These are:
Human Assets:



Population and Demographics; and
Other Human Assets (including skills and labour supply, education, health and safety facilities and
services and social services)

Financial Assets:






Employment;
Business Activity;
Tourism;
Residential Property Values; and
Other Financial Assets (including income, renewable and non-renewable resource use, agriculture
and economic development services).

Physical Assets:




Housing;
Municipal Infrastructure and Services; and
Other Physical Assets (including land use, transportation infrastructure and community character).

Social Assets:



Inverhuron Provincial Park; and
Other Social Assets (including cultural and heritage resources, community recreational facilities and
programs, use and enjoyment of private property and community cohesion).

The increased scope of the VECs was considered important in order to apply the community well-being
framework, such that the socio-economic assessment could fully consider the key community assets (Human,
Financial, Physical, Social and Environmental Assets) upon which community well-being depends.
To confirm this approach, community members were asked to identify attributes of the community that are
most important in supporting community well-being (the DGR Community Leader Survey, Site Neighbour
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Survey, and Public Attitude Research). Feedback from this community input supported maintaining all
community asset categories for analysis and the specific VECs that were identified.
The VECs for the DGR Project were also available for discussion and comment at the open houses held in
October of 2007, November 2008, November 2009 and summer/fall 2010. The public was encouraged to add
VECs to the list and to identify the VECs that were most important to them. Appendix D4 (EIS Volume 2)
summarizes public comments received on the selection of VECs.
A separate and distinct set of VECs was identified for the purposes of assessing the effects of the DGR
Project on Aboriginal people and their communities. The Aboriginal interests VECs are as follows:




Aboriginal communities;
Aboriginal heritage resources; and
Traditional use of lands and resources.

This set of VECs was identified based largely on the Aboriginal interests and traditional knowledge identified
in Sections 4.1 and 4.2 of the Aboriginal Interests TSD. The interests of Aboriginal peoples from which VECs
were defined were identified through reviews of the following:




Correspondence between the proponent and Aboriginal representatives and minutes of meetings
between the proponent and Aboriginal organizations between May 2003 and April 2010;
Literature pertaining to Aboriginal treaties, land claims, fishing and harvesting rights; Aboriginal
communities expressing interests in the Regional Study Area; and general ecological, socio-economic
and cultural heritage interests for Ojibway and Métis peoples in Ontario; and
Previous EAs at the Bruce nuclear site.

The list of Aboriginal Interests VECs, along with a brief rationale for their selection and the specific indicators
used in the assessment were based on the Aboriginal interests identified and what is known about the
traditional Ojibway spiritual worldview. They are presented in the Aboriginal Interests TSD (Table 4.3-1).
The response to IR-EIS-03-47 provides additional information on the process used to obtain and
incorporate Aboriginal input to the identification of VECs.
References:
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc#
14)
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep
Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc # 150)
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Information Request:
Provide a detailed description of the alternative means options analysis, including the rationale for not
including weighting of the factors.
Provide the logic of the scoring system used for all of the alternative means analyses.
Context:
Tables 3.4.2-1 to 3.4.10-1 in the EIS present multi-criteria evaluations involving a number of factors and
constraints. In the provided tables it is unclear how the factor scores are standardized.
OPG Response:
The results of the alternative means analysis is provided in Section 3.4 of the Environmental Impact
Statement (EIS). The tables in this section provide the results of the evaluations of alternative means for a
number of aspects of the project.
For each aspect of the project for which alternative means were identified (refer to Table 3.4-1 of the EIS) and
evaluated, criteria were established for each of the categories of economic feasibility, worker health and
safety, public health and safety, technical feasibility, physical/biophysical environmental effects, and socioeconomic environmental effects. The description of the individual criterion was adjusted for each aspect of
the project to make it relevant to that aspect. The rationale for including each criterion in the evaluation is
provided in the table below.
Criterion

Rationale

Economic

To assess the cost of each means within each category relative to other means
within the category, taking into consideration capital costs and any other
contributors to overall cost for each means considered.

Worker Health and
Safety

To assess whether each means could be constructed and operated while still
protecting worker health and safety.

Public Health and
Safety

To assess whether each means could be constructed and operated while still
protecting the health and safety of the public.

Technical

To assess whether each means met relevant technical criteria. Technical
criteria differed for the means being considered. For example when comparing
repository horizon alternatives, the technical criteria were related to whether or
not the rock characteristics were suitable to support construction and operation
of the DGR.
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Physical/Biophysical
Environment

To identify any likely effects to the physical/biophysical environment.

Socio-Economic
Environment

To identify any likely effects to the socio-economic environment.

Achievable

Is a determination of whether each means was implementable based on
available information. The assessment of achievability took into consideration
the results of the assessment of the criteria described above. For example, in
Table 3.4.2-1, it is not known whether siting off the Bruce nuclear site is an
achievable means because the Hosting Agreement is specific to the Bruce
nuclear site. It is not known whether a Hosting Agreement could be reached for
a site at a different location.

Acceptable

Is a determination of whether it would be reasonable to pursue each means
based on the results of the assessment of the economic, health and safety,
technical and environmental effects. For example, in Table 3.4.2-1, the
technical feasibility of siting the DGR at a location off the Bruce nuclear site is
not known because data is not available to verify the geology is suitable.
Additional information would be needed to determine whether the site would be
acceptable.

Each option was scored relative to the other options for that aspect of the project for each identified criterion.
Scoring was based on relative ranking. A description of the rationale for each of the assigned rankings is
provided in text of the table. Lower scores were assigned to the option that had the best performance relative
to the criterion. For example, the least costly means would be given a low score, typically a 1, and other
options were ranked relatively higher. In the event that two or more means were considered equal for a
criterion, they were given an equal score. In some cases, rankings started higher than 1 to reflect particular
challenges or concerns within that criterion. While this did not result in changes to the relative ranking, it did
highlight areas there was uncertainty about the acceptability and/or achievability of the means. Where
significant differences between options relative to a particular criterion existed, the rankings were not
necessarily sequential. For example, if there was a significant cost difference between two options, the
options may have been rated as 1 and 3, with no option rated 2.
Following completion of the ranking relative to the criteria, each option was also assessed as to whether it
was acceptable and achievable. Achievability and Acceptability provided qualitative evaluations, based on
the factors considered in assigning the ratings of whether it was likely that each of the options could be
successfully implemented. If, for example, insufficient information was available to determine whether the
option could be implemented it’s Achievability was classed as “Unknown” and it was not considered as a
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preferred means.
The evaluation of the results of the ranking does not include a formal weighting formula. Each of the criteria
were weighted equally. Considering the approach taken to ranking the options, there is no rationale for
weighting individual criteria differently. While each criterion was not weighted,,the six criteria include two
criteria for health and safety, and two criteria related to effects on the environment, effectively providing a
weighting to Health, Safety and the Environment in the overall evaluation.

EIS-03-50

 Section 7.3;
Alternative
Means of
Carrying out the
Project

Information Request:
a. Provide an evaluation of the alternative means “no institutional control necessary" that includes measures
to prevent human intrusion after abandonment.
b. Provide an analysis of alternative means of dealing with combustible waste, waste that is moist, and waste
that will generate methane and/or hydrogen. Consider means that would either eliminate or reduce gas
production, corrosion, or combustibility. Measures considered must go beyond those detailed in the EIS
and must meet current regulations.
Provide an analysis of alternate means of treating the chamber walls before waste emplacement. The
analysis must include documented quantitative information on the degree of waste retention offered by each
method

Context:
Section 7.3 of the EIS Guidelines specify that alternative means of carrying out project components require a
full and defensible evaluation. The Panel has identified several aspects of the project for which alternate
means are feasible and which need consideration:
a. The decommissioning phase is to be followed by institutional controls lasting up to 300 years. The
alternative means "no institutional control necessary" must be fully evaluated.
b. Waste forms to be placed into the Bruce repository include active liquid waste (ALW), resins, sludges &
combustibles. (EIS Table 4.5-1 & Table 4.5-2) packaged in 100 or more different types of containers.
Some of the waste is anticipated to generate hydrogen and methane. Alternate means to treat the waste
and eliminate potential problems prior to emplacement must be evaluated.
The walls of the emplacement chambers can provide one of the barriers to isolate the waste from the
biosphere. A number of alternatives exist for finishing treating the walls that may enhance wall barrier
effectiveness. An analysis of such alternatives must be provided.
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OPG Response:
a) No Institutional Controls Alternative
The purpose of institutional controls, after decommissioning and closure, is to minimize the likelihood of
inadvertent intrusion into the repository. For the DGR, such an intrusion would be from drilling and/or mining
activity.
For the postclosure safety assessment, it was assumed that inadvertent intrusion could not occur for at least
300 years. The consequences of inadvertent intrusion were, therefore, assessed as a function of time of
intrusion starting at 300 years postclosure (see Preliminary Safety Report (PSR), Section 8.7.1).
Institutional controls have been broadly defined to include “The control of residual risks at a site after it has
been decommissioned. Institutional controls can include both active measures (requiring activities on the site
such as water treatment, monitoring, surveillance and maintenance) and passive measures (that do not
require activities on the site, such as land use restrictions, markers, etc.).” (CNSC 2006, p. 36) The exact
nature of such institutional controls applied to the DGR site would be decided many years in the future, as
part of the facility closure licencing.
The alternative means requested to be evaluated in this Information Request (IR) is “no institutional controls”.
This alternative is defined here to mean no ongoing institutional processes to monitor or manage the site after
closure, such as through site fencing or land use controls placed in institutional planning systems.
However, the postclosure safety of the DGR does not rely on such institutional controls to minimize this risk of
intrusion. The location of the DGR and its depth both contribute to minimize the likelihood of inadvertent
intrusion in the long term. Specifically, the DGR is sited in an area of low potential for economic extraction of
natural resources, and at a depth of 680 m it is far below the depth of casual excavation for construction
purposes, as well as the zone where potable water could be recovered. In addition, passive societal memory
will ensure that knowledge of the repository remains for at least several generations. A durable marker could
also be placed at the site surface at closure.
As a worst case “what if” analysis, the consequences of inadvertent intrusion into the repository earlier than
300 years was assessed. This is an extension of the Inadvertent Human Intrusion Scenario described in
Section 8.7.1 of the PSR. For this ‘what if” case, the results show that the peak dose would be higher for
inadvertent intrusion within the first 100 years due, in particular, to the potential for release of tritium, which
would not have fully decayed. The peak dose from early intrusion (to the drill crew or a person living on the
repository site) would be about 4 mSv higher than for intrusion at 300 years (if the tritium was released as
HTO, much less if released as HT). However, inadvertent deep drilling into the repository within 100 years of
closure is not considered credible - societal memory alone is likely sufficient to ensure this. From 100 to 300
years, the intrusion consequences are essentially as presented in the PSR at 300 years.
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In summary, the location of the DGR and its depth both contribute to minimize the likelihood of inadvertent
intrusion. In addition, passive societal memory will also ensure that knowledge of the repository remains for
at least several generations. The public and regulator are expected to require that records and some type of
land use controls be maintained recording the presence of the repository. Institutional controls would be under
the control of the government or its agencies, not the proponent, and the specific measures would be defined
in the future as part of the closure process.
b) Waste Treatment Alternatives
The IR asks that alternative means for treating certain types of waste materials be analyzed: combustible
wastes, moist wastes, and gas-generating wastes. These are briefly discussed below. A more detailed
evaluation of options used internationally is provided in the response to IR-EIS-03-51.
Combustible wastes - The waste acceptance criteria for the DGR excludes ignitable wastes (see the response
to IR-EIS-03-58 for the definition of ignitable wastes). Of the waste streams intended for the DGR, the
majority of the most combustible Low Level Waste (LLW) (termed “incinerable waste” at OPG) is already
incinerated before disposal at the DGR, through for example OPG’s Western Waste Management Facility
(WWMF) LLW incinerator at the Bruce nuclear site. The next most combustible waste stream is the
Compacted Wastes (approx. 75% combustible materials, but highly compacted with low surface area). The
Non-Processible Wastes contain approximately 20% combustible materials. Ion exchange resins contain
about 50% bound water; they are not combustible until this water is removed. Therefore, no waste streams
going to the DGR are readily combustible. Alternatives for further reducing the amount of combustible
wastes are sorting & incineration, or grouting. Either of these alternatives would require a large facility
capable of safely handling and segregating the Compacted Waste stream (approximately 22% of the wastes)
or the Non-Processible waste stream (approximately 27% of the wastes). This would involve increased
handling of wastes relative to the reference case, with increased worker dose. Grouting would further require
a new processing system to be developed and installed since the capability for grouting does not currently
exist at WWMF.
Reducing the amount of combustible waste in the repository would reduce the risk of an accidental fire in the
waste packages. However, it is emphasized that the wastes are already low combustibility, and that they are
emplaced in fully enclosed metal and/or concrete containers.
Moist wastes - The wastes accepted at the DGR are solid wastes, with low levels of water. This is one of the
DGR (and WWMF) waste acceptance criteria (see PSR, Table 5-5; and EIS, Table 4.5.1-3).
For clarity, the DGR will not be accepting ALW (active liquid waste). The waste types “LL/ALW Resin” and
“ALW Sludge” listed in Table 4.5-1 of the EIS refer to secondary waste products created by the treatment of
ALW at the nuclear generating stations, not the ALW itself. The “LL/ALW Resin” consists of dewatered ionexchange resins, while the “ALW Sludge” is a solidified waste product created from the sludge that is
collected as part of the ALW treatment.
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Information on the moisture content of the wastes is provided in the Reference Inventory report (OPG 2010,
Table C.7). Other than the ion exchange resins, the moisture content of the other wastes is low, typically less
than 1% by weight. Note that ion exchange resins also contain bound water within the resin beads; this
accounts for about half of their weight. The resins account for most of the water present in the repository with
the wastes (QUINTESSA and GEOFIRMA 2011, Section 3.4.1).
Reducing the waste moisture content further would require drying the packages prior to emplacement. Some
of this may be happening in practice, as the wastes are not generally sealed while stored at WWMF, and have
the opportunity to offgas water vapor for many years prior to placement in the DGR. Alternatives would be to
mix absorbents or grouts with the waste to reduce the free water efficiently while the wastes are being
packaged, prior to receipt at DGR. This would involve increased handling of wastes relative to the reference
case, with increased worker dose and waste package emissions.
Further reducing the amount of moisture in the wastes would reduce the risk of container failure due to
corrosion. However, the wastes are already low moisture, and the higher-activity wastes are already in
corrosion-resistant stainless steel and concrete packages.
Gas generating wastes - The sources of gas in the DGR are organic-based materials and metals, which are
assumed in the postclosure safety assessment to eventually degrade into gaseous corrosion products. Since
most of the organic combustible LLW is already being incinerated before going to the DGR, a significant
amount of gas generating wastes is already being avoided. Nonetheless, summing over the various waste
types, the non-gas-generating wastes (e.g. ash, concrete, glass) are about 20 weight % of the total wastes to
be handled by the DGR (not including container materials, or the concrete grouting in steam generators).
That is, about 80% of the planned wastes for the DGR are organic or metal and therefore gas generating.
There is no single alternative option that would further significantly reduce the overall amount of gas
generating wastes. Grouting, for example, would reduce the rate of gas generation, but not reduce the total
amount of gas generation. Some waste-specific options are:
Processing of Resins. Although there are commercial facilities for resin processing in the US; they
may not be able to process OPG ILW (intermediate level waste) resins due to the tritium and C-14
levels. If the OPG LLW and ILW resins were processed, then the total mass of waste handled by the
DGR would be about 86% of current plans, and the total remaining gas generation would be about
84% of current projections.
Steam Generator and Heat Exchanger Recycling. Commercial facilities exist both in the U.S. and
internationally which can process and volume reduce steam generators and heat exchangers.
Opportunities to utilize these facilities continue to be explored. If this were to be followed for all the
steam generators planned for disposal in the DGR, including OPG steam generators, this would
reduce the waste metal content. For example, if recycling removes 90% of the steam generator
carbon steel, then the total mass of waste handled by the DGR would be about 91% of current plans,
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and the total remaining gas generation would be about 93% of current projections.
As illustrated, these options do not significantly affect the overall gas generation from the wastes.
In summary, alternative waste treatments of combustible wastes, moist waste and gas generating wastes are
not preferred since: (1) most of the combustible wastes have already been incinerated, and the wastes going
to the DGR are not readily combustible; (2) the wastes accepted at the DGR are solid wastes with low levels
of water, with higher-activity wastes in corrosion-resistant stainless steel and concrete containers; (3) there is
no alternative that would significantly reduce the amount of gas generation from the existing wastes; and (4)
any facility to provide further treatment would increase handling of wastes relative to the reference case, with
increased worker dose and waste package emissions.
c) Emplacement Room Wall Treatment Alternatives
The emplacement room walls in the reference design are the host rock - Cobourg Formation limestone. The
walls and roof are covered with a thin layer of shotcrete; the room floors are poured concrete. The host rock
is naturally a very effective barrier. It has a very low porosity (0.5 to 2%) and a very low permeability (approx.
10-14 m/s horizontal hydraulic conductivity, lower vertically; see QUINTESSA and GEOFIRMA 2011, Table
5.5). The shotcrete will be present for mechanical purposes during operations; it will have higher porosity and
permeability than the host rock so does not provide significant additional sealing capacity.
The IR asks for evaluation of alternative wall treatments to improve their ability to seal the waste radioactivity
within the rooms. Two alternative types of wall treatments are grouting or sealing.
Grouting is the injection of a sealing material into the host rock to reduce its porosity. Grouting is commonly
used to close fractures or porous rock to control water seepage or inflow. However, it would not be practical
in the Cobourg Formation due to the very low natural limestone permeability and porosity.
Sealants for concrete and limestone are common commercial products for building purposes, and spray-on
linings have been developed primarily for use as rock support in mines. There are essentially two types of
sealants: waterproof and breathable. The former provides a zero porosity layer that prevents movement of
water, while the latter inhibits moisture movement but allows for water vapor to pass through. Concrete
sealants are claimed to reduce water permeability by up to an order of magnitude.
An important difference in the DGR application, compared to sealing of concrete or limestone surfaces in
surface structures, is that there is a natural water source at high pressure in the host rock, i.e., around
hydrostatic levels of several MPa. This would impose a pressure on the seal, as the rock resaturates and
repressurizes around the rooms after the excavation. This may not be an issue for the operational period, but
could limit the seal effectiveness in the long term.
More importantly, the postclosure safety assessment shows that the transport through the host rock is not an
important pathway for release of radioactivity to the surface. Rather, any transport is dominated by the shaft
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pathway (e.g., Figure 6.13 in QUINTESSA et al. 2011, shows the releases above the Ordovician formations in
the Reference Case NE-RC are entirely through the shaft pathway). Therefore, any room wall treatment that
reduces the already low permeability of the host rock will have little effect on the overall postclosure safety,
while adding a new material of uncertain long-term durability.
In summary, alternative wall treatments for sealing purposes are not recommended.
References:
CNSC. 2006. Regulatory Guide G-320, Assessing the Long Term Safety of Radioactive Waste
Management. Canadian Nuclear Safety Commission. December 2006.
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA, SENES and GEOFIRMA. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-03-51

 Section 7.3;
Alternative
Means of
Carrying out the
Project

Information Request:
Provide an analysis of alternative means of permanent storage of the different waste forms to be placed into
the depository.
Context:
The alternative means analysis does not include a number of issues that could be addressed using distinctly
different approaches. In some cases such alternatives are being used by other nations in deep geologic
depositories for LLW & ILW.
For example, waste forms to be placed into the Bruce depository include ALW, resins, sludges &
combustibles. Other jurisdictions will only store non-combustible solid waste.
OPG Response:
For clarity, as defined the Table 4.5.1-3 of the Environmental Impact Statement (EIS), the DGR will only
accept solid wastes for emplacement. The DGR will not be accepting ALW (active liquid waste). The waste
types “LL/ALW Resin” and “ALW Sludge” listed in Table 4.5-1 of the EIS refer to secondary waste products
created by the treatment of ALW at the nuclear generating stations, not the ALW itself. The “LL/ALW Resin”
consists of dewatered ion-exchange resins, while the “ALW Sludge” is a solidified waste product created from
the sludge that is collected as part of the ALW treatment.
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IR#

EIS Guidelines
Section

Information Request and Response
This Information Request has been interpreted as pertaining to alternative means to handle the various waste
forms and how these compare to methods employed in other facilities as summarized in Table 3.4.10-2 of the
EIS. As described in Section 3.4.10 of the EIS, the waste treatment and conditioning methods cannot be
taken in isolation. They must be considered in the context of the overall repository system. For most nearsurface repositories, the waste package plays an important role both as part of an engineered barrier system
for radionuclide containment, and as part of the structural support system for the repository cover (i.e. to
prevent subsidence of the overlying earthen cap). For silo type repositories, the waste package must also
support the load of several tens of metres of additional waste packages stacked on top. Where the waste
package provides structural support, it is designed for high compressive strength and low void volume.
Where it is designed as part of an engineered barrier for radionuclide containment, the waste package is
generally characterized by resistance to corrosion, low leachability and chemical properties that impede
migration of the radionuclides important to the safety case for the facility. In other cases, waste packages
may have also been designed to preserve the long-term integrity of the package during a prolonged storage
period, prior to emplacement in a repository, to ensure that they could still be handled safely during retrieval
from storage, transportation to the repository and subsequent handling and emplacement.
For the DGR, the waste package is not credited with any long-term role for containment of radionuclides and
is not required to provide structural support for closure systems. In addition, the waste packages are stacked
no higher in the DGR emplacement rooms than they are currently stacked in OPG’s Western Waste
Management Facility storage structures.
Table EIS-03-51-1 (provided at the end of the responses to EIS IRs) provides additional information to that
found in Table 3.4.10-2 of the EIS related to the different treatment and conditioning options and resulting
waste forms that have been used in other facilities and jurisdictions and discusses their applicability to OPG’s
DGR. The primary conclusions of this review are:
a) All L&ILW repositories accept a range of waste types and forms.
b) The waste types and forms proposed by OPG are accepted at other repositories.
While some of the more advanced waste processing could be applied to wastes destined for OPG’s DGR, the
resulting waste forms provide no tangible improvement to the overall safety case.
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Table EIS 03-51-1: Summary of Waste Treatment and Conditioning Options Used in Other Jurisdictions
Country

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Reference

Finland
(Olkiluoto,
underground
repository)

Combustibles

Low-force compacted into 200 L carbon
steel drums (off-site*). Drums placed
into concrete overpacks for handling and
stacking purposes.

OPG currently compacts some
combustible wastes using low force
compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

STUK
(2011)

Compactibles

Low-force compacted into 200 L carbon
steel drums (off-site). Drums placed into
concrete overpacks for handling and
stacking purposes.

OPG currently compacts the
compactible waste stream using low
force compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

IX resins

Solidified with bitumen into steel drum

Bitumen is not used for OPG IX resins.
The process would release tritium and
carbon-14 from the resins and the
resulting product is flammable.

Not recommended for
OPG’s IX resins.

Sludge

Solidified with bitumen into steel drum

Bitumen has been used in the past for
solidifying some sludge waste. The
resulting product is flammable.

Not recommended for
OPG’s sludges.

Large objects

Decontaminated or cut up to fit concrete
overpack.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.

Misc. metals

Low activity metals are decontaminated
or cut up to fit 200 L steel drum or
concrete overpack.
High activity metals are stored at reactor
and will be treated/conditioned with
similar wastes at decommissioning.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
High activity metals from station
refurbishment are stored in steel and
concrete shielding containers and will be
placed in DGR.

Similar to current OPG
plan.

Combustibles

Low-force compacted into 200 L carbon
steel drums.

OPG currently compacts some
combustible wastes using low force
compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

Finland
(Loviisa,
underground

315

STUK
(2011)

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste
Country
repository)

France
(Centre de l’Aube,
surface vault type
repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Compactibles

Low-force compacted into 200 L carbon
steel drums.

OPG currently compacts the
compactible waste stream using low
force compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

IX resins

Solidified with cement into steel drum

Although it produces a stable waste
form, cement will increase the volume of
IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins due
to large volume
increase.

Sludge

Solidified with cement into steel drum

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut up to fit 200 L
steel drum

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.

Misc. metals

Low activity metals are decontaminated
or cut up to fit 200 L steel drum or
concrete overpack.
High activity metals are stored at reactor
and will be treated/conditioned with
similar wastes at decommissioning.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
High activity metals from station
refurbishment are stored in steel and
concrete shielding containers and will be
placed in DGR.

Similar to current OPG
plan.

Combustibles

Depending on originating facility of
waste, incinerated (disposed of as
solidified ash) or supercompacted in 200
L steel drums with high force compactor.
Both are located at off-site facilities.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Supercompacted in 200 L steel drums
with off-site or on-site* high force
compactor

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.
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Country

Germany
(Konrad, planned
DGR, under
construction)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

IX resins

Solidified in various matrices (e.g.
cement or epoxy) into steel drum or
fibre-reinforced concrete container

Although it produces a stable waste
form, cement and polymers will increase
the volume of IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins due
to large volume
increase.

Sludge

Solidified in various matrices (e.g.
cement, bitumen or epoxy) into steel
drum or fibre-reinforced concrete
container

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.

Large objects

Cut to fit various sized containers (up to
5 m3). May be grouted into container.
Some large objects disposed of as-is.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.

Misc. metals

Cut to fit various sized containers (up to
5 m3). May be grouted into container.
Some LL metals are melted at off-site
facility into ingots for disposal.
Some metals are supercomapcted in
200 L drums.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
There are no existing facilities in Canada
for metal melting. Supercompaction
could be applied, however it requires
objects to be cut into smaller pieces,
resulting in higher worker doses.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.
Melting could be
applied if facilities
were available.

Combustibles

Depending on originating facility of
waste, incinerated at off-site facility
(disposed of as solidified ash) or
supercompacted in 200 L steel drums
with off-site high force compactor.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Depending on originating facility of
waste, compacted or supercompacted in
200 L steel drums with off-site
compactor.

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.

IX resins

Dried or solidified in various matrices
(e.g. cement) into steel drum or fibrereinforced concrete container

Drying technology would release tritium
and carbon-14 from the resins.
Solidification will increase the volume of
IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins.

317

Reference

BMU
(2012)

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste
Country

Japan
(Rokkasho-mura,
near surface vault
type repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Sludge

Dried or solidified in various matrices
(e.g. cement) into steel drum or fibrereinforced concrete container

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut to fit various
sized containers (up to 5 m3). May be
grouted into container.
Some large objects disposed of as-is.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.

Misc. metals

Cut to fit various sized containers (up to
5 m3). May be grouted into container.
Some LL metals are melted at off-site
facility into ingots for disposal.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
There are no existing facilities in Canada
for metal melting.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.
Melting could be
applied if facilities
were available.

Combustibles

Processed by incineration. Incinerators
are located at nuclear power plant sites.
Ash is currently stored at nuclear power
plant sites awaiting approval for
disposal.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Supercompacted in 200 L steel drums
with high force compactor or low-force
compactor into 2.5 m3 steel box, at
nuclear power plant sites.

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.

IX resins

Dried and/or solidified in various
matrices (e.g. cement, plastic) into steel
drum at nuclear power plant sites.

Drying technology would release tritium
and carbon-14 from the resins.
Solidification will increase the volume of
IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins.

Sludge

Solidified in various matrices (e.g.
cement) into steel drum.

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.
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Korea
(Wolsong LILW
Disposal Center,
underground
repository, under
construction)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Large objects

Decontaminated or cut and packed into
2.5 m3 steel boxes.
Some stored intact at nuclear power
plant sites (e.g. steam generators)
awaiting future treatment and disposal.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.

Misc. metals

Some LL metals are melted at off-site
facility into ingots for disposal.
Other LL metals are supercompacted in
200 L steel drums or cut and packed into
2.5 m3 steel boxes.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
There are no existing facilities in Canada
for metal melting. Supercompaction
could be applied, however it requires
objects to be cut into smaller pieces,
resulting in higher worker doses.

Similar to current OPG
plan.
Melting could be
applied if facilities
were available.

Combustibles

Low-force compacted into 200 L carbon
steel drums (off-site). Drums placed into
concrete overpacks for handling and
stacking purposes.
Some LLW is treated by vitrification.

OPG currently compacts some
combustible wastes using low force
compaction.
There are no facilities in Canada for
LLW vitrification.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

Compactibles

Low-force compacted into 200 L carbon
steel drums (off-site). Drums placed into
concrete overpacks for handling and
stacking purposes.

OPG currently compacts the
compactible waste stream using low
force compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

IX resins

Dried and/or solidified in various
matrices (e.g. cement) into steel drum

Drying technology would release tritium
and carbon-14 from the resins.
Solidification will increase the volume of
IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins.

Sludge

Dried and/or solidified in various
matrices (e.g. cement) into steel drum

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.
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Spain
(El Cabril, surface
vault type
repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Large objects

Decontaminated or cut to fit various
sized containers. May be grouted into
container.
Some large objects disposed of as-is.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.

Misc. metals

Decontaminated or cut to fit various
sized containers. May be grouted into
container.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.

Similar to current OPG
plan.
Grout not required in
DGR for structural
support.

Combustibles

Depending on originating facility of
waste, incinerated (disposed of as ash)
or supercompacted in 200 L steel drums
with high force compactor.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Depending on originating facility of
waste, low forced compacted in 200 L
steel drums or supercompacted in 200 L
steel drums with high force compactor.

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.

IX resins

Solidified in cement into steel drum

Solidification will increase the volume of
IX resins by 3 to 5 times.

Not recommended for
OPG’s IX resins.

Sludge

Dried and/or solidified in cement into
steel drum

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or placed into
repository intact.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.
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Sweden
(SFR, underground
repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Misc. metals

Some LL metals are supercompacted in
200 L drums. Other metals are grouted
into 1.3 m3 concrete container.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
Supercompaction could be applied,
however it requires objects to be cut into
smaller pieces, resulting in higher
worker doses.

Similar to current OPG
plan.

Combustibles

Depending on originating facility of
waste, incinerated (disposed of as
solidified ash) or supercompacted in 200
L steel drums with high force compactor.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Depending on originating facility of
waste, low forced compacted in 200 L
steel drums or supercompacted in 200 L
steel drums with high force compactor.

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.

IX resins

Depending on originating facility of
waste, solidified in cement or bitumen in
steel or concrete containers, or
dewatered in concrete containers.

Solidification will increase the volume of
IX resins by 3 to 5 times.
OPG currently stores IX resins in
dewatered form.

Solidification not
recommended for
OPG’s IX resins.
Dewatered resins
similar to current OPG
plan.

Sludge

Solidified in cement in concrete or steel
containers

Could be applied to OPG sludges.
However, the generating stations are
currently set up to use polymer and clay
based solidification agents.

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut up into various
steel or concrete containers or placed
into repository intact.
Some metals are melted into ingots for
disposal.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.
There are no existing facilities in Canada
for metal melting.

Similar to current OPG
plan.
Melting could be
applied if facilities
were available.
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UK
(Drigg, surface
repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Misc. metals

Cut up into various steel or concrete
containers or placed into repository
intact.
Some metals are melted into ingots for
disposal.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
There are no existing facilities in Canada
for metal melting.

Similar to current OPG
plan.
Melting could be
applied if facilities
were available.

Combustibles

Low force compacted into 200 L carbon
steel drums. Resulting drums of
compacted waste may be
supercompacted. Resulting drums and
pucks placed into overpacks for handling
and stacking purposes.

OPG currently compacts some
combustible wastes using low force
compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

Compactibles

Low force compacted into 200 L carbon
steel drums. Resulting drums of
compacted waste may be
supercompacted. Resulting drums and
pucks placed into overpacks for handling
and stacking purposes.

OPG currently compacts the
compactible waste stream using low
force compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

IX resins

Either stored at reactor sites in bulk
tanks awaiting further processing, or
cemented in steel drums.

Solidification will increase the volume of
IX resins by 3 to 5 times.
OPG currently stores IX resins in
dewatered form.

Solidification not
recommended for
OPG’s IX resins.
Dewatered resins
similar to current OPG
plan.

Sludge

Either stored at reactor sites in bulk
tanks awaiting further processing, or
cemented in steel drums.

Cementation could be applied to OPG
sludges. However, the generating
stations are currently set up to use
polymer and clay based solidification
agents.

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut up into various
steel containers or placed into repository
intact.
Some large objects are sent to off-shore
facility in Sweden for decontamination,
recycling and melting.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.
There are no existing facilities in Canada
for metal melting.

Similar to current OPG
plan.
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Country

USA
(Barnwell, surface
trenches)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Misc. metals

Decontaminated or cut up into various
steel containers or supercompacted and
placed into repository.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
Supercompaction could be applied,
however it requires objects to be cut into
smaller pieces, resulting in higher
worker doses.

Similar to current OPG
plan.

Combustibles

Depending on originating facility of
waste, incinerated (disposed of as
solidified ash), low force compacted or
supercompacted with high force
compactor.
Various container types are used.

OPG currently incinerates combustible
waste up to the throughput capacity of
the WWMF incinerator and compacts
the remaining combustible wastes using
low force compaction.

Similar to current OPG
plan.

Compactibles

Depending on originating facility of
waste, incinerated (disposed of as
solidified ash), low force compacted or
supercompacted with high force
compactor.
Various container types are used.

OPG currently compacts the
compactible waste stream using low
force compaction.

Similar to current OPG
plan.

IX resins

Depending on originating facility of
waste, solidified (e.g. cement, polymer)
in steel or HDPE containers, or
dewatered in steel or HDPE containers.
Some resins are incinerated or
pyrolized, with resulting residues
packaged in steel containers. There are
a number of commercial facilities in the
US which process radioactive IX resins.

Solidification will increase the volume of
IX resins by 3 to 5 times.
OPG currently stores IX resins in
dewatered form.
Pyrolysis will release tritium and carbon14 from the resins. The commercial
resin processing facilities in the US are
not licenced to handle the levels of
tritium and carbon-14 typically found on
OPG’s resins.

Solidification and
pyrolysis not
recommended for
OPG’s IX resins.
Dewatered resins
similar to current OPG
plan.

Sludge

Depending on originating facility of
waste, solidified (e.g. cement, polymer)
in steel or HDPE containers, or
dewatered in steel or HDPE containers.

Cementation or polymers could be
applied to OPG sludges. However, the
generating stations are currently set up
to use polymer and clay based
solidification agents.

No technical benefit to
switch to this
technology.
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Country

USA
(WIPP, DGR)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Large objects

Decontaminated or cut up into various
steel containers or grouted and placed
into repository intact.

Large objects will be cut up to suit
dimensional and mass limits of DGR
main shaft cage.
Grout is used in OPG case to stabilize
internals of large objects during cutting
process.

Similar to current OPG
plan.

Misc. metals

Decontaminated or cut up into various
steel containers or supercompacted and
placed into repository.
Some metals are melted into ingots for
disposal or recycling.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
Supercompaction could be applied,
however it requires objects to be cut into
smaller pieces, resulting in higher
worker doses.
There are no existing facilities in Canada
for metal melting.

Similar to current OPG
plan.

Combustibles

Some combustible wastes were
incinerated (mostly for plutonium
recovery). Resulting ash may be
solidified in cement or disposed of in
drums (un-solidified).
Other combustible waste is low force
compacted into 200 L carbon steel
drums. Resulting drums of compacted
waste may be supercompacted.
Resulting drums and pucks placed into
overpacks for handling and stacking
purposes.
Some wastes not compacted.

OPG currently compacts some
combustible wastes using low force
compaction.

Properties of waste
are similar to OPG’s
baled and boxcompacted wastes.

Low force compacted into 200 L carbon
steel drums. Resulting drums of
compacted waste may be
supercompacted. Resulting drums and
pucks placed into overpacks for handling
and stacking purposes.
Some wastes not compacted.

OPG currently compacts the
compactible waste stream using low
force compaction.

Compactibles
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Waste type

Current practice

IX resins

Some resins are solidified in cement in
steel containers, other resins are
dewatered in steel containers

Sludge

Solidified in cement in steel containers

Large objects

Not applicable

Misc. metals

Decontaminated or cut up into various
steel containers or supercompacted and
placed into repository.

Applicability to OPG’s DGR

Conclusions

Cementation could be applied to OPG
sludges. However, the generating
stations are currently set up to use
polymer and clay based solidification
agents.

No technical benefit to
switch to this
technology.

Low activity metals are included in “nonprocessible” waste stream, in metallic
box containers.
Supercompaction could be applied,
however it requires objects to be cut into
smaller pieces, resulting in higher
worker doses.

Similar to current OPG
plan.
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Spanish National Report (see Section D.3). Madrid, Spain.
STUK. 2011. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management: 4th
Finnish National Report as referred to in Article 32 of the Convention (see Section B.32.3). STUK report STUK-B 138. Helsinki, Finland.
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SWEDEN. 2011. Sweden’s Fourth National Report under the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management (see Section D.1). Ministry of the Environment report Ds 2011:35. Stockholm, Sweden.
USDOE. 2011a. United States of America Fourth National Report for the Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management (see Section D2). USDOE report DOE/EM-0654, Rev. 3. Washington, DC, USA.
USDOE. 2011b. Annual Transuranic Waste Inventory Report – 2011 (see Appendix A). USDOE report DOE/TRU-11-3425. Carlsbad,
NM, USA.
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EIS-03-52

EIS Guidelines
Section

Information Request and Response

 Section 7.3,
Alternative
Means of
Carrying out the
Project

Information Request:

 Section 8.2,
Site Preparation
and
Construction

The physical properties of the rock mass involved should reflect those of the Cobourg Formation at 680m
depth. In considering the magnitudes of overbreak, include citations to relevant research conducted in the
Local Study Area.

Provide quantitative data and a discussion that evaluates the magnitude of the overbreak for the two
excavation methods. Considerations should include, but not be limited to, the density of fractures, their depth
of penetration, and surface morphology.

Context:
An alternative to drill and blast for lateral development is the use of a roadheader. It is acknowledged that
blasting results in overbreak and the development of an extended fracture zone in the rock around the
excavation perimeter. Induced fracturing is a major concern in the evaluation of the long-term integrity of the
depository.
OPG Response:
Controlled drill and blast has been selected as the reference excavation method for openings at the repository
level. In the early 1980s OPG (then Ontario Hydro) successfully used this excavation method in two tunnels
located at the Darlington Nuclear Generation Station (NGS) site within the Lindsay (Cobourg) Formation. Drill
and blast method is widely used in the mining and tunneling industry. Mechanical excavation with roadheader
is a potential alternative excavation method. However, its use in hard limestone such as the Cobourg
Formation is not well-proven and for this reason, is not currently favoured as an excavation method.
Definitions for the different zones of damaged and disturbed rock around an excavation opening, including the
definition for Excavation Damage Zone (EDZ), are presented in Fracture Systems (2011) (see p.9).
The impact of overbreak and the resulting excavation damage zone (EDZ) in the lateral development is not a
key consideration in the long-term safety case for the DGR (refer to response to IR-EIS-03-61). For this
reason DGR site-specific research has neither been performed nor is any planned to collect quantitative data
on magnitude of overbreak, density of fractures, their depth of penetration and surface morphology due to use
of either drill and blast or roadheader in the Cobourg Formation.
Based on observations and limited testing in the 925 m long Darlington Cooling Water (CW) Intake Tunnel, it
is expected that drill and blast method can be used at the repository level in the Cobourg Formation without
causing excessive overbreak and rock damage. In the Darlington CW Intake Tunnel local overbreaks were
confined to zones in the immediate crown of the tunnel which was a result of a combination of joint geometry,
bedding partings and blast vibration (see p.22 in ONTARIO HYDRO 1983). The maximum overbreak ranged
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from 0.3 to 0.7 m with an average of 0.3 m (see p.10 in ONTARIO HYDRO 1983).
The rock damage in the annulus rock around the Darlington CW Intake Tunnel excavation was assessed by
means of borehole camera inspection and the vacuum logging technique in boreholes drilled from the tunnel
wall surface. The vacuum logging technique involved isolating a section of these boreholes with an insert and
evacuating the isolated section. The permeability of the rock was estimated based on the air pressure
response and flow from the test section. The maximum damage zone measured was about 0.8 m thick at the
side of the tunnel and 0.4 m at the roof.
Investigations by others regarding excavation damage zone around openings in sedimentary rocks has shown
the thickness of excavation damage zone is typically less than 0.5 times the radius of the openings (Fracture
Systems 2011). These data are summarized in Table 6.3 of NWMO (2011).
References:
Fracture Systems. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
ONTARIO HYDRO. 1983. Darlington G.S. ‘A’ C.W. Intake Tunnel. Geotechnical Completion Report. Report
No. 83543.

EIS-03-53

 Section 8,
Description of
the Project

Information Request:
Provide additional details regarding the Panel room development procedures, including the timing of access
and exhaust drift, and room development to provide multiple entry/egress capabilities at all stages of
development.
Provide the timing of room filling and closure that will leave only single path entry/egress at some stage of
room life while worker presence is required.
Context:
In the underground DGR facilities, each of two panels of rooms will have two access drifts, one at each end,
to provide flow through ventilation and two-path access/egress.
On page 1-11, the EIS states: “End walls may be erected at the room entrance once the rooms are filled.”
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This indicates that the two ends of any single room may be sealed at different times, creating the possibility
that workers using the rooms for development or waste placement may not have available a double pathway
for entry/egress at all times.
More detail concerning the timing of drift development to permit two points of access/egress is needed to
confirm that single entry conditions will not exist.
OPG Response:
In the initial repository level construction, tunnel development from each of the shafts will only have single
egress potential. This is similar to shaft sinking and will follow appropriate protocols for access and
development. The connection of the two shafts is a priority in the initial development activities. Once
completed, the ventilation exhaust tunnel and shaft services area will be developed providing looped access
back to the ventilation shaft. Development of both panel access tunnels will follow.
When full DGR development begins, the tie-in of emplacement rooms with the panel access and ventilation
exhaust tunnels will be of key importance. This provides for flow-though ventilation and multiple egress
capabilities as early as possible during construction. Advancing both the panel access tunnel and exhaust
ventilation tunnels in parallel also provides for emplacement room development from both ends of the
emplacement rooms.
It is recognized that there will be several areas of development that will limit egress to single access (e.g.,
south panel access tunnel). This type of development is not uncommon in mining operations and appropriate
procedural control will be in place to address these situations.
During operations, the design of the DGR emplacement rooms are such that rooms are effectively “dead-end”
rooms from an egress perspective once waste is emplaced in the room. Access to the end-wall is restricted
and egress is back towards the panel access tunnel. The flow-through ventilation design allows for egress
upstream of the emplacement room through an empty ventilated emplacement room via a personnel door, or
as described in response to IR-EIS-03-60, portable refuge stations are located in each of the panels
downstream of active emplacement rooms. Each end-wall adjacent the ventilation exhaust tunnel will be
equipped with a personnel door for egress. This provides for multiple egress/refuge capability. In the event
that an end wall is required at the entrance to the emplacement room for shielding purposes, personnel will
not have access to the emplacement room.

EIS-03-54

 Section 8,
Description of
the Project

Information Request:
Provide specific information on the spatial distribution of surficial deposits found under the DGR Project Area
that is not an extrapolation from test holes outside of the project area. Include data on the disposition of the
water table, any perching of the water table, and the sand aquifer noted in adjoining areas.
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Describe and discuss the level of confidence in the expectation that the Middle Sand unit does not exist within
the area where the DGR shafts will be located.
Produce a revised Figure 5.3.1-1 indicating the locations of the Waste Rock Management Area (limestone,
shale, dolostone, unsuitable overburden materials), shaft, monitoring well locations and the locations of deep
bore holes 2 through 6.
Context:
The surficial deposits beneath the Western Waste Management Facility (WWMF) and the former Heavy
Water Plant have been studied extensively using shallow drill hole data. These studies are used in the EIS to
provide a generalized overview of the nature of the surficial geology of the Project area.
The stratigraphic cross sections south and west of the DGR Project Area (Geology TSD Figure 5.4.1-5 &
Figure 5.4.1-7) show there is considerable variation in bedrock topography, unit continuity, lithology, unit
thickness, and water table level over short distances. Other notable features are the presence of a sand
aquifer and a perched water table.
Only one monitoring well (US-7) is located in the DGR Project Area and no overburden stratigraphy is
available for this well (Figure 5.3.1-1). As a result of the above noted variability, it is not possible to
extrapolate the spatial distribution of the surficial deposits into that region. The location of the water table,
shallow ground water movement, infiltration rates, solute transport etc, all of which depend on nature of the
surficial deposits, can therefore not be evaluated in the areas of the proposed DGR infrastructure and the
waste rock management areas.
The EIS states on page 6-16 that: “....the Middle Sand unit is considered to be an important layer to the
groundwater flow system beneath the Project Area.” and “This unit is not expected to exist within the area
where the DGR shafts will be located.”
The confidence associated with the latter quotation requires explicit discussion, since any intersection with an
active groundwater flow system by the DGR shaft would have significant implications to the performance of
the DGR Project. There does not appear to be a discussion of uncertainty associated with this issue in the
Postclosure Safety Assessment.
OPG Response:
The work documented in the enclosed report, Soil Investigation for Proposed Surface Facilities (GOLDER
2012), describes the spatial distribution of surficial deposits, water table and hydraulic head distribution, and
hydrogeologic properties in the DGR Project Area.
In general, the soils consist of a thin surficial layer of topsoil and/or fill underlain in some locations by granular
deposits of silt, sand and gravel, which are underlain by a deposit of dense glacial till 9 m to 14 m or more in
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thickness, consisting predominantly of sand and silt to clayey silt containing cobbles and boulders.
Underlying the till deposit, fractured dolostone/limestone bedrock is present.
The dense silt till deposit contains thin (less than 1 m) isolated seams/interlayers of cohesionless sands, silts,
gravels, and cobbles, but no continuous cohesionless aquifer was encountered within the silt till deposit
during the investigation at the DGR Project Area. Consistent with the low hydraulic (ca. 10-10 m/s)
conductivity of the till layer, perched surface water was evident in a number of areas.
Confidence in the boundaries of the Middle Sand Aquifer (MSA) is based on the compilation and integration of
data from boreholes and testpits collected through investigations starting in the 1970s. This work established
that the sand layer was discontinuous, and the portion underneath the WWMF (the MSA) was isolated to the
area of the WWMF. Work also included an assessment of the effectiveness of the groundwater monitoring
network at the WWMF, including the development of a 3D model of groundwater flow analyzed by finite
difference methods and calibrated and verified against observed hydraulic head measurements (Jensen and
Sykes 1996, Jensen and Sykes 1995). Inherent in the assessment of the monitoring network was the
refinement of understanding of the geometry of the various model layers including the Middle Sand Aquifer.
The prediction of the extent of the MSA, based on the historic subsurface datasets, was validated by the
geotechnical investigation program conducted in 2011 (GOLDER 2012). The results confirmed the
expectation that the MSA was not present in the area where the DGR shafts will be located.
A revised Figure 5.3.1-1 of the Geology Technical Support Document is attached, as requested, indicating
the locations of the Waste Rock Management Area, shaft boreholes, and monitoring wells.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Soil Investigation
for Proposed Surface Facilities. Golder Associates Ltd. report 1011170041-REP-G2030-0002. (enclosed)
Jensen, M. and J. F. Sykes. 1995. Ontario Hydro Report BNPD RWO Site 2: Hydrogeological Investigations
and Numerical Groundwater Flow System Analysis. Report No. NK37-03480-94014.
Jensen, M. and J.F. Sykes. 1996. Ontario Hydro Report BNPD RWO Site 2: Groundwater Monitoring Well
Network Assessment. Report No. NK37-03840-96006.

EIS-03-55

 Section 8,
Description of
the Project
 Section 11.1
Effects
Prediction

Information Request:
Provide an explicit assessment of the potential for effects from dewatering and the construction and operation
of the Waste Rock Management Area on the marsh at the northern end of the Project Area or the swamp in
the southeast corner of the Project Area, as identified on page 7-75 of the EIS.
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Context:
According to the EIS, page 7-9: “It is not likely that the zone of influence will extend beyond several meters in
radius from a given foundation trench(es)” and “This perturbation of very localized transport direction is
expected to only extend several metres from the sealed shaft walls, and will not be noticeable within the scale
of the Project Area or Site Study Area”.
Construction and operation of the Waste Rock Management Area will affect the location of the water table and
direction of flow of near surface groundwater.
In the text, no mention is made of the marsh at the northern end of the Project Area or the swamp in the
southeast corner of the Project Area (see page 7-75 of the EIS). Therefore, clarification is required with
respect to whether the hydrogeological assessment considered these two wetland areas.
OPG Response:
The marsh at the northern end of the Project Area and the swamp in the southeast corner of the Project Area
were not explicitly addressed in the assessment with respect to construction of the Waste Rock Management
Area as no effects to either feature are expected.
The Geology TSD (Section 8.3.3) describes the Zone of Influence (ZOI) from dewatering during excavation
and construction of the shafts. The ZOI radius and flow rate for the upper 170 m of subsurface were
estimated using analytical equations for dewatering design. The radius of influence was estimated to be 54 m
away from each shaft, with an inflow of approximately 50 L/min over the upper 170 m of the shaft. This is a
small portion of the Project Area. This ZOI is not going to approach any surface water courses or wetland
features, and there is no water use that will be affected by this ZOI.
The ZOI during deeper excavation, and during operation of the shafts, will be much less than the radius
described above, as the hydraulic conductivities of the deeper rocks and the sealed shaft will be lower than
the hydraulic conductivities in the upper 170 m of bedrock.
The Waste Rock Management Area is underlain by the native till soils. The native till soil has a very low
potential for infiltration (conservatively estimated at 5 to 10 cm/a); therefore, precipitation that percolates
through the rock pile is more likely to flow from the base of the rock pile to the stormwater management
system than it is to infiltrate to the subsurface. The situation is the same as currently occurs at the site where
most of the precipitation runs off to the ditches and very little infiltrates to the subsurface. The ability of the
tills to allow infiltration to the subsurface will not change due to the presence of the rock piles with the
infiltration rate remaining in the range of 5 to 10 cm/a. Since there is no change expected in the infiltration
rate of the soils, there is not expected to be any measurable effect on the water table or groundwater flow
direction due to the presence/operation of the Waste Rock Management Area. Therefore, there is not
expected to be any measurable effect on the groundwater regime beneath these two wetlands.
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In summary, shaft and operational dewatering is not expected to have any measurable effect on the
groundwater regime beneath these two wetlands (approximately 495 m away from the shafts).

EIS-03-56

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information regarding the following aspects related to the stormwater retention pond:
 Effect of the pond on groundwater quality;
 Provision for prolonged retention; and
Ability for rapid deployment of water treatment, beyond oils, greases and grits/sediments., when and if
required (e.g., treatment of elevated nitrogen concentrations)
Context:
Provision of detailed information with respect to the listed aspects of the stormwater retention pond design will
allow evaluation of the defensibility and appropriateness of that design.
This information request is posed in consideration of the responses to LPSC-01-12, LPSC-01-13 and LPSC01-27.
OPG Response:
Effect of Stormwater Management Pond on Groundwater Quality
The stormwater management pond will manage storm runoff from the DGR Project site, runoff from the waste
rock management pile and discharge from sub-surface activities. The results of short-term leach tests
(GOLDER 2011, Section 4.3) and estimating blast residue, indicates the expected waste rock management
pile run-off characteristics might contain marginal concentrations of unionized ammonia and a few metals
above the Provincial Water Quality Objectives. Calculated salinity for the limestone was close to the salinity
of fresh water. Characteristics of water in the stormwater management pond are expected to have lower
levels of contaminants of potential concern when mixed with storm- and underground water. The stormwater
management pond will also receive discharge from sub-surface construction activities in which the
concentration of contaminants is not expected to be significantly elevated. The daily and reasonably constant
development routine (e.g. 2,500 tonnes waste rock per day development rate) suggests that there will not be
significant variations in the shaft water discharge and its quality. Planned routine monitoring underground will
provide advanced notification if there are increases in contaminant levels.
The stormwater management pond will be located as shown on Drawing H333000-WP404-10-042-0001
(Preliminary Safety Report, Chapter 17). Borehole investigations at the pond location (GOLDER 2012,
Section 5.9 (p.27), and Figures 4 and 5) have shown that there is at least 10 m of dense low-permeability
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(hydraulic conductivity ≈ 10-10 m/s) glacial till overlying the shallow carbonate bedrock aquifer. The glacial till
surface is located at a nominal elevation 180 mASL (metres above sea level). The pond invert elevation will
be set at 177 to 179 mASL (invert elevation will be confirmed with the detailed site grading plan), and thus
there would be a minimum of 7 m of glacial till separating the base of the pond and the underlying bedrock
aquifer.
The low concentration of these contaminants, coupled with the low permeability of the 7 m thick natural glacial
till liner beneath the pond, greatly reduces (and likely eliminates) risk of contaminating the underlying shallow
bedrock aquifer.
Stormwarer Management Pond
The stormwater management pond has a live water storage volume of approximately 10,000 m3. During
construction and operation phases, the pond will receive underground effluent daily. It is conservatively
assumed that the pond will receive underground effluent at a rate 21 L/s during the construction phase and
less than 2 L/s during the operational phase (refer to response to IR-LPSC-01-12). In the remote event that
pond discharge is closed, the pond has a nominal capacity during construction of approximately 6 days.
Similarly, under operational conditions the pond has a capacity of approximately 60 days. If a storm event(s)
were to occur, these retention times would be reduced.
Treatment
As stated in the Hydrology and Surface Water Quality TSD (GOLDER 2011a, Section 8.3.3.4), and described
above, the quality of water in the stormwater management pond will depend on the quality and volume of
flows to the pond. Mitigation may be required.
The most common explosive used in underground mining is ANFO, a mixture of 95% ammonium nitrate and
5% fuel oil, and is very soluble in water. If used improperly, the application of large amounts of ANFO in
underground mining can result in elevated ammonia and nitrogen concentrations in the mine water. However,
with proper care and attention when handling the explosives, it is possible to minimize concentrations of
ammonia and nitrogen in the mine water. Additional control of explosive emissions can be achieved through
the use of emulsion blends that are less soluble in water. Mitigation options are being pursued such as
different blasting material and better handling techniques.
However, one parameter that could be elevated during the summer months would be the unionized ammonia
levels in the stormwater pond. In the remote event that this should this be encountered, the typical treatment
method is aeration. This type of treatment is readily available and could be mobilized within the retention
periods mentioned above.
References:
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository
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(DGR). Memo from C. McRae to D. Barker. Enclosed with response to IR Package #2, CEAA Registry No.
523.
GOLDER. 2011a. Hydrology and Surface Water Quality TSD. NWMO DGR-2011-TR-04. (CEAA Registry
Doc# 299)
GOLDER. 2012. OPG’s Deep Geologic Repository for L&ILW. Soil Investigation for proposed Surface
Facilities, Kincardine, Ontario. Report No. 1011170042-REP-G2030-0002. (Enclosed – also used as a
reference in OPG’s response to Information Request No. EIS-03-54).

EIS-03-57

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide an evaluation of the effects of the waste rock management area (WRMA) and the stormwater
management pond on the elevation of the ground water table and local ground water flow regime.
Context:
The limestone waste rock pile will elevate ground level by 15 meters by the end of the construction phase.
The stormwater management pond is not lined and will increase the infiltration. Both of these features may
result in mounding of the water table and a local alteration of ground water flow directions.
OPG Response:
The Waste Rock Management Area (WRMA) and the stormwater management pond are not expected to
materially influence the groundwater table or near surface groundwater flow regime. Within the near surface,
the hydrostratigraphy of the project area is defined by low hydraulic conductivity (10-10 m/s) dense silt glacial
till (10 m thick) overlying Devonian age fractured carbonate bedrock of the Lucas or Amherstburg formations.
The hydraulic conductivity of the upper bedrock surface, which forms a confined fresh water aquifer used
outside the Bruce nuclear site perimeter, ranges between 10-7 to 10-5 m/s. Within the glacial till groundwater
hydraulic gradients are directed downward. Vertical downward groundwater velocities within the glacial till are
estimated on the order of centimetres per year. Groundwater recharge through the glacial till occurring
beneath the project area will enter the shallow bedrock aquifer and migrate horizontally (10-100 m/a) to a
point of shallow shoreline discharge into Lake Huron near MacPherson Bay.
Directly beneath the WRMA and stormwater management pond water table mounding is not expected to
exceed several metres in height. A change of such magnitude will not materially alter recharge rates through
the glacial till aquitard nor provide sufficient volume to lead to mounding of the potentiometric surface within
the permeable confined bedrock aquifer beneath the project area. This qualitative assessment will be
confirmed through the completion of 3-dimensional near surface groundwater system simulations and with
future hydraulic monitoring data gathered from a shallow bedrock monitoring well network (10 wells) to be
installed in 2012. As per correspondence with the JRP secretariat, the quantitative assessment will be
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submitted to the JRP by August 9, 2012.

EIS-03-57a
(Supplementary
response
submitted
August 9, 2012)



Section 8.1,
General
Information
and Design
Description

Information Request:
Provide an evaluation of the effects of the Waste Rock Management Area (WRMA) and the stormwater
management pond on the elevation of the ground water table and local ground water flow regime.
Context:
The limestone waste rock pile will elevate ground level by 15 meters by the end of the construction phase.
The stormwater management pond is not lined and will increase the infiltration. Both of these features may
result in mounding of the water table and a local alteration of ground water flow directions.
OPG Response:
Further to the initial response to Information Request EIS-03-57 (OPG 2012), a Technical Memorandum (TM)
that examines the influence of the Deep Geologic Repository (DGR) Waste Rock Management Area (WRMA)
and Storm Water Management Pond (SWMP) on the shallow groundwater regime is enclosed.
The TM describes a case study in which numerical groundwater simulations (MODFLOW) were performed to
assess the influence of surface recharge beneath the proposed WRMA and SWMP on the shallow
groundwater regime. The conceptual hydrogeologic model on which the numerical analyses were performed
is consistent with historical and recently-obtained geoscientific data from the DGR Project Area and vicinity.
The analyses were informed by the application of the HELP3 model that allowed a reasoned basis to
establish a water balance for the WRMA. Sensitivity analyses were performed to explore uncertainty and
provide an assessment of changes in groundwater hydraulic gradients and flow directions. Results indicate
that the operation of the WRMA and SWMP will not materially influence groundwater flow patterns within the
underlying shallow groundwater system.
References:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
Sykes, J.F. 2012. OPG DGR Project: Analysis of Shallow Groundwater Impacts. Technical Memorandum
DGR-TM-03400 (P). (enclosed)
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Information Request:
Provide a more detailed definition of “ignitable wastes”, as used in the category of excluded wastes in Table
4.5.1-3.
Context:
In Table 4.5.1-3 ignitable wastes are listed as an excluded waste. Amounts of wastes that can be incinerated
are of concern in evaluating the possible consequences of an accidental fire in the repository.
OPG Response:
Table 4.5.1-3 of the Environmental Impact Statement (EIS) provides a summary of the DGR waste
acceptance criteria. This summary table includes an entry for excluded waste types which lists, among other
categories, “ignitable wastes”.
The definition of “ignitable waste” in the DGR waste acceptance criteria is the same as that for the Western
Waste Management Facility waste acceptance criteria. It is stated as:
d) ignitable waste as defined in R.R.O. 1990 Reg. 347 under the Environmental Protection Act
(Ontario).
The definition given in the Ontario Environmental Protection Act, R.R.O. 1990, Regulation 347, General Waste Management, Last amendment O. Reg. 234/11 is as follows:
“ignitable waste” means a waste that,
(a) is a liquid, other than an aqueous solution containing less than 24 per cent alcohol by volume and
has a flash point less than 61° Celsius, as determined by the Tag Closed Cup Tester (ASTM D56-79), the Setaflash Closed Cup Tester (ASTM D-3243-77 or ASTM D-3278-78), the PenskyMartens Closed Cup Tester (ASTM D-93-79), or as determined by an equivalent test method
approved by the Director,
(b) is a solid and is capable, under standard temperature and pressure, of causing fire through
friction, absorption of moisture or spontaneous chemical changes and, when ignited, burns so
vigorously and persistently that it creates a danger,
(c) is a Class 2.1 Flammable Gas within the meaning of paragraph 2.14(a) of the Transportation of
Dangerous Goods regulations made under the Transportation of Dangerous Goods Act (Canada),
(d) is a Class 5.1 Oxidizing Substance within the meaning of paragraph 2.24(a) of the Transportation
of Dangerous Goods regulations made under the Transportation of Dangerous Goods Act
(Canada), or
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(e) is a Class 5.2 Organic Peroxide within the meaning of paragraph 2.24(b) of the Transportation of
Dangerous Goods regulations made under the Transportation of Dangerous Goods Act (Canada)
References:
Ontario. 1990. Environmental Protection Act, R.R.O. 1990, Regulation 347, General - Waste Management.
Toronto, Canada. (available at www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900347_e.htm

EIS-03-59

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Provide information regarding the system to be used for confirmation that waste is either low level or
intermediate level.
Provide the activity concentration range of the ILW to be emplaced in the DGR.

Context:
The descriptions of low level waste and intermediate level waste on pages 4-18 and Table 4.5.1-3 do not
include clear and unambiguous descriptions of the ranges of radioactivity to be used to categorize each type
of waste. Furthermore, the text does not include an explanation of how the categorization of each container
will be confirmed.
The ILW is described in terms of categories, volume, radionuclide inventory etc. However, there appears to be
no data on the activity concentration of the different waste forms.
OPG Response:
(a) Confirmation of Waste Type
CSA Standard N292.3 (CSA 2008) has the following descriptions of LLW and ILW:
“Low-level radioactive waste (LLW) contains material with radionuclide content above established clearance
levels and exemption quantities, but generally has limited amounts of long-lived activity. LLW requires
isolation and containment for periods of up to a few hundred years. LLW does not generally require significant
shielding during handling and interim storage.”
“Intermediate-level radioactive waste (ILW) typically exhibits levels of penetrating radiation sufficient to require
shielding during handling and interim storage. ILW generally requires little or no heat dissipation during its
handling, transportation, and long-term management. However, because of its total radioactivity level, ILW
might require consideration of the implications of short-term heat generation.”
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OPG’s use of these terms at its Western Waste Management Facility (WWMF) is consistent with the CSA
descriptions, with the key differentiating aspect being the need for shielding.
Radioactive waste received at WWMF is either placed directly into storage or placed into storage after
processing. At the time of storage, the waste is defined as either low-level or intermediate-level based on the
waste package’s external dose rate, and in some cases the package type.
All waste packages with a contact dose rate exceeding 10 mSv/hr are considered to be ILW. Waste
packages with a contact dose rate up to10 mSv/hr are generally considered to be LLW, however, some waste
package types (e.g., resin liners) are always considered to be ILW, independent of the contact dose rate,
because they are stored in structures designed for ILW.
From the DGR perspective, the distinction between LLW and ILW is less important than the waste type. The
radioactivity of each waste type has been measured by various methods, including radiochemical analysis
and gamma spectroscopy of representative samples. For DGR analyses, the total radionuclide inventory is
then determined by the total number of packages of each waste type.
For example, ion exchange resins are used for cleanup of the reactor coolant system. This waste is
segregated in special tanks at the stations. The radioactivity of this waste type has been measured by
radiochemical analysis and gamma spectroscopy of representative samples. It can contain significant
quantities of long-lived radionuclides and have high dose rates, and therefore is classed as ILW. Transfer
from the station tanks to WWMF is handled in a well-defined manner with specific ILW resin containers,
shipment notification, and dose rate checks. The classification is affirmed on arrival at WWMF through the
documentation, the waste package type, and dose rate checks. The resin containers are then placed in
designated storage areas at WWMF for ILW resin wastes. On retrieval of these waste containers for transfer
to DGR, the waste type would be known from the OPG Integrated Waste Tracking System, from the waste
location (ILW storage area at WWMF) and waste container type at WWMF, and from dose rate checks at the
time of transfer.
(b) Activity Concentration Range for ILW
The radionuclide concentrations for the various LLW and ILW are given in Appendix B of the Reference
Inventory report OPG (2010). For example, the highest C-14 concentrations are in ILW moderator IX resins
and in pressure tubes, at about 3x1012 Bq/m3. These concentrations are based on as-received at WWMF.
The concentrations for specific packages at any specific future date, notably at time of transfer to DGR, can
be decay-corrected by the OPG Integrated Waste Tracking System.
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CSA. 2008. Management of low- and intermediate-level waste. Canadian Standards Association. N292.3-08.
March 2008.
OPG. 2010. Reference Low- and intermediate- Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation 00216-REP-03902-00003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-03-60

 Section 8.3,
Operations
 Section 11.5.6,
Human Health

Information Request:
Provide the rationale behind contingency planning measures for potential placement of portable refuge
stations in underground locations other than the main and ventilation shaft stations.
Context:
On page 4-12, the EIS states that: “…amenities (in close proximity to the shafts) …include a
lunchroom/refuge station” and “In addition, there is a provision for placement of portable refuge stations in the
panel access tunnels.” This indicates that there will exist two refuge stations, each close to one of the two
shafts.
Any accident that may result in closure of either access tunnel could potentially block off retreat by personnel
to shaft-located refuge stations, or even upstream-located access tunnel sites where portable refuge stations
may be located.
OPG Response:
The use of portable refuge stations in the DGR was initially considered during the conceptual design as the
emplacement rooms did not have flow-through ventilation and there was only a single egress route to the
shaft refuge stations from each panel via the panel access tunnel (note: the OPG letter dated February 10,
2012 (OPG 2012) shows the revised repository layout where the two refuge stations at the shafts were
combined to a single refuge station). In the event that the panel access tunnels were obstructed, the portable
refuge stations were available.
The current repository layout provides multiple means of egress from the emplacement panels through the
use of adjacent empty emplacement rooms and the exhaust ventilation tunnels. However, the portable refuge
stations remain to provide a shorter route to safe refuge. The pre-closure safety assessment has assumed
that safe refuge can be reached within 5 minutes of notification of an emergency event.
The initial location of the portable stations would be at the furthest extent of the panel access tunnels.
Providing portable stations allows them to be moved along the panel access tunnels as emplacement rooms
are filled, thus reducing travel time and not requiring passage in front of filled emplacement rooms. Figure 628 of the Preliminary Safety Report shows the initial placement of the portable refuge stations during the
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References:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Updated Information in Support of OPG’s Licence
Application for a Deep Geologic Repository for Low and Intermediate Level Waste”, CD# 00216-CORR00531-00101, February 10, 2012.

EIS-03-61

 Section 8.3,
Operations
 Section 11.5.6,
Human Health

Information Request:
The room dimensions appear to been chosen only on the basis of the stacking and placement capabilities of
the transport equipment and sizes of the packing containers.
Provide detail concerning the use of inferred ground stress conditions (magnitudes and orientations) and
planned excavation dimensions/geometries for the selection of safe structural design features of
emplacement rooms.
Provide justification for the selection of emplacement room dimensions, and potential variance in width and
height features by up to 1.4 m and 1.2 m, respectively between such rooms
Context:
On page 4-12, the EIS states: “Emplacement rooms are arranged parallel to expected stress conditions and
are dimensioned to maximize packing efficiencies … The dimensions of the emplacement rooms vary 1.4 m
in width and 1.2 m in height with nominal dimensions being 8 m wide and 7 m high.”
If the dimensioning of rooms is highly variable, large differences in post-mining stress concentration can
develop about these excavations that could also result in variability in the size of the Excavation Damage
Zone about the emplacement rooms and the types of damage/failure within the rock that could develop.
OPG Response:
There are 31 emplacement rooms located in two panels (see the updated Figure 6-7 of the Preliminary Safety
Report (PSR) provided with OPG Design Updates Letter dated Feb. 10, 2012 [OPG 2012]). Room
dimensions have generally been standardized to 8.6 m wide by 7.1 m high (OPG 2012). Exceptions are the
gantry emplacement rooms which are 8.4 m wide by 5.4 m high. The emplacement rooms are 250 m long.
Emplacement room dimensions have been determined based on:




Waste package emplacement requirements;
Health and safety considerations, i.e., difference in egress time from rooms, radiation protection
considerations, and operational time span for a given room;
Ability to place the repository within the lower member of the Cobourg formation; and
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Capital and operating costs, e.g., standardized room dimensions allows operational flexibility.

To minimize overstressing in the roof rock and rock support requirements, emplacement rooms have been
oriented to be parallel to the direction of the major horizontal in-situ stress which has been inferred from the
regional in-situ stress database and the observed borehole wall deformation in DGR boreholes (PSR, Section
4.2.4). Geomechanical analyses have been performed and demonstrate that emplacement rooms will be
stable over the operational period. Analyses also show that the orientation of the rooms relative to the major
principle stress orientation can vary +/- 30° without significantly impacting stability of emplacement rooms.
A comprehensive geomechanical characterization program has been carried out (PSR, Section 4.2) and
findings provided input to geomechanical modeling of planned excavations. The following is a summary of
the main findings of the program:


The Cobourg Formation is very competent and massive with high Rock Quality Designation (RQD)
and Unconfined Compressive Strength (UCS) values.



The values of geomechanical parameters for the Cobourg Formation determined from site specific
testing agree favourably with the regional database assembled. The only exception being that UCS
values for the site are significantly higher than those for the region.



Borehole observations indicate that the Northeast (NE) to East-northeast (ENE) orientation of the
maximum horizontal stress at the site appears to be similar to the stress orientation in the Michigan
Basin and to the general trend of in-situ stresses in eastern North America.



Stress analyses to evaluate estimated horizontal magnitudes were carried out, assuming that one
principal stress is vertical (σV). The absence of breakouts observed in the deep DGR boreholes
permits the setting of an upper bound on the allowable maximum horizontal stress magnitude. At the
repository horizon, the range of stress ratios is estimated to be: σH/σV from 1.5 to 2.0; σh/σV from 1.0
to 1.2. (σH and σh are the maximum and minimum horizontal in situ stresses, respectively).

It is possible that the geometry and orientation of emplacement rooms, as well as the rock excavation
process, will result in variability in the size of the Excavation Damage Zone (EDZ) in the emplacement rooms
and the types of damage/failure within the rock. However, this variability will not adversely affect stability of
rooms and safety of workers. Since engineered sealing materials are not intended to be placed in the
emplacement rooms, it would not be necessary to control the size of EDZ to the same degree as in the shafts.
Regardless, controlled drill and blast techniques will be employed for all lateral development.
References:
OPG. 2012. OPG Letter, Albert Sweetnam to Stella Swanson, “Updated Information in Support of OPG’s
Licence Application for a Deep Geologic Repository for Low and Intermediate Level Waste”, CD# 00216CORR-00531-00101, February 10, 2012 (CEAA Registry Doc# 336).
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Information Request:
Provide information relating to the emplacement strategy for “large and heavy packages into the first three
emplacement rooms of the panel” as referred to in Section 4.4.2.3, page 4-12 of the EIS.
Describe the planned sequence of placement of Low Level and Intermediate Level Waste, both temporally
and spatially, within the two Panels of the DGR.
Context:
Section 4.4.2.3 of the EIS, on page 4-12 states: “A portion of the Panel 1 access tunnel will have rail
embedded in the concrete floors to allow movement of rail carts loaded with large and heavy packages into
the first three emplacement rooms of the panel.”
The layout illustration (Figure 4.4.2-1, page 4-11) indicates that Panel 1 will be comprised of 14 emplacement
rooms while Panel 2 will be comprised of 17 rooms.
OPG Response:
The transfer of large and heavy packages is described in the Preliminary Safety Report (PSR), Section
6.5.3.3, Group B Waste Package Transfer and Emplacement. In summary, the wastes are transported to the
emplacement rooms with rail carts and off-loaded into position with the use of an in-room gantry crane.
The placement of waste in the repository has taken into consideration the existing inventory of wastes, as well
as, future waste generation through the operating phase of the DGR (refer to PSR, Section 6.13, Access
Tunnel Closure Walls). Based on current plans, Panel 2, consisting of 17 emplacement rooms, will be filled
first with the existing inventory of waste at the Western Waste Management Facility (WWMF) in the first 5 - 10
years. The balance of waste that is generated during the operating period of the DGR will be placed in Panel
1. The first 3 emplacement rooms closest to the shafts of Panel 1 are open and available for large and heavy
packages over the duration of the DGR operations period.
Spatial placement has considered the varying packaging arrangement of wastes and the current storage
practices at the WWMF. There are six (6) room profiles that have been developed to maximize the packing
efficiencies of the various package types. In most cases, rooms will house various package configurations.
Packing optimization and placement scheduling will be further developed through the operating phase of the
DGR.
Additional information on the types and quantities of wastes, transfer techniques and emplacement
orientations is provided in PSR, Section 6.4, DGR Waste Package Inventory, and Section 6.5, Transfer
Equipment and Emplacement Operations.
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Information Request:
Explain in more detail the basis for the selection of an asphalt mastic mix as a secondary shaft seal and
provide an analysis of the additional chemicals of concern that may be produced by the seal and migrate to
groundwater (to deep saline groundwater or upwards to shallower groundwater zones).
Include information of potential chemicals of concern and migration in an evaluation of the current uncertainty
analysis of the postclosure assessment, including the assumptions used with respect to any migration of
chemicals of concern from the asphalt. Re-evaluate with respect to the so-called “confidence building”
assumptions as per Table 3.5.
Context:
Page 4-77 of the EIS states that the placement of a 60 m thick asphalt column over a length of the Georgian
Bay Formation to just above the Queenston/Georgian Bay contact was apparently selected because “it has
the ability to flow and make good contact with host rock.”
There is no explanation of why this particular section of the shaft requires a secondary asphalt seal. The
uncertainty analysis of the postclosure assessment requires a discussion of the fate and potential transport of
the hydrocarbon-related chemicals of concern in asphalt. Furthermore, alternatives to the use of an asphalt
seal must be discussed.
OPG Response:
The response is provided in four parts:
1)
2)
3)
4)

Selection of asphalt mastic mix as secondary shaft seal
Alternatives to asphalt seal
Potential chemicals of concern from asphalt
Confidence building in the use of asphalt seal.

1. Selection of Asphalt Mastic Mix as Secondary Shaft Seal
The reference asphalt mastic mix is a low-porosity mix of asphalt compounds and aggregate. The reference
mixture contains 70% (by weight) silica sand, 20% asphalt and 10% hydrated lime (QUINTESSA and
GEOFIRMA 2011, Section 4.4.3). The mixture specification is based on the U.S. Waste Isolation Pilot Plant
(WIPP) design for shaft sealing system, which includes an approximately 40-m asphalt column (WIPP 2010,
Section A2.3; WIPP 2011, Section 4.3.1.4). The high asphalt content (which makes this an asphalt mastic
mix rather than an asphalt concrete mix) provides the sealing, the aggregate provides mechanical support,
and the lime helps suppress microbial degradation. The resulting asphalt mixture has many desirable
properties: low hydraulic conductivity, ability to heal if deformed (visco-plastic), good contact with the rock,
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resistance to most acids, salts and alkalis, highly waterproof, and durability.
Bentonite-sand is the primary shaft seal because of its desirable seal properties, and because it has greater
assurance of long-term durability as it is a natural material that is commonly many millions of years old. The
asphalt mixture has been proposed as a secondary shaft seal to complement the primary bentonite-sand
mixture (PSR, Section 13.6.3.1). In particular, use of a section of seal with a different chemical composition
provides an additional level of redundancy to the sealing system, reducing the risk of some unanticipated
process causing failure of the entire shaft seal system. Asphalt has the ability to seal, and to flow and make
good contact with host rock. Immediately upon emplacement, the asphalt will create an effective barrier to
water flow.
In principle, in order to have a substantive effect on transport, this seal should be thick, and be located within
the primary shale caprock barrier. The reference shaft seal design has a 60-m asphalt section located along
a length of the Georgian Bay Formation to just above the Queenston / Georgian Bay contact. This location
has been selected because it allows the asphalt mixture to help seal against potential inflows at the contact
between the Queenston and Georgian Bay Formations, and because it will be compatible with the expected
hydrocarbon bearing layers of the Georgian Bay Formation (PSR, Section 13.6.3.1). The exact location and
thickness of the asphalt seal have not yet been optimized.
2. Alternatives to Asphalt Seal
The option of not using an asphalt seal was considered in the postclosure safety assessment (QUINTESSA et
al 2011, Section 7.3.5.3). The calculation cases (NE-GT4 and NE-GT5) considered the replacement of the
asphalt column with bentonite-sand seal in the shafts, and were based on the high gas generation case NEGG1. The results show no significant effect on overall gas pressure, gas fluxes or contaminant transport.
Therefore, the asphalt seal layer is not required for shaft seal performance under expected conditions. Its
value is as an independent material that could provide confidence in the shaft performance under unexpected
conditions where the performance of the bentonite/sand seal is degraded.
Alternatives would be to replace it with the reference bentonite/sand seal or with 100% bentonite seal. This
decision does not need to be made for several decades, and will be informed by long-term seal material tests
that can be undertaken under in-situ conditions, as outlined in Section 2.2.8 of the Geoscientific Verification
Plan (NWMO 2011).
3. Additional Chemicals of Concern from the Asphalt Mixture
Asphalt (bitumen) is insoluble in water and can act as an effective waterproofing sealant. It also resists action
by most acids, alkalis and salts and does not contaminate water, so it can be used to line watercourses. It
has been used for many years as a seal in fish hatcheries and drinking water reservoirs, and other
environmental protection applications (Asphalt 2004).
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Short term tests were performed to study the leaching of polycyclic aromatic hydrocarbons (PAHs) from
bitumen and asphalt concrete in pH 4 water (Brandt and de Groot 2001). The asphalt concrete was made
from commercially available bitumen, 7.9% by weight. The aqueous concentrations reached equilibrium
levels within a few days. The result indicated that generally only the higher water soluble PAHs with 4 rings or
less could be found in concentrations above 0.1 ng/L. Naphthalene had the highest concentration, with
aqueous concentrations of 30-50 ng/L (Brandt and de Groot 2001). Aqueous concentrations of
acenaphthene, fluorine and phenanthrene were less than about 4 ng/L (Brandt and de Groot 2001). These
values are very low, well below the Canadian environmental quality standards in groundwater, i.e., 7 µg/L for
naphthalene, 4.1 µg/L for acenaphthene, 120 µg/L for fluorene, and 0.1 µg/L for phenanthrene (Table 1 of
MOE 2011).
The pore water in the shaft and surrounding rock will be significantly less acidic than that of the leaching water
used by Brandt and de Groot (2001) and so even lower PAH concentration can be expected. Furthermore,
the asphalt in the shafts will be located within low permeability rock and surrounded by low-permeability
bentonite-sand seals, so the transport is diffusion-dominated and any leachate generated from the limited
degradation of the asphalt will be localized near the asphalt seals.
4. Confidence Building in the Use of Asphalt Seal
The following attributes provide confidence in the use of asphalt:






Asphalt is a common construction material with well-known physical and chemical properties.
Asphalt is used extensively and safely in surface environments (e.g., road paving, roof shingles, and
waterproofing) with no contamination concerns.
Calculations presented in Section 4.5.5 and Appendix E.6 of QUINTESSA (2011) indicated that, even
over the long timescales of the postclosure safety assessment, the chemical degradation of the
asphalt seal will be limited.
Equilibrium PAH concentrations in the leach water from the asphalt are expected to be below the
Canadian environmental quality standards in groundwater.
The asphalt in the shafts will be located within low permeability rock, and surrounded by lowpermeability bentonite-sand seals, so the transport is diffusion-dominated, and any leachate that
might be generated from its chemical degradation will be localized near the asphalt seals.

In conclusion, given the extensive safe use of asphalt in surface environments, information on limited leaching
of asphalt, and the low-permeability location of the asphalt seal, leachate from the asphalt seal is not of
concern. Furthermore, an asphalt seal is not required for shaft performance. It can be replaced with the
reference bentonite/sand seal or with 100% bentonite seal, to be informed by long-term seal material tests
that can be undertaken under in-situ conditions.
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EIS-03-64

 Section 8.5,
Decommissioni
ng

Information Request:
Assess the durability of concrete bulkheads (in shaft seals and repository rooms), asphalt seals, and
bentonite sand seals for the duration of the operational phase and extending into the postclosure phase.
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Include references to experience in other relevant settings. Include these estimates in an evaluation of the
current uncertainty analysis of the postclosure assessment. In particular, explain how assumptions used with
respect to the life-span of these materials contribute to the confidence in the postclosure assessment as per
Table 3.5.
Context:
The purposes of the materials in the shaft sealing design include structural support and prevention of
movement of poor quality, saline groundwater from the lower Salina Formation and other sources into the
upper fresh water aquifer (EIS: page 4-77).
These purposes are important – particularly during the period required for a tight shaft seal to be produced
(this period is unspecified in the EIS). Evidence is required to demonstrate that the bulkhead integrity would
be sufficient to manage risks associated with migration of poor-quality groundwater until such time as a tight
seal has been produced.
OPG Response:
During the operational phase, there will be concrete plugs in the access tunnels to isolate panels of filled
rooms, but no bulkheads on the rooms. At the time of closure, a concrete monolith will be installed around the
bottom of the shafts, concrete bulkheads will be installed in the shaft at specific locations, and the rest of the
shaft filled up to about 191 mBGS (metres below ground surface) with bentonite-sand seals and, in one
location, an asphalt seal. Note: The top ~179 m of the shaft will be filled with engineered fill and then capped
by concrete. There will be ~12 m thick concrete bulkhead between the engineered fill and the bentonite-sand
seals.
The response is provided in the following parts:
1)
2)
3)
4)
5)

Protection of upper fresh water aquifer
Durability of concrete bulkheads, asphalt seals and bentonite-sand seals
Experience in other relevant settings (including natural analogues)
Shaft seal performance in the postclosure assessment
Summary.

1) Protection of upper fresh water aquifer
One purpose of the shaft sealing system is to prevent flow of poor quality saline groundwater from lower
formations upward via a shaft into the upper freshwater aquifer.
During operational phase, the shafts will be concrete-lined. There will be cut-offs provided at the base of the
upper aquifer and then sealed to prevent potential water seepage along the rock- liner interface. There will be
cutoffs and seals at other locations where potential water seepage pathways may occur. The current design
348

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
assumes cementitious grout seals.
At the time of closure, the concrete liner up to the base of the upper aquifer will be removed. In particular, a
thick upper concrete bulkhead will be installed below the upper aquifer, at the top of the Silurian Formations at
about 185 mBGS (QUINTESSA and GEOFIRMA 2011, Section 4.3.2). This bulkhead will be underlain by
about 130 m of low permeability bentonite/sand seal to prevent the upward movement of saline water from the
permeable Salina A2 Formation. Concrete bulkheads will also be installed at closure at the Salina A2 and
Guelph Formations, and further bentonite-based seals emplaced between these. The concrete bulkheads will
provide immediate low permeability, until the bentonite/sand seal swells and produces a further long-term tight
seal.
For structural stability, the bulkheads will be constructed to a height larger than the diameter of the excavated
shaft (Preliminary Safety Report (PSR), Section 13.6.3.1), and will be keyed into the adjacent rock. The
specific design of the bulkhead will be finalized as part of the decommissioning planning, taking into
consideration data obtained during the shaft excavation and from subsequent monitoring during operations.
Within the upper ~180 m shallow groundwater system, there is a transition in groundwater salinity. This
transition is from brackish water in the lower Bass Islands and Bois Blanc Formations, to fresh water in the
upper Amherstburg and Lucas Formations (INTERA 2011, Section 4.5.1.1). This reflects the contact of water
flowing laterally through the permeable Bois Blanc with the saline Salina Formations along the length of the
groundwater flow system, diluted by the freshwater flowing in to the shallow groundwater system from the top.
The sealed shaft will not change these conditions.
2) Durability of Concrete Bulkheads, Asphalt Seals, and Bentonite-Sand Seals
The reference shaft seal design is based on a combination of durable, low-permeability bentonite, concrete
and asphalt materials. The primary seal is 70/30 wt% bentonite-sand mixture that balances sealing and
mechanical properties. The concrete is a low heat high performance concrete, using a sulphate-resistant
cement and with lower-pH than conventional cement. The asphalt mix is a low-porosity mix of 20% bitumen
with 70% aggregate for mechanical strength and 10% lime to minimize microbial degradation.
The characteristics and experience with bentonite/sand seals is summarized in Box 2 of Section 8.6.2.9 of the
PSR. In addition, the long-term evolution of the shaft seal materials are discussed in Sections 4.5.3, 4.5.4,
and 4.5.5 of QUINTESSA (2011), respectively for concrete, bentonite-sand, and asphalt. Table 4.2 of
QUINTESSA (2011) summarizes anticipated long-term evolution of the shaft seals and is repeated below in
Table 1. The assessment time scale for postclosure safety assessment is 1 million years. Details of the
assessment of chemical degradation of the shaft seal are provided in Appendix E of QUINTESSA (2011).
The structural evolution of the sealed shaft was also informed by the geomechanical analyses, which modeled
the rock around the shaft in response to the stress relief, ice-sheet loading and unloading, gas pressure, and
seismic shaking (NWMO 2011a, Section 6.4.3).
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Table 1: Long-term Evolution of Shaft Seals
Feature

Evolution

Concrete
Monolith

The monolith is located in very low permeability rock. Reaction with the host
rock porewater will be limited by the rate of diffusion of reagents. It is
anticipated that physio-chemical degradation of the monolith will be limited
over assessment timescales. There is most likely to be some carbonation
(armouring) and sulphate attack of the external surfaces exposed to CO2 gas
and water in the DGR and the shaft EDZ. Sulphate attack and mechanical
stresses may result in some cracking.

Bentonite-Sand

No significant alteration/degradation of the bentonite-sand over the
assessment time scale, except where it contacts the concrete bulkheads. Here
up to 1 m of chemical alteration is likely. Although this will result in a local loss
of swelling pressure and cracking of the bentonite-sand, it will not significantly
affect the overall performance of the seal, since the majority of the seal will be
unaltered.
Over assessment timescales, there will be some Ca-K exchange, which will
result in a reduction in the swelling pressure. However, this is not anticipated to
significantly reduce seal performance.

Asphalt Mix

No significant alteration/degradation of the asphalt mix with assessment
timescale.

Concrete
Bulkhead

Although the bulkheads are in contact with relatively more permeable
geological formations than the monolith, the head gradient is low and
groundwater flow is slow and so degradation will be limited. It is anticipated
that similar to the monolith, alteration will be dominated by carbonation and
sulphate attack. Sulphate attack and mechanical stresses are anticipated to
result in cracking. The extent of cracking may be greater than for the monolith,
which is a much larger feature.

3) Experience in Relevant Settings
Repositories and Other Human Experience
Bentonite is widely used as a sealant and an absorbent in a variety of industrial applications, including
groundwater control. Bentonite/sand is a sealing material that is widely specified within waste management
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organizations. Within Canada, there is experience with using bentonite-sand as seals in the AECL
Underground Research Laboratory Buffer-Container Experiment Test, Isothermal Test, Tunnel Sealing
Experiment (TSX), and the Enhanced Sealing Project (ESP) (Dixon et al. 2002, Martino et al. 2007, Martino et
al. 2011, and Dixon et al. 2011).
There is also experience in low–heat high performance concrete bulkheads designed to work with bentonitesand seals in the TSX and ESP (Dixon et al. 2011 and Marino et al. 2011).
The reference asphalt mastic mix is a low-porosity mix of asphalt compounds (bitumen), aggregate and lime.
The mixture specification is based on the U.S. Waste Isolation Pilot Plant (WIPP) design for their shaft seal
(WIPP 2010, Section A2.3). This asphalt mix is related to the widely-used asphalt used on roads, but has
more bitumen (20% versus 5-7%). Bitumen has also been used to solidify IX resins and sludge in
underground repositories (e.g., Olkiluoto in Finland and SFR in Sweden).
These materials have also been used by people in various applications that illustrate their durability on
thousand-year timescales. For example, an ancient tomb in China contained a well-preserved body and other
soft objects (food, wood and silk) due to the clay lining (a few metres thick) placed deliberately in the burial
chamber and totally enclosing the coffin (p. 124 of Miller et al 2000; p.21 of IAEA 1999). This clay lining
prevented ingress of air and water for over 2000 years.
Due to its good waterproofing ability, natural bitumen has been used by people for more than 5000 years
(Miller et al. 2000, Section 4.7).
Cementitious materials used nearly 9,000 years ago have survived intact to the present day (WIPP 2000,
Section 4). These materials include lime mortars and cements used between 8,800 and 4,000 years ago, and
concretes used between 3,000 and 800 years ago. Many of the concretes have survived over such long
periods, despite its exposure to more aggressive surface environment (e.g., wet and dry cycles, and freezethaw cycles) than those at the deep geologic repository. An archaeological analogue of cement-based
materials can be found in the Roman mortars used in Hadrian’s Wall 1700 years ago (Miller et al. 2000,
Section 4.6). The Wall still contains substantial amounts of calcium silicate hydrate (C-S-H) compounds,
which are the main hydration products of Portland cement. Other ancient examples include a floor slab in an
ancient village in Israel (8850 years old), Egyptian pyramid mortar (4500 years old), a water tank in Greece
(3000 years old), the Pantheon (1800 years old), and Roman roads built 1500 years ago (WIPP 2000, Table
1).
Natural Analogs - Bentonite-Based Materials
Bentonite clay is a stable material formed naturally from volcanic ash, and typically is millions of years old.
The reference bentonite material for the DGR shaft seal is MX-80, which is from deposits in the western USA
that were formed about 100 million years ago.
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Another example of the longevity of the clay materials is the natural bentonite bed at Kinnekulle, Sweden
(Pusch et al. 1998, Section 3.3). The bentonite was formed over 400 million years ago. The percentage of
smectite (swelling clay) in this bentonite bed ranges from 30-50% after millions of years (Inoue et al. 1990),
even with some exposure to the thermal effect of igneous intrusions occurring 300 million years ago. This
thermal effect will not occur in the DGR shaft seals over time scales relevant to the DGR, which would be at
natural rock temperatures of around 18-20°C.
One well-known natural analog example of the long-term isolating capacity of clay materials is the Fossil
Forest of Dunarobba, Italy (Box 9 in Section 4.5 of Miller et al 2000; p.21 of IAEA 1999). The sequoia-like
trees in Dunarobba forest were buried in clay for about 2 million years. The low permeability clay minimized
the flow of water to the trees, preventing them from decomposing. The hydraulic conductivity of the clay layer
is in the range of 2x10-13 to 2x10-10 m/s (p.121 of Miller et al 2000). This is comparable to the reference
hydraulic conductivity value for bentonite/sand seal of 1x10-11 m/s (QUINTESSA and GEOFIRMA 2011, Table
4.22).
The clay layer around the 1.3 billion year old Cigar Lake uranium ore body is another example. This clay
helped preserve this ore from the groundwater in the surrounding permeable sandstone (Miller et al 2000,
Section 4.2).
In summary, natural clay barriers can form effective barriers for time periods of millions of years. Natural clay
barriers have been effective for time scales of at least 1 million years even at thicknesses of around one
metre (e.g., Dunarobba fossil trees, Cigar Lake ore body). The thickness of the bentonite-based materials in
DGR shafts is much thicker, about 375 m total.
Natural Analogs - Asphalt-Based Materials
Asphalt is durable natural material. Natural bitumen (also known as asphalt) is found in a number of locations
indicating that it is stable even under near-surface conditions including water saturated environments for at
least tens of thousands of years (Section 4.7 of Miller et al. 2000; p.32 of EU 2006).
One example is the Athabasca oil sands located in McMurray Formation, Alberta, which is the largest known
reservoir of crude bitumen in the world. The McMurray formation is of early Cretaceous age. The formation is
presently composed of numerous lenses of unconsolidated oil-bearing sand interspersed with clay and shale
partings of variable thickness, carbonaceous and lignite beds, some rock and boulders. Recent isotopic
studies attribute the oil deposits to be about 112 million years ago (Selby and Creaser 2005).
The asphalt pits at Rancho la Brea, California, and Talara, Peru, and the asphalt lakes of Trinidad and
Guanoco, Venezuela, have preserved animal bones and wood (Miller et al. 2000, Section 4.7). For example,
pre-historical animals became trapped and preserved in asphalt pits at Rancho la Brea between 10,000 and
40,000 years ago near the end of the last Ice Age.
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In addition, natural bituminous materials found at Oklo, Gabon, indicate that bitumen can enhance
radionuclide retention (p.32 of EU 2006).
Natural Analogs - Concrete-Based Materials
Naturally occurring C-S-H compounds - a key element in cement - can be found from County Antrim, Northern
Ireland (p. 131 of Miller et al. 2000). The metamorphosed flints are surrounded by C-S-H minerals and other
minerals near a dolerite plug. The C-S-H compounds formed during hydrothermal alteration of the
sedimentary rock before the intrusion of the dolerite. This implies that the C-S-H compounds have been stable
for about 58 million years, the age of the dolerite intrusion.
4) Shaft Seal Performance in the Postclosure Assessment
Although the shaft seal system is designed to have a low-permeability, its permeability is not as low as that of
the host rock and therefore the shafts are recognized to be the main pathway for any contaminant release
from the repository. Uncertainties in the properties of the seals are, therefore, potentially important. They are
considered within the postclosure assessment as follows.
Seal properties
The permeabilities of the seal materials were assigned values as discussed in the Postclosure Safety
Assessment: Data report (QUINTESSA and GEOFIRMA 2011, Section 4.5.2). In particular, fresh concrete
has hydraulic conductivity in the range of 10-12 to 10-14 m/s, but a value of 10-10 m/s was used in the
postclosure assessment to represent degraded concrete. The bentonite-sand seal hydraulic conductivity
could be as low as 10-12 m/s, but assuming the seals equilibrate with the surrounding saline groundwaters, the
value of 10-11 m/s was used in the postclosure assessment. The range of asphalt mix hydraulic conductivities
reported by WIPP was 10-11 to 10-14 m/s; a value of 10-12 m/s was adopted for the postclosure assessment.
Normal Evolution Scenario variant case
Within the Normal Evolution Scenario, the effect of higher permeabilities in the shaft seal materials was tested
(PSR, Section 8.8.2.7). In particular, in calculation case NE-GT5, the hydraulic conductivities of all shaft seals
were set to 10-10 m/s and the gas entry pressures were reduced by a factor of two. (In addition, the metal
inventory, the metal corrosion rates and the organic degradation rates were increased for this case compared
with the reference case). The results showed that the repository retained the radioactivity, with peak doses
remaining more than five orders of magnitude below the dose criterion.
Shaft Seal Failure
The uncertainty surrounding the performance of shaft seal is bounded by the unlikely Severe Shaft Seal
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Failure Scenario (PSR, Section 8.7.2). In this scenario, the entire 500 m of shaft seals were assumed to
immediately degrade to about 10-9 m/s hydraulic conductivity, which is higher than the measured range for
these materials. The case also included reduced sorption in the shafts, increased degradation of shaft
damaged zone, and assumed that a family was farming directly on top of the shafts (including a house located
on the main shaft). In the “what if” extra degradation case, the entire shaft seals were assumed to degrade to
about 10-7 m/s hydraulic conductivity, corresponding to a fine silt and sand mixture.
In the base case, the peak calculated dose rate could reach 1 mSv/a. With the extra degradation case, the
peak calculated dose rate increased to tens of mSv/a. In both these cases, the dose is due to C-14 carried
with free gases breaking through to the shallow groundwater zone and surface. The repository models
assume that C-14 is readily released from the wastes, and do not include any significant loss of C-14 by
exchange or mineralization. The peak dose rates from shaft failure become much less than 1 mSv/a after
about 60,000 years due to the decay of C-14.
5) Summary
The combination of materials used in the shaft seal design provides an immediate short-term low permeability
barrier to ensure protection of the freshwater aquifer from deeper saline waters, and a long-term low
permeability barrier to contain the radioactivity in the repository. The postclosure assessment, through
conservative values and through testing the effects of uncertainty in the seal permeability, shows that the
repository and shaft seals effectively contain the radioactivity.
The key radionuclide with respect to shaft seal durability is C-14, which can be present in the gas phase. A
shaft seal durability of at least 60 thousand years, therefore, ensures decay of most of the C-14 (at least ten
half-lives). The shaft seal design is based on durable materials, with the bulk of the sealing provided by
bentonite with a demonstrated natural durability of millions of years.
The shaft seal detailed design does not need to be finalized for several decades, and will be informed by longterm seal material tests undertaken under in-situ conditions, as outlined in Section 2.2.8 of the Geoscientific
Verification Plan (NWMO 2011b).
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EIS-03-65

 Section 9.3,
Valued
Ecosystem
Components

Information Request:
List the criteria used to evaluate and screen the proposed list of VECs in the EIS Guidelines as well as
additional VECs suggested via the public consultation program or via input from the assessment team.
Explain how these criteria were used to produce the final list of VECs for each discipline (presumably from a
longer candidate list).
Explain if different sets of criteria were used for different disciplines and if so, the rationale for the specific sets
of criteria/discipline. Provide the evaluation of the suggested VECs for each discipline in a table and/or
narrative text.
Provide an explanation for the absence of provincially significant plants or wildlife in the list of terrestrial VECs
presented in Table 6.4.2-1 of the EIS.
Context:
Section 9.3 of the EIS Guidelines states: “The EIS must describe the general criteria used to identify VECs
that may be affected by the project. This list of VECs should be modified as appropriate by the proponent in
the EIS, following consultations with the public, Aboriginal people, federal and provincial government
departments and relevant stakeholders, including those comments received by the Canadian Environmental
assessment Agency and the Canadian Nuclear Safety Commission during the April 4 to June 18, 2008
comment period.”
The EIS does not provide general criteria used to identify VECs, nor does it provide any discipline-specific
screening of VECs from a longer list of potential VECs derived from public consultation and professional
judgment. The usual practice is to produce long-lists of VECs according to criteria such as relative presence
or abundance in the study area, potential for exposure to stressors, sensitivity to stressors, knowledge base
about the VEC that would allow confident assessment of effects, and social/cultural/spiritual/economic
importance. It is noted that the rationale for each VEC selected is presented in the EIS and/or TS for the
various disciplines. This information request refers to further description of the process leading to the final list
of VECs.
It is common practice to include listed species among the VECs used in an assessment in order to ensure
that the assessment covers the special considerations associated with these species (including provisions of
the Species at Risk Act and the Migratory Birds Act). Therefore, an explanation for the absence of listed
plants or wildlife species and how the assessment accounted for any special considerations related to these
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species is required to evaluate the defensibility and appropriateness of the assessment.

OPG Response:
Guideline VECs
In 2006, a Draft Scoping Document for the DGR Project was issued by the Canadian Nuclear Safety
Commission (CNSC). It stated that: “The VECs proposed in the EA methodology for this project must be
reviewed and accepted by CNSC staff in the early phases of the EA study.” Consistent with this guidance,
Ontario Power Generation (OPG) proposed a list of VECs to the CNSC for the DGR Project and the list was
largely based on past EAs at the Bruce nuclear site. For projects such as the DGR, consistency with past
assessments is an important consideration in developing the list of Valued Ecosystem Components (VECs)
so as to provide regulators and other stakeholders context with respect to past projects that have been
assessed at the site. However, in some cases modifications were made based on the following
considerations:


presence in the Site Study Area;



potential implications in pathway(s) of effect;



identification as a surrogate for assessment of effects to other similar species;



ecological importance – position in the food web, relative contribution to productivity;



baseline data availability – sufficient information to allow a reasonable evaluation of effects;



native species representing various levels of the food chain;



socio-economic importance;



historical Aboriginal importance;



species of conservation status; and



species sensitive to the “stressors” produced by the DGR Project.

The DGR Project site has been used in association with other projects, for example as a laydown area for
construction of the heavy water plant. However, the DGR Project is located in an area that has not been
proposed for development as part of a previous EA. Therefore, OPG’s draft VEC list included some
modifications from previous EAs at the Bruce nuclear site. For example, past projects identified sago
pondweed as an aquatic VEC; however, variable leaf pondweed was proposed as it is present in the Project
Area. Generally, species that exist offshore (e.g., deepwater sculpin), were not proposed by OPG as VECs
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unless there was a particular interest expressed by members of the public or Aboriginal communities (e.g.,
lake whitefish was retained as a VEC because of ongoing interest from Aboriginal communities). In addition,
some species of birds were substituted with alternate species to better reflect the existing plant communities
on the DGR Project site, including the removal of chipping sparrow from the VEC list and the addition of redeyed vireo and yellow warbler. Red-eyed vireo is a forest dwelling species of bird that was selected as a VEC
because it has been documented in a number of locations on the site in forested communities.
In addition, some of the names used to describe VECs for the physical environment were simplified to make it
clearer what was being assessed (e.g., air quality instead of local atmosphere). Finally, a series of ecological
features were identified as VECs, where these features allowed for the assessment of multiple effects from
different disciplines to be combined and described in a single location (e.g., Lake Huron).
As mentioned above, in keeping with the draft scoping document, OPG provided a draft list of VECs to the
CNSC. Subsequently, the DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate- Level Radioactive Wastes (CEAA and CNSC 2008)
were issued for public review and comment. These guidelines, and the final guidelines (CEAA and CNSC
2009), included a list of suggested VECs for the DGR Project.
Changes to Guideline VECs
In selecting the VECs for inclusion in the assessment, the approach was to use all of the VECs in the
Guidelines, and augment those where input identified the need for additional VECs, or site conditions
suggested that the Guideline VECs would not be valuable in evaluating the effects of the DGR Project.
Specific additions and changes to the Guideline list of VECs (described in Section 5.3.2 of the EIS) include
the following:


The VECs in the Geology TSD were expanded from those listed in the Guidelines (i.e., soil quality,
groundwater quality, groundwater quantity and flow), to reflect the unique vertical nature of the
assessment for the DGR Project. Specifically these three VECs were expanded to nine for use in the
EIS (i.e., soil quality, overburden groundwater quality, overburden groundwater transport, shallow
bedrock groundwater quality, shallow bedrock groundwater and solute transport, intermediate
bedrock water quality, intermediate bedrock solute transport, deep bedrock water quality, deep
bedrock solute transport).



The meadow vole (a terrestrial VEC on past assessments) was replaced by the northern short-tailed
shrew as trapping programs results did not confirm the presence of meadow vole in the Project Area,
but did confirm the presence of northern short-tailed shrew.



Spottail shiner was added as an aquatic VEC because it is an important forage fish species (see
Section 4.1.1 of the Aquatic Environment TSD).



For radiation and radioactivity, 12 specific VECs were identified. These VECs were added to
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represent different trophic levels within the ecosystem and hence different exposure pathways to
radionuclides potentially released from the project.


For socio-economics, the seven VECs listed in the Guidelines were expanded to 13 to allow specific
evaluations of how the effects of the DGR Project could affect assets for the socio-economic
environment (see also the response to IR-EIS-03-48).



The single human health VEC in the Guidelines was expanded to four separate VECs to allow
focussed assessment on the differences in effects to different members of society.

The review and feedback provided on the EIS Guidelines, and input solicited during Open Houses, did not
identify the need for additional VECs beyond the changes identified above.
Listed Species as VECs
No listed species were removed from the VEC list relative to the lists used in completing recent assessments
at the Bruce nuclear site, all of which have undergone independent review.
One provincially significant species of wildlife, bald eagle, was included as a VEC in the Guidelines as well as
in the assessment for the DGR Project. Although the species is not present in the Project Area, or known to
use the Project Area, it has been included in a number of previous EAs at the Bruce nuclear site and was
retained for consistency and previously identified importance to Aboriginal communities. The VECs selected
for assessing the effects of the DGR Project were chosen because of their known presence on the site and
their ability to act as surrogates for assessing the effects on other Species at Risk in the Local Study Area.
For example, the midland painted turtle is known to exist in the Site Study Area and acts as a surrogate for
potential effects on the spotted turtle, a known Species at Risk in the Local Study Area.
Rare species have not been highlighted by identifying them as VECs for the DGR Project because of
sensitivities with respect to harvesting that would occur if details are provided about their existing locations,
abundance and use of the study areas. Additional information on the potential effects on at-risk species will
be provided in a supplementary response to IR-EIS-01-15.
References:
CNSC. 2006. Draft Comprehensive Study Scoping Document for an Environmental Assessment of the
Proposal by Ontario Power Generation for a Deep Geologic Repository For Low- and Intermediate-Level
Radioactive Waste. (CEAA Registry Doc# 8)
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
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CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep
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Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc # 150)

EIS-03-66

 Section 10,
Existing
Environment
 Section 10.1,
Biophysical
Environment

Information Request:
Provide detailed information on the rationale for the field studies conducted for the Terrestrial Environment,
Hydrology and Surface Water Quality and Aquatic Environment. This information is to include:
 objectives;
 rationale for selection of sample sites;
 rationale for sampling effort in terms of specific data quality objectives (which can be described in terms of
performance criteria such as confidence that minima, maxima and means adequately capture natural
variability);
 rationale for chemical analysis performed on the samples (if applicable); and
rationale for any statistical analysis used in interpretation of the data set (which would include newly-acquired
field data plus existing data if applicable)
Context:
The descriptions of field studies contained in the TSDs for the Terrestrial Environment, Hydrology and Surface
Water Quality and Aquatic Environment are very brief and do not include any information on the rationale and
data quality objectives for the sampling that took place. It is impossible to judge how the data obtained during
these field studies add to confidence in the description of the existing environment, including: identification of
sensitive habitat features; presence, relative abundance and status of populations of VECs; evidence of past
impacts from human activities; presence of important confounding variables that would influence the effects
from the DGR Project; verification of spatial boundaries for the assessment; identification of the most
appropriate indicators of effects for each VEC; and, natural variability of the indicators of effects.
The defensibility, reliability and scientific credibility of the field studies require documentation.
OPG Response:
Hydrology and Surface Water Quality:
The objective of the sampling program was to determine whether the surface waters at or near the DGR
Project Area have been affected by past activities at the Bruce nuclear site, and to provide more detailed and
up-to-date information regarding the existing conditions within the Site Study Area to provide a basis for
comparison with historic information and potential effects of the DGR Project. The sampling program was
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designed to identify both spatial and temporal variation of key water quality parameters. Special
consideration was given to the South Railway Ditch which is known to receive runoff from the Western Waste
Management Facility (WWMF).
The sampling program was not intended to provide a rigorous
characterization of the entire Bruce nuclear site or the main body of Lake Huron.
During the development of the surface water sampling program, the initial DGR Project design layout, which
included discharge from the storm water management pond to the Stream C watershed, was considered. The
site layout and discharge location changed after the first round of sampling. Sampling points were identified
as follows:





Stations SW3 and SW4 (South Railway Ditch) were included to capture any potential effects in water
quality from the WWMF.
SW1 was intended to capture the upstream water quality in Stream C while SW2 was intended to
provide a location downstream of the discharge of the South Railway Ditch.
SW5 was included to measure the existing runoff from the “site”.
SW6 was included as a reference location for Lake Huron, within MacPherson Bay.

The number of sampling events (6 in total) was intended to capture seasonal effects, excluding winter
because of safety concerns related to sample taking, as well as wet/dry conditions. The duration of the
sampling program was not intended to provide the basis for statistical analysis of performance criteria such as
confidence limits on minima, maxima and means. Data collection over several years would be required to
gather enough information to conduct a meaningful statistical analysis. Previous experience in the area also
suggested that most of the analysis would likely return values that are reported to be less than the method
detection limits.
To allow for comparison of analysis results, the selected parameter list for the sampling program was based
on sampling programs for previous environmental assessments at or near the Bruce nuclear site. These
parameters are listed with their respective criteria in Appendix D of the Hydrology and Surface Water Quality
TSD. Knowing that there was existing contamination of the South Railway Ditch, the DGR sampling program
also included analysis for a series of volatile compounds (see Appendix E of the Hydrology and Surface
Water Quality TSD).
The intention of the sampling program was to identify parameters and locations that exceed specific water
quality criteria because at the time the sampling program was developed, the constituents of the effluent were
not known (i.e., they were determined at a later date by means of a leachate test). The specific water quality
criteria that the parameter list is based on are existing criteria from the Provincial Water Quality Guidelines
(PWQOs) and CCME guidelines for conventional parameters (e.g., non-radioactive). As such, the laboratory
objectives were to provide chemical analysis that could establish whether or not a specific parameter
exceeded specific criteria.
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Data quality was assured through the use of field and trip blanks.
Detailed statistical analysis was not completed for the sampling data for the following reasons;




For volatile substances, the results were less than the method detection limit for all samples collected
at all locations.
Most of the results for metals were either less than or slightly above the method detection limit.
Results for metals that exceeded the criteria confirmed the contamination that likely resulted from
previous use of the site and/or WWMF or natural background.

Statistical analysis (applied to the results of an ongoing monitoring program) could potentially be used to
determine if there is a measurable effect after operation of the DGR facility begins.
Terrestrial and Aquatic Biology:
The objectives of the terrestrial and aquatic ecology field data collection programs were to collect baseline
data on the existing habitat conditions within the Site Study Area and to document the terrestrial and aquatic
biota present in the Site Study Area, focusing on Valued Ecosystem Components (VECs). The intent of the
data collection was to compile a baseline of existing conditions against which potential project effects could be
predicted. The field studies were designed to document the presence and local distribution of these species
at selected locations throughout the Site Study Area.
Field survey locations were focused on characterization of the Site Study Area and Project Area. Sample
sites were selected based on a number of factors, including:


proximity to potential disturbance from proposed project works and activities,



predicted pathways of effect,



survey protocols,



representativeness of habitats within the Site Study Area,



habitat suitability and availability for VECs; and



gaps in acquired existing site-specific ecological data.

Field data collection was focused within the most suitable habitats for the targeted species (VEC species)
including individual species or suites of species (muskrat, white-tailed deer, basking turtles, forest birds, fish
species or communities, benthic macroinvertebrates or aquatic plants). Ecological land classification was
completed for the entire Site Study Area to accurately map the existing plant communities on the site.
Data collection for both the terrestrial and aquatic environments followed a qualitative approach as the
objective with data collection efforts focused on characterizing and mapping habitat and biotic communities.
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The data quality objectives to be met with the biotic sampling programs were the composition of the local
communities in specific habitats, the trophic levels represented, and the presence of species that are sensitive
to disturbance. While no quantitative sampling or statistical analyses were conducted, the study design was
developed to be repeatable, and sufficiently representative that similar conclusions would result from
subsequent sampling. Fish sampling also provided information on relative abundance of species present.
This approach was determined to adequately characterize the baseline conditions of the terrestrial and
aquatic environments.
Species specific survey procedures are described in the individual TSDs and followed accepted guidelines,
including, but not limited to those issued by the Department of Fisheries and Oceans, Canadian Wildlife
Service, Ministry of Natural Resources. The methodologies followed for this project included specific
procedures regarding the time of day, time of year and weather/temperature conditions in which the surveys
are to be completed. These timing windows are linked to the most active periods for terrestrial species
(amphibian breeding, breeding birds, migration, winter congregation and seasonal concentrations). Fish
sampling targeted the midsummer resident fish community which has greater potential to be indirectly
affected by the Project. This confers a high confidence level in the quality of the acquired data, from the
perspective of species presence and community composition. Detailed descriptions of the methodologies
followed are described in the Terrestrial Environment and Aquatic Environment TSDs, including specific dates
and times. All data was summarized and mapped as part of this project.
Chemical analysis on the terrestrial and aquatic ecology field data was not applicable because no effects
were anticipated through this pathway.

EIS-03-67

 Section 10.1
Biophysical
Environment
 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions
 Section 11.5.6,
Human Health

Information Request:
Indicate whether there was a formal cross-check between the estimated low level and intermediate level
waste radionuclide inventory (EIS Table 4.5.2-1, page 4-27) and the radionuclide analyses conducted on
environmental samples from the Project, Site, Local and Regional Study areas.
If there was no cross-check, explain why this was not considered necessary. If there was a cross-check,
provide details of the results and the rationale for the list of radionuclides analysed in each of the
environmental media (air, surface water, sediment, fish, groundwater, soil, vegetation, and milk).
Context:
The available baseline information for radioactivity in the environment focuses on tritium, gross beta, and
carbon-14. There is also information on some other radionuclides (e.g. cesium-137, cesium-134, cobalt-60,
potassium-40, strontium-90) but analysis for these radionuclides has not been as frequent and has not been
conducted across all environmental media.
The EIS and TSD do not present any information on whether sampling plans for radioactivity in the
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environment were reviewed in the context of the radionuclide inventory for the low level and intermediate level
waste (EIS Table 4.5.2-1, page 4-27).
Table 4.5.2-1 lists other radionuclides that will occur in large amounts and are relatively long-lived. “The
results for the assumed repository decommissioning date of 2062 indicate the total radioactivity will be
dominated by tritium (H-3), carbon-14, niobium-94 and nickel-63” (EIS, page 4-27).
The monitoring program for radioactivity in the environment appears to have been built upon what already
takes place for the Bruce A and B operations. While this is a logical starting point, cross-referencing between
the existing program’s list of analyses and the list of radionuclides in the waste inventory is required to
increase the rigour of the baseline program and allow a more thorough examination of the program’s
defensibility, completeness, reliability and appropriateness.
OPG Response:
A cross-check between the estimated low level and intermediate level waste radionuclide inventory in the
Environmental Impact Statement (OPG 2011, Table 4.5.2-1, see p. 4-27) and the radionuclides analyses
conducted on environmental samples from the Project Site, Local and Regional Study areas is not considered
necessary. An extensive annual monitoring program is completed at the Bruce nuclear site, including
monitoring of gross beta and gamma.
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. A single report under the Radiological Environmental Monitoring Program (REMP) for
emissions from the Bruce nuclear site is prepared, which accounts for emissions from all the facilities on the
site. The routine measurements are listed in Table 1.
As stated in CSA N288.4-10 (CSA, 2010), it might not be practical or necessary to measure environmental
media for all nuclear/hazardous substances released. Clause 7.5.4 of the Standard indicates that “Where
several contaminants contribute to a dose, measurements used to estimate the dose should include
contaminants that account for at least 70% of that dose. The set of measured contaminants may be further
reduced if the estimated dose is very small, for example less than 10% of the relevant dose. Dose
contributions from other contaminants may be based on modelled concentrations”. The current environmental
measurements are consistent with this standard.
Note that in addition to specific radionuclides that are known to dominate the dose pathways, the routine
measurements include gross beta or gross beta-gamma activity, which check that other radionuclides are not
present in large amounts. Recent results from gross beta and gamma monitoring reported in BRUCE
POWER 2010 are summarized below:


The average external gamma dose in air at Bruce Power indicator sites was 50 µGy per hour, slightly
lower than the average of the provincial background sites of 58 µGy per hour.
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The annual average gross beta levels in the local water treatment plants and the provincial
background levels are comparable. Over the last eight years the gross beta levels have remained
relatively constant and at essentially the same level as background.
The annual average gross beta concentration in water samples collected in the Site Study area was
similar to those at the provincial background locations.

Radionuclides predicted in the DGR inventory in the year 2062 are provided in Table 5-8 of the Preliminary
Safety Report.. Based on the inventory at 2062, the DGR radioactivity would be dominated by H-3, C-14, Nb94 and Ni-63. Three of these (H-4, C-14, Ni-63) are pure beta emitters and Nb-94 is a strong gamma emitter
and a weak beta emitter.

√
√
√
√
√

Cesium-137
Cesium-134
Cobalt-60
Potassium-40
Noble gas
Gross betagamma activity
Total gamma

√
√2
√1

√3

Gross beta
√
√
Source: Bruce Power, 2010.
Notes: 1. Gamma emitters on particulate materials.
2. Includes ~35 potential contributing radionuclides.
3. Total external gamma dose.
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√
√
√
√

√

√

√
√
√
√
√

√
√
√
√
√

Milk

√

Soil

√

Sediments

√

Groundwater

√

Surface Water/
Drinking Water

√

Air

√

Agricultural
Products
(animals, grain
& vegetable)

Carbon -14

√
√
√

Fish

Iodine-131

Precipitation
and Dustfall

Tritium

Waterborne
Emissions

Table 1. Media and Radionuclides Analysed in Radiological Environmental Monitoring Program

Airborne
Emissions
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H-3 and C-14 in environmental media are routinely tracked, as noted in Table 1. Several other DGR-relevant
radionuclides including I-129 and Cl-36 have also been measured in local or regional surface water or soils in
specific studies.
Two key DGR radionuclides, Nb-94 and Ni-63, have not been formally measured in the environment.
Although separate measurement techniques are required to determine the amount of a specific radionuclide
present, they would contribute (if present) to the measured gross beta and total gamma dose. Since the
gross beta and total gamma levels around the Bruce nuclear site are similar to provincial background levels,
any Nb-94 and Ni-63 would be present at low levels.
Currently soil samples from the geotechnical boreholes and test pits drilled at the DGR project site in 2011
(Golder Associates 2012) are archived at the DGR project core storage facility. These soil samples would be
available if there was a future need to check for baseline radionuclides not presently measured.
References:
BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. BREP-03419-00020 R000.
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills,
CSA N288.4-10, May 2010.
Golder Associates. 2012. Golder Associates Ltd. OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste, Soil Investigation for Proposed Surface Facilities. Report No. 1011170042-REP-G2030-0002.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300)

EIS-03-68

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide more detail concerning DGR geosphere rock mass characterization. Specifically,
a) Provide further explanation of variability in core strength behaviour between DGR-sampled rock cores
versus regional rock cores from the Cobourg Formation (Geology TSD, page 188-189) with focus on
variables such as sampling depth, mineralogy, sample preservation and/or quality of laboratory
testing. How are conclusions concerning structural performance to be drawn where variation in
geomechanical parameters may be due to differences in testing, procedures or other handling?
b) Provide further explanation or description of variability in core strength behaviour between DGR
sampling boreholes DGR-2 through DGR-6 (Geology TSD, page 188) relative to “induced damage
during drilling – as a result of sampling (unloading) from great depth, and local platen interference
and/or other boundary effects during laboratory testing.”
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c) Validate the conclusion made in the NWMO Geosynthesis Report, Section 3.2.1.1, page 110, that
“the UCS values appear to be uniform across the Bruce nuclear site.”
Describe the spatial distribution of strength tests results and their spacing/location across the DGR
site at depth of the 67 total samples tests made that were recovered in the Cobourg Formation from
five holes (DGR-2 through DGR-6) from which these strength results were determined.
d) Validate the conclusion on page 110 of the NWMO Geosynthesis Report, Section 3.2.1.1, that: “For
the overlying Collingwood member, the mean UCS based on testing of 5 samples is 107 MPa.”
Provide justification that a reasonable sample population size was obtained from which this
conclusion can be made.
e) The NWMO Geosynthesis Report, Section 3.2.1.1, page. 112-113, states that: “Eight laboratory
specimens from Boreholes DGR-2 to DGR-4 were tested to determine the Brazilian or indirect tensile
strength of the Cobourg Formation rock material.” Provide justification that this number of tests would
provide adequate tensile strength characterization.
f)

The NWMO Geosynthesis Report states in Section 3.2.1.1, page 113, that: “With the twelve
compression tests conducted on core samples retrieved from boreholes DGR-3 and DGR-4, the
triaxial compressive strength of the Cobourg Formation was determined. Combining these test results
with the aforementioned UCS data allows for determination of the strength parameters for the HoekBrown failure criterion …”
Provide a justification for the sample population size used to assess triaxial strength character of an
entire rock formation. Discuss the effect that spatial distribution of samples have on estimated
strength parameters.

g) Justify the test sample population used to infer shear strength properties of this same rock formation
as described in the NWMO Geosynthesis Report, Section 3.2.1.1, page 115.
h) Identify the sections of the Geosynthesis Report, or other documents, in which determination of
Poisson’s ratio parameters, as used for modelling of panel-scale stress and displacement conditions
described in Section 6.4.5, have been described and tabulated.
Define what units have been used to describe the Poisson’s ratio parameters shown In Figure 6.2.9-1
on page 6-53 of the EIS.
Context:
The geomechanical site characterization information presented in the EIS and Technical Support Documents
is not sufficient to assure that the analysis is defensible, complete, reliable, or scientifically credible.
a) The intact rock strength of the caprock (Queenston and Georgian Bay Formations) is based largely
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on 14 and 11 sample strength tests from only 3 local boreholes (Geology TSD, page 186). These
tests are used to infer major mechanical characteristics such as UCS, Young’s Modulus and
Poisson’s ratio parameters used for geomechanical design and numerical modelling justification of
the support capabilities of the future repository. It is also stated that: “Regional UCS data of both rock
formations are also presented, and it is clear that both data sets lie within the same range.”
b) The range for Georgian Bay Formation data, in particular, is quite large relative to regional test data,
and thus it is uncertain that close correlation between regional and local strength data is a valid
conclusion. The number of tests is small and subject to large spatial variation in values and no
description of sample dimensions and therefore compatibility of test results has been presented to
justify that strengths and other parameters are directly comparable between boreholes locally and
between local and regional boreholes.
c) The Geology TSD, page 188, states: “… the (DGR results) have a considerably higher average peak
strength value (Figure 5.9.2-1). This strength increase is likely attributed to different sampling depths,
mineralogical variation …, improved sample preservation methods, and/or the quality of the laboratory
testing.”
For the Cobourg limestone sample testing, a greater number (67) of borehole (local) sample
specimen tests were performed that permits better assessment of the formation strength and other
mechanical parameters, and also demonstrates that local strength character is higher than
demonstrated by regional sample tests.
d) The conclusion that the Cobourg Formation DGR sample strengths are greater than similar formation
regional sample strengths is opposite to that claimed for the Georgian Bay Formation above. The
Geology TSD, page 186, states: “both data sets lie within the same range” which would indicate that
strengths are similar.
The conclusion may relate to the smaller test population of samples for the higher elevation formation,
and the variable testing, depth-related and handling procedures mentioned. The disparity in
conclusions based on rock mechanical analyses of core specimens and the need to obtain additional
accurate, reproducible and more spatially extensive/representative data on rock parameters within the
repository site boundary zone has significant implications for repository design (stability, longevity,
size limits), and thus must be addressed further.
e) Under discussion of tensile strength of rock formations, the NWMO Geosynthesis Report, Section
3.2.1.1, page 112, states that: “Tensile failure is the primary cause of stress-induced spalling around
excavation openings and is also associated with roof instability in underground openings in
sedimentary rock masses .. thus .. is of prime importance for evaluating the potential overstressing
developed along … a room roof.” It is also stated that “Eight laboratory specimens from Boreholes
DGR-2 to DGR-4 were tested to determine the Brazilian or indirect tensile strength of the Cobourg.”
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On page 114, it is stated that formation tensile strength, due to the presence of weaker bedding
partings, is substantially less or even negligible and that, in laboratory tests that evaluate the material
strength between the parting layers, Brazilian tests would most likely overestimate tensile strength by
30-40%.
f)

Under discussion of Triaxial Compressive Strength of rock formations, the NWMO Geosynthesis
Report states in Section 3.2.1.1, page 113, states that: “With the 12 compression tests conducted on
core samples retrieved from boreholes DGR-3 and DGR-4, the triaxial compressive strength of the
Cobourg Formation was determined. Combining these test results with the aforementioned UCS data
allows for determination of the strength parameters for the Hoek-Brown failure criterion …”
The number of triaxial tests performed is quite low in order to be able to characterize the overall
strength behaviour of a large rock formation. Test data would show considerable variability if not
measured from core specimens obtained in very close proximity to one another. Failure locus
determination according to the Hoek-Brown criterion is appropriate if UCS and triaxial samples are all
closely spatially associated (i.e. - if UCS and triaxial test specimens are recovered from the same
length of drill core), as strength variation can be large over even small distances of core separation

g) In the NWMO Geosynthesis Report, under discussion of Shear Strength of Rock and Thin Shaley
Bedding Planes on page 115, it is stated that (for the Cobourg Formation): “Ten intact sample and
two samples with a detachment along the shaley bedding surfaces of the Cobourg Formation were
selected for testing.”
In Figure 3.8 (page 115), a total of sixteen (16) peak/intact strength assessments are plotted and
used to determine the direct shear strength failure locus. Why are these numbers of tests
contradictory?
h) In the NWMO Geosynthesis Report, Section 6.4.5, page 353, modelling of panel deformations at the
(global) panel scale through multiple glacial cycles is used to predict deformation of the rock mass
above the panels under various configurations (i.e.- large and small barrier pillars between panels
etc.). It is stated that “The horizontal in situ stress and Poisson’s ratio are two parameters that can
have significant effect on prediction of yielding and damage in the cap rock …”
Values for the Blue Mountain Formation are presented in Table 6.8 on page 353. The determination of the
Poisson’s ratio parameters is not explicitly mentioned nor described in any other section of the Geosynthesis
Report (notably Chapters 3 and 6) where detailed characterization data for strength testing and the like are
provided.
OPG Response:
Information related to the Geomechanical characterization of the DGR site is discussed within INTERA (2011;
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sections 5 and 6) and NWMO 2011; Sections 3, 6 and 7. A detailed description of long-term Geomechanical
stability analyses and interpretation is provided by ITASCA (2011). These reports provide full details of the
data collection methods, testing, confidence, synthesize and numerical simulations performed to gain insight
into repository behaviour. The information contained in these reports provides the scientific basis of the
analyses performed and conclusions derived regarding long-term DGR geomechanical stability and design
features. Answers to the eight questions below draw on these key reports and others referenced within.
a) The regional database was based on samples retrieved from depths ranging less than 100 m from
ground surface. At these depths the samples would be subjected to weathering and stress relief. In
addition, the samples were collected mainly along the shoreline of Lake Ontario between Niagara
Falls and Kingston, Ontario (NWMO and AECOM 2011, Figure 3.1). The testing of these regional
samples was performed by a number of laboratories with unknown testing procedures, sample
dimensions and sample preservation techniques. In part, these factors contribute to the discrepancy
between the DGR and regional test data.
For the purpose of DGR design and optimization site specific data are applied. These data were
obtained from samples obtained within an area covering approximate 30 hectares through the
sedimentary sequence to the repository horizon. All geomechanical laboratory strength testing was
completed by CANMET Mining and Mineral Science Laboratories, an ISO Certified laboratory,
following ASTM procedures. Rigorous quality control procedures and the state of the art testing
procedures for handling of the core samples from the DGR site were implemented to ensure minimal
sample disturbance and data variation. These are reflected in Figure 3.4 of (NWMO 2011), where the
DGR site specific uniaxial compressive strength (UCS) data for the Cobourg Formation lie at the
upper range of the regional data.
b) It is known that when samples are recovered from great depth they will be subjected to stress
relaxation. During DGR site characterization investigations, samples were preserved and sent to
storage as soon as core logging was completed. Also, to reduce such sample disturbance, testing on
the rock core samples was carried out as specified in geomechanical laboratory test plans.
With regard to the Georgian Bay Formation, the UCS arithmetic mean for 10 tests (discarding the
stronger carbonate layers) was 32 MPa with a standard deviation of 17.4 MPa (NWMO 2011, Table
3.14). Whereas, the regional data of 63 samples yielded a mean of 35 MPa (NWMO and AECOM
2011, Table 3.1). Figure 3.14(b) of the Geosynthesis Report (NWMO 2011) shows a histogram of
both the site specific and regional data of the rock formation. Both data sets appear consistent
although only the site-specific values were applied to the DGR design.
c) Strength testing of Cobourg Formation was completed on core samples recovered from all DGRseries boreholes. Review of the strength data shows that there is only minor variation in strength
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properties between different DGR boreholes. Evidence supporting this conclusion includes:


Sixty-seven samples were tested with results ranging from 58 to 175 MPa. The UCS
arithmetic mean is 113 MPa with a standard of deviation of 25.6 MPa (NWMO 2011, Table
3.14).



Low to moderate variation in the strength of the Cobourg Formation between boreholes is
illustrated in the figure below and Figure 3.3(a) of the Geosynthesis Report (NWMO 2011).
The results plotted in these figures represent samples collected in DGR- series boreholes
DGR-2 to DGR-6, which were drilled as far as 1.3 km apart. As depicted, the range of UCS
test results is spatially consistent with the statistical results described above in bullet one.
This is a reflection of consistency and predictability of formation properties based on
lithostratigraphic correlation.



The variability in the test results from samples retrieved from the same borehole, in several
cases only several centimeters apart, is comparable to the variability in test results between
boreholes more than a kilometer apart. The only discernible trend is a slightly weaker zone in
the bottom 8 m of the Cobourg Formation (see figure below).



Rock strength variability was incorporated into the DGR design by adopting a UCS design
value equal to the mean minus one standard deviation (i.e., 113 MPa to 90 MPa). In
predictions of short-term rock excavation response during construction and operation 90 MPa
was assumed. For long-term predictions a more conservative value equivalent to an average
Crack Initiation (CI) stress was selected to account for time dependent strength degradation
(i.e., 45 MPa) (NWMO 2011, p.336).

d) With respect to the Collingwood member (8 m thick), samples were purposely collected to gain an
understanding of the spatial UCS distribution. Test results are of high quality and are considered
sufficient for characterization (INTERA 2011, Section 5.11.2, p.386).
e) Similar to the samples of Collingwood member, the samples collected in the Cobourg Formation for
Brazilian testing were spatially well distributed along boreholes. Also, all test results, except from one
sample, showed failure in a consistent manner along the diametral plane (INTERA 2011, Figure
5.26). Therefore, the resulting strength parameters are of high quality and are sufficient to
characterize the tensile strength of the rock.
f)

With respect to the Collingwood member (8 m thick), samples were purposely collected to gain an
understanding of the spatial UCS distribution. Test results are of high quality and are considered
sufficient for characterization (INTERA 2011, Section 5.11.2, p.386).
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g) Similar to the samples of Collingwood member, the samples collected in the Cobourg Formation for
Brazilian testing were spatially well distributed along boreholes. Also, all test results, except from one
sample, showed failure in a consistent manner along the diametral plane (INTERA 2011, Figure
5.26). Therefore, the resulting strength parameters are of high quality and are sufficient to
characterize the tensile strength of the rock.
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h) Figure 3.7 of the Geosynthesis Report (NWMO 2011) shows all tests in σ1- σ3 space, as well as the
Hoek-Brown envelope based on all test data from Boreholes DGR-2 to DGR-6. The figure illustrates
that results from the triaxial testing (12 tests) is consistent with increasing rock strength as
confinement stress increases. The representativeness of the 12 tests to characterize rock behaviour
is justified by:


i)

Triaxial test samples were selected from DGR-3 between the depths of 674 and 690 mBGS
and from DGR-4 between 663 and 682 mBGS. A majority of these samples were selected at
the same horizons within Cobourg Formation; and
The value of mi = 10.6 (~11) from a best fit of all the test data is well within the expected
range for limestones and also suggested by Hoek and Brown (1980).

In the DGR long-term stability analyses, Hoek-Brown Criterion was not used to model the Cobourg or
Sherman Fall formations. These two formations were simulated using a Voronoi block model
technique and brittle parameters based on a factored unconfined strength (i.e., CI stress). Numerical
calibration of the rock mechanical properties was carried out based on 5 Voronoi block samples
generated using different realizations of random block geometry and laboratory test results from core
samples retrieved from DGR boreholes (ITASCA 2011, Section 3.1.4, p.17). The Cobourg Formation
is characterized by shaley interbeds with nonplanar discontinuous nature. The following steps were
taken to determine the shear strength of these interbeds:




Sixteen intact and 2 mechanical broken (along shaley interbeds) samples were tested;
Shear strengths parallel to the shaley interbeds of intact samples were measured at various
contact pressures to determine the peak shear strength envelope of the intact rock; and
The residual shear strength envelope of the interbeds was established by shearing each
sample multiple times (after the first test on intact samples) for a range of contact pressures.

Figure 3.8 of the Geosynthesis Report (NWMO 2011) shows both shear strength envelopes for intact
and residual strength are well represented by the data.
j)

The determination of horizontal in-situ stress ratios and Poisson’s ratios used in the modelling of the
panel scale analysis is presented in Section 6.2.1 of the Long-Term Geomechanical Stability Analysis
Report (ITASCA 2011, p.84). The range of values selected is considered to represent the rock mass
conditions as observed from DGR boreholes. A sensitivity analysis assuming horizontal in-situ stress
ratios ranging from 0.8 and 1.2, and Poisson’s ratios of 0.2 and 0.3 was used to explore uncertainty
related to rock mass response under glacial loading.
The average Poisson’s ratio measured from the Blue Mountain shale samples was approximately 0.1.
This ratio is lower than what is normally reported for shale and for the rock above and below the
shale. If this low Poisson’s ratio was valid one would expect to see some evidence of shearing at the
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contact of the shales and stiffer rocks, caused by loading and unloading of past glaciations. Careful
inspection of the cores showed no evidence of shearing or damage at the contact or in the shale.
The Blue mountain experiences some reduction in core integrity due to unloading during sampling.
This in turn results in a lower apparent Poisson’s ratio, as well as a low modulus (sample damage).
The horizontal in-situ stress ratios selected for the Blue Mountain Formation were based on the
bounding values considering the uncertainties (ITASCA 2011, Section 6.2.1, p.84).
A full description of the derivation of geomechanical parameters is provided by INTERA (2011;
sections 5).
References:
Hoek, E. and E.T. Brown. 1980. Underground Excavation in Rock. Institution of Mining and Metallurgy.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO and AECOM. 2011. Regional Geomechanics – Southern Ontario. Nuclear Waste Management
Organization and AECOM Canada Ltd. report NWMO DGR-TR-2011-13 R000. Toronto, Canada. (available
at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-03-69

 Section 10.2;
Socio-economic
Conditions;
 Section 11.5.6;
Human Health

Information Request:
Explain which of the three human receptor location categories would best represent Métis communities and
present the reasons why.
Context:
Section 6.11.4-1of the EIS (page 6-271) states: “Potential human receptors were identified as people who live
in or use areas in the vicinity of the DGR Project. The following receptors were identified and are considered
to be present at the locations indicated on Figure 6.11.4-1 as follows: local residents (AR1, AR2, AR3);
members of the nearest Aboriginal communities (AR5, AR6); and seasonal users (AR2, AR4).”
The EIS describes Aboriginal communities as members of the SON. Members of the MNO and HSMC are not
mentioned on page 6-271. Explicit recognition of the Métis communities and how their locations and activities
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are recognized within the Regional and Local Study Areas is required to evaluate the completeness of the
assessment.
OPG Response:
In the EIS, Métis communities are described as distinct collectives with their own customs, way of life and
group identity and, who have interests in the Study Area.


In this context four Métis communities are identified, the closest of which is the Historic Saugeen
Métis, located at Southampton, ON

From a demographic perspective, Métis people generally do not reside in distinct geographic areas; rather
they reside within a local or regional municipality.


As such human receptor locations AR1 through AR5 best represent Métis people who are members
of the identified Métis communities and are local residents and/or seasonal users.

Historic Saugeen Métis (HSM) is an independent, historic Métis community located at Southampton, Ontario.
Receptor AR5, which is located at the limit of the air modelling domain, would best reflect the members of this
Métis community. Southampton is approximately 17 km beyond receptor AR5, hence actual exposures and
risks to members of the HSM community would be less than estimated at the receptor location evaluated in
the assessment.
The Métis Nation of Ontario (MNO) generally represents Métis members of the Great Lakes Community,
Georgian Bay Community and Moon River Community. Each of these communities is located at a greater
distance from the DGR Project than the HSM.
Members of the Métis community could also be permanent or seasonal residents near the Bruce nuclear site
(i.e., represented by receptors AR1 through AR5).
EIS-03-70

 Section 10.2;
Socio-economic
Conditions;
 Section 11.5:
Socioeconomic
Effects

Information Request:
For all socio-economic survey data involving public attitude research, provide an analysis of errors and
confidence levels. Provide the protocol, questionnaire, dates and responses for the Community Well-Being
Survey.
Context:
Public attitude research results are quoted throughout the EIS as percentages of respondents who have
provided a particular answer to a question. All such values are associated with a number of possible errors,
most notably Sampling Errors and Non-Response Errors. Therefore, the confidence in the data is central to
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the evaluation of the defensibility and reliability of the assessment.

OPG Response:
The Socio-economic Environment TSD (AECOM 2011, Section 5.1.1.1) summarizes the field studies
completed to support the description of the existing site conditions, including the Public Attitude Research,
and surveys.
Public Attitude Research conducted for the DGR Project included:
1. INTELLIPULSE. 2010. Deep Geologic Repository – Public Attitude Research. IntelliPulse Inc. report
for Ontario Power Generation.
2. INTELLIPULSE. 2003. Public Attitudes Towards Long-term Management of Low and Intermediate
Level Radioactive Wastes at the Western Waste Management Facility. IntelliPulse Inc. report for
Golder Associates in association with Garter Lee Limited.
2009 – DGR Project Public Attitude Research
Survey Implementation
A questionnaire was developed (INTELLIPULSE 2010, Section 7.5). It included 35 questions. To qualify for
an interview, respondents needed to be an adult resident age 18 years or older. The sample was split
between women and men.
The total study area was Bruce County excluding Northern and South Bruce Peninsula. Eight hundred and
nine interviews were conducted from November 4 to 14, 2009. Two primary geographic areas were defined
from sampling within the County and used for identifying respondents and analyzing results:




The amalgamated Municipality of Kincardine was the focus of the study, i.e., Local Study Area (LSA).
A total of 401 interviews were completed within the municipal boundaries. This sample size was
selected to obtain a strong degree of accuracy in the findings with a confidence interval of ± 5%, 19
out of 20 times.
The remainder of Bruce County, i.e., Neighbouring Municipalities or Regional Study Area (RSA)
excluding the Northern and South Bruce Peninsula, was the secondary focus. The sample size was
408 interviews, with the respondents selected in proportion to the population distribution for the five
municipalities within the RSA excluding Kincardine. The confidence interval for the Neighbouring
Municipalities was ± 5%, 19 out of 20 times.

The list of amalgamated communities, the actual number of interviews completed in each area, and the
confidence intervals based on the actual sample size are:
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Sample

Confidence Interval,
19 out of 20 times

Kincardine

408

±5.0

Neighbouring
Municipalities

401

±5.0

Saugeen Shores

115

±9.6

Arran-Elderslie

68

±12.6

Brockton

98

±10.4

South Bruce

65

±12.9

Huron-Kinloss

62

±12.3

Total

809

±3.5

Municipality

To address other potential errors, the survey employed the use of CATI programming. The CATI platform
integrates sample management, quota and call-back management, interviewing and real-time on-screen
monitoring. This minimizes the chance of sampling error through reducing human error in recording of
responses.
Survey Results
INTELLIPULSE (2010) reports the results of Public Attitude Survey as both number of respondents who
provided a particular response and percentage of responses for each response. The reporting includes the
number of “nothing/no concern”, “other” and “don’t know/refused” responses.
Typically fewer than ten percent of respondents provided a “don’t know/refused” response. Exceptions
included:





Community Attributes to Maintain or Enhance, where 13% of respondents in the RSA provided a
“don’t know/refused” response.
Greatest Threats to Community Well-being, where 13% of respondents in the RSA provided a “don’t
know/refused” response.
Community Issues that Affect Feelings of Personal Health of Sense of Personal Safety, where 17% of
respondents in the LSA and 23% of respondents in the RSA provided a “don’t know/refused”
response.
Ways to increase confidence in the safety of the DGR were 15% in the RSA provided a “don’t
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know/refused” response.
These “don’t know/refused” responses are presented as a percentage of the total number of respondents per
question. In all of the questions asked, “don’t know/refused” is a valid answer to questions of this nature and
are pertinent to the overall findings.
2003 – Public Attitudes Towards Long-term Management of Low and Intermediate Level Radioactive
Wastes at the Western Waste Management Facility
Survey Implementation
A questionnaire was developed (INTELLIPULSE 2003, Section 7.3). It included 55 questions. To qualify for
an interview, respondents needed to be an adult resident age 18 years or older. The sample was split
between women and men.
The study area was Bruce County, excluding the Northern and South Bruce Peninsula. A total of 751
interviews were completed from June 9 to 14, 2003. Two primary areas were defined for sampling within the
County and these two areas were used for identify respondents and analyzing results:



The amalgamated Municipality of Kincardine was the focus of the study. A total of 400 interviews
were completed within the municipal boundaries. This sample size was selected to obtain a strong
degree of accuracy in the findings with a confidence interval of ± 5%, 19 out of 20 times.
The remainder of Bruce County (Neighbouring Municipalities) excluding the Northern and South
Bruce Peninsula, was a secondary focus. The sample size was 351 interviews, with the respondents
selected in proportion to the population distribution for the five amalgamated municipalities. The
confidence interval for the Neighbouring Municipalities was ± 5.4%, 19 out of 20 times.

Survey Results
INTELLIPULSE (2003) reports the results of Public Attitude Survey as both number of respondent who
provided a particular response and percentage of responses for each response. Treatment of “don’t
know/refused”, “not sure”, “I need more information” or “no opinion” responses is reported for each question.
In the case of “no opinion”, these responses were excluded due to the nature of the question (for example, a
confidence rating scale); in the case of “don’t know/refused”, “not sure” or “I need more information”, the
number and percentage of these responses are tabulated.
These “don’t know/refused”, “not sure” and “I need more information” responses are presented as a
percentage of the total respondents. In all of the questions asked, “don’t know/refused”, “not sure” or “I need
more information”, is a valid answer to questions of this nature and are pertinent to the overall findings.
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Quality Assurance
The procedures used for the Public Attitude Research are standard procedures used in public affairs and
sociological research. They conform to the Marketing Research and Intelligence Association (MRIA)
Standards. The survey was registered with MRIA.
Community Well-Being
A separate community well-being survey was not completed. Rather the results of the Public Attitude
Research (INTELLIPULSE 2010), the Community Leader Survey and Stakeholder Interviews were reported in
the Socio-economic Environment TSD in a community well-being framework.
Supplementary Public Input
Other surveys completed as part of the field studies for the DGR Project include:
AECOM, 2009. Site Neighbour Survey for Deep Geologic Repository (DGR Project) at the Bruce Nuclear
Site.
The Protocol for the Site Neighbours’ Survey is provided in Appendix C, Attachment C-2 of AECOM (2011).
The Site Neighbours’ Survey was undertaken between November 2009 and January 2010. A total of eight
surveys were completed, representing a 57% response rate. The survey questions are included in Appendix
C, Attachment C-3 of AECOM (2011).
AECOM. 2009. Park User Survey – Compiled Data.
The survey Protocol is provided in the Socio-economic Environment TSD (AECOM 2011, Appendix C,
Section C3). The questionnaire used for the survey is provided in Appendix C, Attachment C-4.
The survey was conducted at Brucedale Conservation Area on September 26 and October 10, 2009, and at
Inverhuron and MacGregor Point Provincial Parks on September 4, 2009. A total of 121 surveys were
administered.
Stakeholder Interviews
The survey was conducted by AECOM staff from October 13, 2009 to November 23, 2009. A total of 130
people were contacted with 77 interviews completed. Stakeholder interview guides are provided in the SocioEconomic TSD (AECOM 2011, Appendix C, Attachment C-1).

380

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Community Leader Survey
The community leader survey was conducted in October 2009. A total of 23 interviews were completed. The
questionnaire for the community leader survey, is described Section 5.1.1.1 of AECOM (2011), and is
included in Appendix C, Attachment C-5.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299)
INTELLIPULSE. 2003. Public Attitudes Towards Long-term Management of Low and Intermediate Level
Radioactive Wastes at the Western Waste Management Facility. IntelliPulse Inc. report for Golder Associates
in association with Garter Lee Limited.
INTELLIPULSE. 2010. Deep Geologic Repository – Public Attitude Research. IntelliPulse Inc. report for
Ontario Power Generation.
EIS-03-71

 Section 10.2;
Socio-economic
Conditions;

Information Request:
Provide the public attitude research questionnaire and the results of that questionnaire. Justify and reference
the questionnaire methodology.
Explain the percentage (45%) of “don’t know/refused” responses to questions regarding personal health or the
sense of personal safety reported in the EIS Table 6.10.8-2, page 6-265 and Table 5.9.1-2 of the TSD, page
137.
Context:
Evaluation of the reliability and defensibility of the assessment of effects on feelings of personal health and
safety will be aided by the provision of the detailed methodology as well as an explanation for the relatively
high percentage of “don’t know/refused” responses for this component of the Public Attitude Research (PAR).
OPG Response:
Public Attitude Research Questionnaire
The Public Attitude Research (PAR) report (INTELLIPULSE 2010a) that supports the socio-economic
assessment, which includes the survey instrument (i.e., the questionnaire), is enclosed. The PAR was
conducted using sampling methodologies and analysis that have been used for several socio-economic
assessments in support of accepted environmental assessments for nuclear projects at the Bruce nuclear
site, Pickering, Darlington and most recently for the Darlington New Nuclear Project. These PAR studies
381

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
were conducted by Intellipulse Inc. and AECOM. Such PAR studies are considered standard practice for
gaining qualitative and quantitative sociological data. These PAR studies have undergone extensive public
and regulatory (e.g., Canadian Nuclear Safety Commission) scrutiny, including numerous peer reviews.
In designing the questionnaire, Intellipulse Inc. took into account the overall objective of identifying the
potential for future effects of the Deep Geologic Repository (DGR) Project on people and their communities,
with respect to the potential social, human, physical and financial assets that may be affected by the DGR.
More specifically, the questionnaire (see Section 7.5 of the PAR report) was designed to investigate the
following:



Major community issues, the greatest threat to community well-being, people’s feelings of personal
health and safety, and contributors to those feelings.
The degree to which the development of a DGR might have an effect on people’s daily life, the
attitudes of residents towards their community, and their behavioural intentions (as defined by specific
activities that might be conducted near the Bruce nuclear site). To assess the potential for effects the
questionnaire asked two-part questions on attitudes and behaviours: 1) whether they think the DGR
Project will change their activity/behaviour; and 2) if they responded in the affirmative, they were
asked to indicate to what extent the Project will affect their activity/behaviour.

A technical summary of the PAR study is provided in Section 7 of the PAR report (INTELLIPULSE 2010a).
Intellipulse Inc. administered the questionnaire by telephone, from November 4 to 14, 2009. Within the Local
Study Area (LSA), 401 interviews were completed and within the Regional Study Area (RSA), 408 interviews
were completed. The sample size for the survey was designed to have a strong degree of accuracy in the
findings with a confidence interval of ±5%, 19 out of 20 times within the LSA and the RSA.
The procedures used for the Public Attitude Research are standard procedures used in public affairs and
sociological research. They conform to the Marketing Research and Intelligence Association (MRIA)
Standards. The survey was registered with MRIA.
Assessment of Effects on Feelings of Personal Health and Safety
OPG has reviewed Table 6.10.8-2 (p.6-265) of the Environmental Impact Statement (EIS) and Table 5.9.1-2
(p.137) of the Socio-economic Environment Technical Support Document (TSD) referenced in this Information
Request.
Table 6.10.8-2 of the Environmental Impact Statement (EIS) makes reference to 45% of the RSA respondents
providing ‘other’ responses that could not reasonably be coded under one of the asset categories or issues.
This 45% included 17% that said there were no issues that “Affect Feelings of Personal Health or Sense of
Personal Safety” or responded that they “feel safe”. Approximately 5% raised other issues that could not be
reasonably coded under one of the asset categories, and 23% said that they did not know or refused to
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answer the question.
OPG has also reviewed the percentage of only the “don’t know/refused” responses to questions regarding
personal health or the sense of personal safety reported in the EIS Table 6.10.8-2 (p.6-265), and Table 5.9.12 (p.137) of the Socio-economic Environment TSD, to which the Information Request references. However, in
the LSA, only, 17% of respondents (70/401) and 23% of RSA respondents (92/408) stated “don’t
know/refused” when asked about community issues that affect feelings of personal health or sense of safety.
Adding these percentages for two response groups (yielding a result of 40%) is not an accurate
representation of the percentage of total respondents who stated “don’t know/refused”. Rather, the total
number of respondents could be looked at as a whole if combining results from the RSA and LSA. Therefore,
162 of 809 (20%) of respondents stated “don’t know/refused”.
These figures (17% LSA, 23% RSA) indicate the proportion of residents that are truly “not sure” about what
issues in the community most affect their feelings of personal health or safety or refused to answer the
question. The magnitude of these responses is consistent with that of similar responses to similar questions
posed in the PAR research conducted for the Darlington New Nuclear Project in December 2010
(INTELLIPULSE 2010b). Therefore, the survey responses are not considered anomalous.
In addition, LSA and RSA residents near the Darlington Nuclear site were asked to describe positive and
negative influences on their feelings of personal health and positive and negative influences on their feelings
of personal safety. The results are summarized as follows:





24% of LSA and 13% of RSA residents stated “don’t know” regarding positive influences on people’s
feelings of personal health;
19% of LSA and 18% of RSA residents stated “don’t know” regarding negative influences on people’s
feelings of personal health;
13% of LSA and 10% of RSA residents stated “don’t know” regarding positive influences on people’s
feelings of personal safety; and
11% of LSA and 10% of RSA residents stated “don’t know” regarding negative influences on people’s
feelings of personal safety.

With respect to the assessment of effects of the DGR on feelings of personal health and safety, while 17% of
LSA and 23% of RSA residents stated “don’t know/refused” regarding issues that most affect feelings of
personal health or safety, a substantially smaller proportion (5% of LSA, 8% of RSA) stated that they were not
sure if the DGR would affect their feelings of personal health or safety.
This indicates that while a larger proportion of residents in the LSA and RSA were not sure about what affects
their feelings of personal health or safety, a smaller proportion is uncertain if the DGR will affect those
feelings. These data are strong indicators of the certainty that respondents hold with respect to the effects of
the DGR on their feelings of personal health and sense of personal safety.
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References:
INTELLIPULSE. 2010a. Ontario Power Generation Deep Geologic Repository – Public Attitude Research.
IntelliPulse Inc. report prepared for AECOM Canada. (enclosed)
INTELLIPULSE. 2010b. New Nuclear at Darlington Project: Public Attitude Research #3 – Report.

EIS-03-72

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide information on the inclinations of the test bore holes and substantiation for the conclusion, on page
190 of the Geology TSD, that: “the Cobourg Formation … has few inclined to vertical joints …”
Context:
This conclusion, relating to the overall integrity of the Cobourg Formation and existence of potential release
pathways (fractures) to higher formations or the surface, has been based on limited borehole observation (two
boreholes) and the potentially misleading assumption that the two inclined boreholes could/would intersect all
possible existing inclined/vertical joints within the DGR site zone at depth.
If the borehole inclination is parallel or near parallel to existing fractures, the possibility is high that no
intersection would occur and that such fractures would not be observed.
OPG Response:
Evidence gathered during site-specific sub-surface investigations at the Bruce nuclear site that reflect the
overall integrity of the Cobourg Formation and, in particular, transmissive vertical/sub-vertical fracturing that
could influence performance of Deep Geologic Repository (DGR) includes:


No vertical or sub-vertical fracture were observed in the core from DGR-series (vertical) boreholes
DGR-2, DGR-3 and DGR-4, DGR-5 (plunge ≈78o) and DGR-6 (plunge ≈57o ) (NWMO 2011, Section
3.2.1.2). All reported fractures were associated with near-horizontal bedding planes.



Inclined boreholes DGR-5 and DGR-6 were purposely drilled at orthogonal bearings to: i) validate
possible vertical structure revealed by the 2-dimensional seismic reflection survey; and ii) better
assure characterization of vertical geologic structure and fracturing. With respect to the Cobourg the
horizontal distances traversed by DGR-5 and DGR-6 are 7.0 and 19.1 m, respectively. Given these
observations vertical/sub-vertical fracture spacing in the Cobourg Formation is assumed to be in
excess of 10 m.



The low rock mass hydraulic conductivities (10-14 m/s) measured within the Cobourg Formation is
inconsistent with the occurrence of fractures that would contribute to potential transmissive release
pathways (INTERA 2011, Sections 4.13.6 and 4.16.7). The low rock mass hydraulic conductivities
are consistent with the preservation of the anomalous porewater under-pressures and site-specific
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analogue evidence from the interpretation of vertical environment tracer distributions of a stable
diffuse dominant transport regime (NWMO 2011, Section 4.5.1.1).


Evidence provided regarding the integrity of the overlying shale cap rock (Engelder 2011, Section 5)
provides information regarding hydrocarbon reservoirs and sealing that reflect the long-term barrier
integrity of the Ordovician shale cap rocks directly overlying the Cobourg Formation. This information
provides additional assurance that transmissive vertical fracturing within the Ordovician is unlikely to
provide potential release pathways to higher formations or the surface.

The information above addresses the issue of transmissive sub-vertical/vertical fractures within the Ordovician
sediments and their contribution to flow system evolution at varying time and space scales. The coincidence
in interpretation with respect to transmissive fracture occurrence, dominant mass transport processes and
barrier integrity over periods of geologic time indicates that undetected vertical discontinuities potentially
influencing DGR performance are unlikely to exist.
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAARegistry Doc# 300)
EIS-03-73

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide justification for the conclusion, on page. 3-27 and 3-28, Section 3.4.3.1 of the EIS, that limestone
durability within the Cobourg Formation, relative to that of the shale horizon above, would provide “improved
constructability because of greater geomechanical stability” and “… during operations, including roof, floor,
shaft sump and rock loading pocket stability” and “(better) long term safety, including potential for progressive
failure”
Context:
Section 3.4.3.1 of the EIS, on page 3-28 states:
“The specific depth within the Cobourg limestone formation was determined taking into account:


geomechanical stability during operations, including roof, floor, shaft sump and rock loading pocket
stability
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long-term safety, including potential for progressive failure…”

No justification beyond construction experience elsewhere in Ontario has been provided.
OPG Response:
The Cobourg Formation was selected to host the Deep Geologic Repository, in part, for its ability to passively
contain and isolate the low and intermediate level radioactive waste. The primary reasons included:


The Cobourg Formation is a 27 m thick argillaceous (clay rich) limestone with a mean uniaxial
compressive strength (UCS) of 113 MPa (NWMO 2011, Section 3.2.1.1; INTERA 2011, Sections
5.8.1.1 and 5.11.2). By comparison the Ordovician shales have a lower rock strength (Queenston
and Georgian Bay formations mean UCS of 48 and 32 MPa, respectively (NWMO 2011, Table
3.14)).



Underground structures excavated in southern Ontario shales could be subject to loading caused by
time-dependent swelling deformation. Horizontal swelling potential within Ordovician shales could be
as high as 0.3% per log cycle (INTERA 2011, Table 5.10). The Cobourg Formation is not subject to
time dependent swelling behaviour.



Shale formations are more susceptible to weathering and have less resistant to slake degradation as
compare to limestones. The Ordovician shales have a Slake Durability Index (SDI) ranging between
75 and 90% (INTERA 2011, Section 5.7.1.6, p.357) compared to the Cobourg limestone with a SDI of
100% (INTERA 2011, Section 5.8.1.6, p.369). Construction of the DGR in the Cobourg Formation will
not be subject to degradation of excavated surfaces.



The Queenston and Georgian Bay formations contain thin shale beddings and interbedded shales
and carbonates, respectively. Underground openings constructed in these formations are more
susceptible to roof delamination compared to those in Cobourg Formation where shale and carbonate
beds are undulatory (discontinuous and non-planar) due to alteration by bioturbation processes.



The estimated in-situ stress state, in part, based on the observation of no borehole breakouts
observed in all deep vertical and inclined DGR boreholes conforms with regional estimates and
allows an upper bound on the maximum horizontal stress. This provides confidence in estimates of
rock mass response during construction, operational and closure periods (NWMO 2011, Sections
6.4.6 and 6.5).



The low hydraulic conductivity (10-14 m/s) of the Cobourg Formation coupled with the aforementioned
rock material strength indicates that it would provide both a virtually dry and stable underground
environment for construction and operations (NWMO 2011, Sections 6.4.6 and 6.5).



The long-term geomechanical stability analyses that considered time dependent rock mass strength
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degradation under a variety of combined loading scenarios (i.e., glaciations, seismicity, repository
gas pressures) illustrate that the Cobourg Formation and the overlying confining Ordovician shale
cap rock provide effective barriers to contaminant transport at time frames relevant to repository
safety (NWMO 2011, Section 6.4). Design optimization (selection of specific depth) to improve longterm DGR performance (minimize progressive failure) includes stipulation of: i) a minimum roof cover
in the Cobourg Formation (lower member); ii) a 40 m rock pillar between DGR emplacement room
panels; and iii) a minimum floor cover of 9 m above the Sherman Fall Formation contact to improve
pillar longevity and emplacement room stability (NWMO 2011, Sections 6.4.4.7 and 6.4.5).


Mass transport within the Ordovician sediments is dominated by diffusion over geologic time periods.
Within this stable hydrogeologic setting, the thick Ordovician sediments provide the best achievable
barrier to contaminant migration unaffected by external perturbation (NWMO 2011, Sections 4.6 and
5.5). The thickness of this passive, low permeability, diffusion dominated barrier is maximized with
the repository positioned in the Cobourg Formation.

References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc # 300)
EIS-03-74

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide data on the time-period over which the formational pressure measurements were obtained and how
representative they are of undisturbed conditions.
Context:
In low permeability strata the long equilibration times for the collection of meaningful pressure measurements
can only come from monitoring over a long-term basis. Pressure measurements made outside this context
cannot be shown to be representative of undisturbed conditions within the formation.
OPG Response:
A description of the methods used to obtain or estimate formation pressures throughout the sedimentary
sequence beneath the Bruce nuclear site, and time-series formation pressure measurements in the Westbay
installations (DGR-series boreholes DGR-1, DGR-2, DGR-3 and DGR-4) are provided in Section 4.12 of
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INTERA (2011). A description of confidence in the observed formation pressures is provided in Section
4.16.8 of INTERA (2011).
The confidence in formation pressures is related, in part, to the formation rock mass hydraulic conductivity.
Formations that are associated with relatively high hydraulic conductivities (≥10-10 m/s) will respond relatively
quickly and confidence is high that measured results reflect in-situ conditions. In situations where monitoring
intervals intersect low hydraulic conductivity sediments (≤10-11) formation response times to equilibrium will be
extended. As discussed in Sections 4.12.2.8 and 4.16.8 of INTERA (2011), the estimated times for formation
pressures to reach equilibrium in the low hydraulic conductivity Ordovician sediments may be on the order of
5 to 10 years. Although such timeframes exceed that observed and may imply low confidence, given the
under-pressure magnitude (200 m) and trend (decreasing) there is high confidence that the under-pressures
exist and represent evidence or a signature of past hydrogeologic perturbation only preserved by low
formation scale hydraulic conductivities (NWMO 2011, Section 5.5).
Routine quarterly monitoring of formation pressures within the DGR- and US-series Westbay installations is
continuing through 2012 as part of an environmental baseline monitoring program.

References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-03-75

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide any available information on the depth to focus for earthquakes in the Bruce Region.
Context:
The EIS provides information on the spatial distribution and magnitude of earthquakes recorded within the
Bruce Region. Ground motion due to seismic events depends strongly on the depth to the focus.
OPG Response:
Seismic activity and event magnitudes are characteristically low in the Bruce region, a situation that leads to
difficulty in accurate determination of earthquake focal depths (Hayek et al. 2011, Section 3.3). Since 1952
30 seismic events with magnitudes greater than 1 have been observed within a 150 km radius of the Bruce
nuclear site. The largest event reported by the Canadian Hazard Information Service was a M4.3 earthquake
with an estimated focal depth of approximately 11 km, 15 km north of Meaford, Ontario (99 km from the Bruce
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nuclear site) (Dineva et al. 2004; Hayek et al. 2011, Section 3.3). Based on Ma and Atkinson (2006), for 76
events in eastern Ontario and western Quebec with confidently known focal depths, the average depth was 7
km (NWMO 2011, Section 6.2.2.1). The depth distribution of these events was:





38% of the events occurred at depth less than 5 km;
43% occurred in the depth range from 5 to 10 km;
16% were at depths of 10 to 15 km; and
2% were at depths of 15 to 20 km.

The observed lack of appreciable concentrations of seismic and micro-seismic (since 2007) activity in the
Bruce region indicates the likely absence of seismogenic features and/or active faults (INTERA 2011, Section
5.3). All evidence from the seismic monitoring to date indicates that seismic activity is occurring at depths
within Precambrian basement underlying the Paleozoic sediments (Hayek et al. 2011, Section 3.3). Further
evidence from neotectonic studies conducted within 50 km of the Bruce nuclear site indicates that beyond the
observed seismic record during the Holocene this area has been tectonically stable and subject to low levels
of seismic activity (Slattery 2011).
References:
Dineva, S., D. Eaton and R. Mereu. 2004. Seismicity of the Southern Great Lakes: Revised Earthquake
Hypocenters and Possible Tectonic Controls. Bulletin of the Seismological Society of America 94, 1902-1918.
Hayek, S.J., J.A. Drysdale, J. Adams, V. Peci, S. Halchuk and P. Street. 2011. Seismic Monitoring Near the
DGR - Annual Report 2010. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-44.
Toronto, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Ma, S. and G. Atkinson. 2006. Focal Depth Distribution for Earthquakes with MN ≥ 2.8 in Western Quebec,
Southern Ontario and Northern New York. Bulletin of the Seismological Society of America 96, 609-623.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Slattery, S. 2011. Neotectonic Features and Landforms Assessment. Nuclear Waste Management
Organization Report NWMO DGR-TR2011-19 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Information Request:
Provide tabular information showing the number of households residing within 1 km distance intervals from
the project site to the Local Study Area boundary.
Include permanent and seasonal residents
Context:
The effect of many vectors (dust, noise, traffic etc.) on the general population depends largely on the distance
from the project site. A compilation of the number of households found within defined distance intervals from
the project site is required to evaluate this parameter.
OPG Response:
The consideration of the population found within defined distance intervals from the project site in the
Environmental Impact Statement is as presented in the Provincial Nuclear Emergency Response Plan
(PNERP) Implementing Plan for Bruce Power. Information in the exact format requested is not currently
available. While this plan prescribes the measures that would be undertaken to deal with a nuclear
emergency caused by an accident/event at the Bruce Power Site (Ministry of Community Safety and
Correctional Services 2009), it also provides population information useful in the consideration of other
vectors such as dust and noise.
The area around the boundary of a nuclear installation for which a nuclear emergency response plan is made
is divided into the following zones:




Contiguous zone,
Primary zone, and
Secondary zone.

Contiguous Zone
The Contiguous Zone is the area immediately surrounding the nuclear installation out to an approximate
radius of 3 km. The Contiguous Zone of the PNERP Implementing Plan for Bruce Power is shown as
Response Sector 1 in the figure below and includes an area adjacent to the Bruce Power Site boundary from
Concession 8 to Inverhuron Provincial Park and extending east to Lake Range Road, the bluff and
Concession 2.
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Primary Zone
The Primary Zone, which includes the Contiguous Zone, is the area around the nuclear installation within
which detailed planning and preparedness is carried out for measures against exposure to a radioactive
emission. The approximate radius is 10 km. The Primary Zone for Bruce Power is shown in the above figure.
It includes the area within the Municipality of Kincardine bounded generally by County Road 11 and
Concession 14 to the north, 10 Sideroad to the east, and Concession 7 to the south, but excluding the Bruce
Power Site. The Primary Zone extends westward into Lake Huron to a radius of 10 km.
The Primary Zone is divided into a number of Response Sectors, also shown on the figure. Populations in
each Response Sector are provided in the following table.

391

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Sector

Population*

1 (Contiguous Zone)

153

2

197

3

1,779

4

515

5

467

6

900

Notes:
* Population: The estimated maximum population for each sector (July 31, 2006)
is given. In some cases this would include day workers/visitors from outside
the sector. Population increase projected per year is approximately 3%.
Source: Ministry of Community Safety and Correctional Services, 2009.

Secondary Zone
The Secondary Zone is the area within which it is necessary to plan and prepare for taking Ingestion Control
Measures, based on the monitoring of the food chain for contamination.
The Secondary Zone encompasses all areas of the Counties of Bruce, Grey and Huron within a 50 km radius
of the Bruce Power Site. The Secondary Zone is shown in the above figure and includes both the Contiguous
and Primary Zones.
Note that the Local Study Area for which population data is provided in this response corresponds to the
generic Local Study Area (which includes the Primary Zone for emergency response planning purposes) and
does not correspond to the expanded Local Study Area defined for the Socio-economic Environment TSD.
As part of the socio-economic assessment, local residents and site neighbours were provided an opportunity
to undertake a ‘self-assessment’ of the potential effects of the DGR Project on their use and enjoyment of
property and/or business activity. This Site Neighbour Survey looked at the area immediately adjacent to the
Bruce nuclear site, and identified a total of 14 residential or business locations in the survey area.
References:
Ministry of Community Safety and Correctional Services, Emergency Management Ontario. 2009. Provincial
Nuclear Emergency Response Plan, Implementing Plan for Bruce Power.
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Information Request:
Provide the rationale of restricting the Site Neighbor Survey to spatial boundaries different from those used in
the EIS for the other Local Study Areas and Regional Study Areas.
Context:
In the EIS, the immediate neighbourhood to the project site is defined by the Local Study Area that extends
roughly 10 km from the project site. The protocol of the Site Neighbour Survey confines the survey to adjacent
properties and their next neighbour. As a result, the survey has a total of 8 respondents.
OPG Response:
The focus of the Site Neighbour Survey (AECOM 2011, Appendix C, Attachment C-3) was to examine issues
of localized nuisance effects of noise, dust, traffic and visual impacts of the DGR Project on people’s use and
enjoyment of property. OPG notes that there are few site neighbours given the rural setting of the Bruce
nuclear site.
These effects (i.e., nuisance effects and their indirect effects on use and enjoyment of property) were
considered to be most relevant to neighbouring properties closest to the Bruce nuclear site (i.e., those
adjacent to the Bruce nuclear site and those properties in the next row). Where necessary, the survey area
was extended to encompass the four closest noise, human health and nuisance receptors identified for the
purposes of the EA. Therefore, the study area for the Site Neighbour Survey included the area within which
measureable nuisance effects might be expected to occur. To be conservative, it was extended one row of
properties further from the Bruce nuclear site. To understand these effects on people’s use and enjoyment of
property, the Site Neighbour Survey included the following questions.
(32) Considering how you use and enjoy your property today, do you anticipate that your use and/or
enjoyment of your property will change as a result of the DGR Project?
(33) If yes, in what ways do you anticipate that DGR construction and operational activities might affect
your use and/or enjoyment of property?
(34) Do you anticipate that you will do anything differently on your property because of the DGR Project?
In order to understand if these effects would be felt on a wider geographic basis, the Public Attitude Research
(PAR) survey asked Local Study Area and Regional Study area residents if the DGR Project would affect use
and enjoyment of their private property (INTELLIPULSE 2010). Therefore, while these nuisance effects were
most likely to be experienced by those properties within the Site Neighbour Survey boundaries, Local Study
Area and Regional Study Area residents were also asked to comment on these potential effects in the PAR
survey, perhaps giving consideration to a broader range of sources.
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In summary, the study area for the Site Neighbour Survey is in fact a sub-set of the Local Study Area, focused
on the geographic area where noticeable effects on people’s use and enjoyment of property were expected.
It allowed the team to get more detailed information not possible from the PAR.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299).
INTELLIPULSE. 2010. Ontario Power Generation, Deep Geologic Repository – Public Attitude Research
(2009; Revised 2010). IntelliPulse Inc. report for Ontario Power Generation.

EIS-03-78

 Section 10.1.2,
Surface Water
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide information on the details of the drinking water sampling program conducted by Bruce Power,
including the rationale for:
 the three water supply plants sampled in the Regional Study Area;
 not including other drinking water supplies that may not undergo as much or any treatment;
 the radionuclides measured in each sample;
 and the supporting information collected for each sample.
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses).
Provide an explanation for why there are no sampling locations for drinking water on Aboriginal lands. Note
EIS 03-45 where a justification for Regional Study Area boundaries is required.
Provide an explanation for why there does not appear to have been any measurement of radionuclides in
water samples taken for the Hydrology and Surface Water Quality program in the Site Study Area.
Provide a description of the level of confidence in the radionuclide baseline for surface waters in the Project,
Site, Local and Regional Study Areas.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for drinking water.
Therefore, a greater understanding for the basis of the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
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since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
Sampling of surface water from North and South Railway Ditches, Stream C and MacPherson Bay took place
in 2007 and 2009 (Appendix E, Hydrology and Surface Water Quality TSD). It No radionuclide analyses were
provided from these samples.
Section 6.6.6.2 of the EIS and Section 5.6.2 of the Radiation and Radioactivity TSD describe existing data for
“other radionuclides” (i.e. radionuclides other than tritium and carbon-14 plus gross beta measurements).
Sampling for “other radionuclides” appears to have ceased in 2000 due to cesium-137 and cesium-134 being
consistently less than method detection limits (MDL) (EIS, page 6-147).
There is no information provided regarding the total list of radionuclides analysed, nor is there any information
on the location of water samples, the sampling method, and the precision and accuracy built into the sampling
design. The only other sampling for “other radionuclides” appears to have been samples taken from the South
Railway Ditch, North Railway Ditch and Little Sauble River (year is unknown). All results were less than MDL
except for carbon-14 (EIS, page 6-147). Again, there are no details provided regarding the sampling design or
data quality objectives. Provision of additional information on the past surface water sampling designs as well
as an evaluation of the confidence in these data to suffice as a baseline is required to evaluate the
completeness, reliability and defensibility of the assessment.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report is prepared under
the Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear
site. Ontario Power Generation (OPG) operates a background radiological monitoring program and provides
this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits
the report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report (BRUCE POWER 2010).
Efforts are underway to obtain supporting information to fully respond to the Information Request. Additional
information will be provided when available.
As discussed in OPG’s response to IR EIS-03-45, the Regional Study Area (RSA) for Radiation and
Radiological Environment (AMEC 2011) is the generic RSA. It includes the monitoring locations for the annual
Radiological Environmental Monitoring Program (REMP) conducted for the Bruce nuclear site. Doses to
members of the public in the vicinity of the Bruce nuclear site are calculated based on the results of the
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REMP. As shown in Table 5.10-4 of the Radiation and Radioactivity TSD (AMEC 2011), estimated doses are
considerably less than 1% of the regulatory limit. Doses to any distinct group such as Aboriginal communities
or member of the public would be lower at greater distances from the Bruce nuclear site.
Métis community members reside within the larger municipal population and are assumed to use the same
municipal water supply as other municipal residents.
Section 2.3.5 of BRUCE POWER 2010 specifies that drinking water samples are collected from two water
supply plants in the vicinity of the Bruce nuclear site. The Port Elgin water supply plant discontinued its
operation in November 2008 (OPG 2011, Section 6.6.6.1).



Southampton Water Supply Plant located approximately 22 km northeast provides water to Port Elgin,
Southampton and the nearest First Nation community to the Bruce nuclear site.
Kincardine Water Supply Plant, located approximately 15 km southwest provides water to Tiverton and
Kincardine

The water supply plants are sampled twice daily. Weekly composite samples are analysed for tritium by liquid
scintillation counting and monthly composite samples are analysed for gross beta by proportional counting.
Drinking water samples are also collected from thirteen deep and seven shallow wells, as well as streams
within the Local Study Area. Sampling locations are shown in the Figure provided in the response to IR-EIS03-81.
Results of Drinking Water Monitoring 2009 (BRUCE POWER 2010, Table 2.3.5)
Water Source
Kincardine Water Supply Plant
Southampton Water Supply Plant
Deep Wells
BDF11
BF1
BF14
BM12
BM13
BM2
BM3
BM6
BM9
BR1
BR25
BR37

396

Tritium (Bq/L)

Gross Beta (Bq/L)

6.1***
8.8***

0.07***
0.07***

Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
22.8*
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BR8
Shallow Wells
BR2
BR3
BR4
BR32
BR41
BR42
BF6
Lakes and Streams
BC1
BC2
BC3
BC4
BM10
BM4
BM14**
BR2

Ld
93.1
79.2
94.4
18.3
31.0
39.6
28.1

0.04

0.71

40.3
152.5
40.3
85.0
5.5
116.0
12.5
42.7

0.16
0.16
0.18
0.14
0.06
0.09
Ld
0.07

NOTES:
*
BR37 does not exhibit characteristics similar to Deep Wells and appears to be under the influence of the lake
**
BM14 process condensate water originating from Lake Huron
*** For calculations of local averages where numerical values were less than detection, 100% of the detection value
was used
Ld Less than detection
Monitoring for gross beta at all deep wells has been discontinued as any small contribution by releases from the
stations are expected to be negligible compared to natural background levels.

Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The QA program
applies to all analytical and sampling activities that affect the quality of the groundwater results obtained.
Section 4.0 of the 2009 Annual REMP Report (BRUCE POWER 2010) provides detailed information on the
data quality objectives of the sampling program, and confirms that the established objectives have been met.
The field sampling program is designed to collect representative samples from the selected pathways in the
near vicinity of the Bruce Power site as well as background locations. Sample availability, the number of valid
sample analysis divided by the number of planned samples if the performance measure used to evaluate the
sampling program.
Availability of samples for the drinking water sampling program is provided below.
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2009 Sample Availability Data
(BRUCE POWER 2010, Table 4.2)
Collection
Frequency

Sample Type
Water Supply Plants

Resident Well & Lake
Water *

Planned

Weekly Composite
(3H)
Monthly Composite
(GB)
Bi-Monthly ( H, GB)
3

Semi-Annually ( H,
GB, GS)
3

Bi-Monthly ( H)
3

Local Streams *

Semi-Annually (GB)
Site Ground Water

NOTES:

Semi-Annually ( H)
3

192
48
96
38
24
8
52

Actual
192
48

Availability
100%
100%

84

88%

37

97%

23

96%

8

100%

52

100%

*

Samples may have been unavailable because of seasonal conditions (e.g., freezing of water samples and seasonal
residences that are closed for certain months of the year).
GB Gross Beta
GS Gamma Scan

The Bruce Power Health Physics Laboratory operates a technical quality assurance program in accordance
with the CNSC regulatory standard S-106 (CNSC 2006) and ISO/IEC 17025:2005 (IOS 2005). The Health
Physics Laboratory operates a technical Quality Assessment and Quality Control program to demonstrate the
accuracy and precision of results.
There are two types of quality control samples used to accompany the analyses of the environmental samples
collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. The following
main process control samples are used for samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Demineralized water samples run as low gross beta samples to detect contamination.

The quality control samples are samples that contain known values of the analyte, usually derived from
traceable standards, which are included for analysis. For general environmental samples, including drinking
water, results are considered valid when the values for the accompanying quality control samples are within
±10 percent of the known or expected values. The following table summarizes the 2009 quality control data
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applicable to the drinking water sampling program. The results were considered acceptable and provide
confidence in the quality of data for the REMP and the consistency for the laboratory measurements.
2009 Quality Control Data
(BRUCE POWER 2010, Table 4.4.1)
Tritium
Sample Type

Drinking water (includes resident well groundwater samples)

Low

High

94

103

External Laboratory Comparison
Bruce Power also uses an inter-laboratory comparison program to provide independent assurance to Bruce
Power, the CNSC and external stakeholders that the Bruce Power Health Physics Laboratory’s analytical
proficiency is adequate and the accuracy of measurements meets the required standards. This comparison
program demonstrates that the laboratory is performing within acceptable limits as measured against external
unbiased standards. The inter-comparison program relevant to REMP is one for radionuclides in
environmental matrices operated by Eckert & Ziegler Analytics Inc. of Atlanta, Georgia. On a quarterly basis,
Eckert & Ziegler Analytics provides a number of samples containing known quantities of radionuclides to the
Bruce Power Health Physics Laboratory, including: tritium in water, and beta emitters in water. Upon
completion of analysis of the supplied samples, the results are provided to Eckert & Ziegler Analytics. A
report is provided to Bruce Power by Eckert & Ziegler Analytics detailed the expected values and the ration of
the laboratory value to the expected value. The internally imposed test limits are as follows:
(VL + 1 standard deviationL)/VA ≥ 0.8 AND (VL - 1 standard deviationL)/VA ≤ 1.2
The results for the 2009 quarterly samples all met the imposed test limits for tritium in water and
gross beta in water (Bruce Power, 2010, Section 4.4.2).
Independent and Self Assessments
An external audit of the Bruce Power Health Physics Laboratory was completed by the Canadian Association
for the Environmental Analytical Laboratories (CAEAL) from September 9th to September 10th, 2008 (Bruce
Power, 2010, Section 4.5.1). Effective October 2008, CAEAL changes to Canadian Association for
Laboratory Accreditation (CALA). As a result of the audit, the Dosimetry Section maintained its accreditation
with CALA.
An internal audit of the Bruce Power Health Physics Laboratory was completed by the Bruce Power Audit
Department from November 16th to November 27th, 2009. The audit concluded that the Dosimetry Section
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generally met the requirements of the ISO/IEC 17025 and S-106 standards (BRUCE POWER 2010, Section
4.5.2).
Radionuclides in Surface Water
The hydrology and surface water quality assessment focused on non-radiological effects, as stated in
Section 1.2 of the Hydrology and Surface Water Quality TSD. The assessment of potential radiation and
radioactivity effects were documented in the Radiation and Radioactivity TSD. As part of the radiological
assessment, a review was done on the existing monitoring initiatives to determine whether additional field
work was required to accurately characterize existing conditions with respect to radiation and radioactivity.
The availability of existing information on radionuclides in surface water quality suggested that further
monitoring was not required. The REMP provides annual information on radionuclides (tritium and gross
beta) in select surface waters in the Site Study Area. Sampling locations include Baie du Dore (BM4), and
Stream C at the North Access Road (BC-2). This information is reported in Section 5.6 of the Radiation and
Radioactivity TSD.
Radioactivity in surface water samples from the South Railway ditch was measured during 2000 to 2004 as
part of an integrated EA Follow-up monitoring program at the WWMF (KINECTRICS 2005). Concentrations
measured in water samples from 2003/2004 were less than corresponding Method Detection Limits (MDLs)
for the Co-60, Cs-134, Cs-137, K-40, Sr-90, I-129, Tc-99 and Cl-36. The MDLs were below the respective
Ontario Drinking Water Standards (2001) and Canadian Council of Ministers of the Environment guidelines
(CCME 2003). The maximum tritium concentration in surface water from the South Railway Ditch was
measured at 1,850 Bq/kg in 2003/2004 compared to 1,206 Bq/L measured in 2000 (KINECTRICS, 2005, s.
9.1) however still well below the Ontario Drinking Water Standard (MOE 2001). C-14 concentrations in
samples from the South Railway Ditch were slightly above the MDL.
There is high confidence in the radionuclide baseline information for surface water quality. The REMP has
been conducted for more than ten years, under a stringent quality assurance/quality control program.
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. BREP-03419-00010.
CCME. 2003. Canadian Council of Ministers of the Environment. Canadian Environmental Quality
Guidelines.
CNSC. 2003. Regulatory Standard S-106(E) Technical and Quality Assurance Standards for Dosimetry
Services in Canada.IOS. 2005. ISO/IEC 17025:2005: General Requirements for the Competence of Testing
and Calibration Laboratories.
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KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III –
Operational Phase, Report No. K-010669-001-RA-00001 R00.
MOE. 2001. Ministry of the Environment. Ontario Drinking Water Standards. Revised January, 2001.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300).

EIS-03-78a
(Supplementary
response
submitted
August 9, 2012)





Section
10.1.2,
Surface
Water
Section
10.1.6,
Ambient
Radioactivity

Information Request:
Provide information on the details of the drinking water sampling program conducted by Bruce Power,
including the rationale for:





the three water supply plants sampled in the Regional Study Area;
not including other drinking water supplies that may not undergo as much or any treatment;
the radionuclides measured in each sample;
and the supporting information collected for each sample.

Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses).
Provide an explanation for why there are no sampling locations for drinking water on Aboriginal lands. Note
EIS 03-45 where a justification for Regional Study Area boundaries is required.
Provide an explanation for why there does not appear to have been any measurement of radionuclides in
water samples taken for the Hydrology and Surface Water Quality program in the Site Study Area.
Provide a description of the level of confidence in the radionuclide baseline for surface waters in the Project,
Site, Local and Regional Study Areas.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for drinking water.
Therefore, a greater understanding for the basis of the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
Sampling of surface water from North and South Railway Ditches, Stream C and MacPherson Bay took place
in 2007 and 2009 (Appendix E, Hydrology and Surface Water Quality TSD). It No radionuclide analyses were
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provided from these samples.
Section 6.6.6.2 of the EIS and Section 5.6.2 of the Radiation and Radioactivity TSD describe existing data for
“other radionuclides” (i.e. radionuclides other than tritium and carbon-14 plus gross beta measurements).
Sampling for “other radionuclides” appears to have ceased in 2000 due to cesium-137 and cesium-134 being
consistently less than method detection limits (MDL) (EIS, page 6-147).
There is no information provided regarding the total list of radionuclides analysed, nor is there any information
on the location of water samples, the sampling method, and the precision and accuracy built into the sampling
design. The only other sampling for “other radionuclides” appears to have been samples taken from the South
Railway Ditch, North Railway Ditch and Little Sauble River (year is unknown). All results were less than MDL
except for carbon-14 (EIS, page 6-147). Again, there are no details provided regarding the sampling design or
data quality objectives. Provision of additional information on the past surface water sampling designs as well
as an evaluation of the confidence in these data to suffice as a baseline is required to evaluate the
completeness, reliability and defensibility of the assessment.
OPG Response:
In the original response to Information Request (IR) EIS-03-78, OPG indicated that additional information on
the drinking water sampling program would be provided when it became available (OPG 2012).
This response confirms that no additional information is available on the drinking water sampling program.
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)

EIS-03-79

 Section 10.1.2,
Surface Water

Information Request:
Provide additional surface water quality data for the Local Study Area, including MacPherson Bay, Baie du
Doré, North and South Railway Ditches, the north project area wetland, the south project area swamp and
Stream C. At a minimum, the data must include major ions, trace metals, nutrients and all major radionuclides
identified in the waste inventory.
Supporting data must include pH, conductivity, hardness and alkalinity. Samples taken from lake areas must
be obtained from surface, middle and bottom of the water column.
Data from all areas listed above should represent all four seasons.
Provide the data quality objectives for the above sampling plan, including provision for an adequate
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representation of natural variability.
Context:
The data in Table 6.3.5-1 provide historic (1959/1960) to present-day (2007 and 2009) water quality data for
Lake Huron. Interpretation of these data is limited by their relative scarcity. Some of the data points in the
table are from one sample only. In other cases, the number of samples is unknown (footnotes d and e to
Table 6.3.5-1).
There is no information regarding the seasons of sampling in relation to important limnological parameters
such as depth, currents and temperature stratification. There are no data on trace metal concentrations. The
2007 and 2009 data sets do not include analysis of nitrogen compounds, despite the fact that nitrogen
compounds are one of the most common chemicals of concern associated with blasting.
In light of the limited data set, any interpretation of the water quality of Lake Huron and water bodies in the
Regional and Local Study Areas would appear to be tenuous and subject to significant uncertainty. Therefore,
more data are required.
OPG Response:
The Hydrology and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011, Appendix E)
provides the details of the surface water quality sampling program conducted for the DGR Project. Samples
were collected in Stream C, the South Railway Ditch, and MacPherson Bay during 2007 and 2009. The
sampling program did not include sample sites within Baie du Doré because no project effects were
anticipated in this waterbody. However, Stream C, located within the Bruce nuclear site, drains into Baie du
Doré and therefore provides valuable information regarding the quality of water draining to Baie du Doré.
Samples were not collected from the North Railways ditch because it is usually dry and only conveys water
after large rainfall events. The data provided for the sampled locations include pH, conductivity, hardness,
alkalinity, temperature, general chemistry, major ions, metals, nutrients (ammonia-N and phosphorous) and
volatiles. The rationale for this field study, including the selected sampling sites and parameter list, is
provided in the response to Information Request EIS-03-66. A discussion on the rationale for the
radionuclides analyzed in the samples is provided in the response to Information Request EIS-03-67.
Water quality data in Lake Huron is presented in Table 6.3.5-1 of the EIS for comparison to the conditions
found in MacPherson Bay. However, the open waters of Lake Huron are outside of the Site Study Area and
therefore no samples were collected offshore.
Collection of water samples from the surface, middle and bottom of the water column is not warranted in
these waterbodies. The Hydrology and Surface Water Quality TSD (GOLDER 2011, Sections. 5.4.1, 5.4.2)
describes MacPherson Bay as having depths of less than 1 m. The North Railway Ditch is typically dry and
the South Railway Ditch has a mean water depth of 0.15 m (GOLDER 2011, Section 5.4.3.2). Stream C is
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also shallow (GOLDER 2011, Section 5.4.4). The shallow depths of these waterbodies does not allow for
meaningful stratification within the water column.
The sampling events were conducted in May, June and October 2007, and again in May, September and
October 2009. The data collected is representative of three seasons; however, winter conditions were not
sampled due to frozen conditions (SW1 through SW5) and ice safety (SW6) related the collection of surface
water samples.
The surface water sampling program did include analysis for both total ammonia-N and un-ionized ammonia.
At the time of the sampling program design, the underground facilities would be constructed using a boring
machine. Therefore, the use of explosives was not anticipated and nitrate was not included in the analysis on
the surface water samples.
In 2011, a sampling program was initiated to develop a better understanding of baseline conditions in
MacPherson Bay. The program, which includes monthly water quality sampling, includes analysis of nitrates,
nitrites and ammonia, as well as a number of other parameters..
The response to IR EIS-03-67 provides a discussion on the rationale for radionuclides analysed in samples.
Surface water sampling and analysis was conducted under the DGR Project Quality Plan (OPG 2006) and
Project Quality Plan, Deep Geologic Repository Project Environmental Assessment (GOLDER 2007). A
project specific work plan was developed with corresponding quality control procedures. Field aspects of the
work were performed in accordance with the project-specific field work plan and an independent review
verified that field aspects were performed according to the project technical and quality objectives.
Laboratories used for chemical analyses were certified by the Canadian Association for Environmental
Analytical Laboratories. These laboratories were accredited in accordance with ISO 17025-2005. Samples
were submitted under chain-of-custody and within industry accepted sample holding times. Quality assurance
and quality control samples (e.g., field and trip blanks, duplicates and/or spiked samples) were submitted at
the same time as samples collected during field work.
Calibration and maintenance programs are in place for equipment used in the field. In general field
equipment must be:





calibrated and verified at specific intervals or prior to use;
adjusted or readjusted as required;
safeguarded from adjustments that invalidate the measurement results; and
protected from damage and deterioration.

Procedures were in place to address the detection of nonconforming equipment.
Adequate representation of natural variability in measured parameters is obtained from long-term data
records. An extensive period of record for surface water data is available and has been used in the surface
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water quality assessment. In addition to the above, ongoing surface water quality monitoring at MacPherson
Bay is being conducted as part of the EA Follow-up Monitoring Program.
References:
GOLDER. 2011. Hydrology and Surface Water Quality TSD. Report Prepared for Nuclear Waste
Management Organization. NWMO DGR-TR-2011-04. (CEAA Registry Doc# 300)
GOLDER. 2007. Project Quality Plan, Deep Geologic Repository Project Environmental Assessment.
OPG. 2006. L&ILW Deep Geologic Repository Project, Project Quality Plan. 00216-PLAN-00120-00001.

EIS-03-80

 Section 10.1.3,
Groundwater

Information Request:
Provide a profile of the stratigraphic column showing the effective porosity of the stratigraphic horizons.
Context:
The discussion on porosity of rock samples recovered from the DGR boreholes reports total porosity, liquid,
and water-loss porosity. In terms of solute transport, the effective porosity, the proportion of interconnected
pore and fracture volume, is probably more significant.
OPG Response:
In the simulation of solute transport key issues relate to the nature of the interconnected porosity within the
rock mass, measurement scale dependency, diffusion accessible porosity (i.e., anion exclusion), and
evidence from geoscientific characterization (i.e., formation hydraulic conductivities) and environmental
tracers regarding dominant transport processes on geologic time scales. NWMO (2011; Sections 4.3.3, 4.4.4,
4.5, 5.2, 5.4.1 and 5.4.10) presents evidence of a deep-seated saline groundwater system in which solute
transport has remained diffusion dominated on geologic time periods. For the purpose of modelling solute
transport the average liquid porosity was determined as the representative measure of interconnected
porosity through which diffusive transport would occur within the rock matrix. Methods applied to estimate
liquid porosity, the confidence in porosity estimates and derivation of formation (depth) specific averages are
described in INTERA (2011; Sections 4.3.2, 4.15 and 4.16.2). A stratigraphic column illustrating the formation
specific liquid porosities is shown in INTERA (2011) Figure 4.2.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
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Information Request:
Provide information on the details of the groundwater sampling program conducted by Bruce Power, including
location of all sample areas, the frequency of sampling, the number of samples taken per site, the
radionuclides measured in each sample, and the supporting information collected for each sample (e.g. soil
moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for groundwater.
Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report on Radiological
Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
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Groundwater Sampling Program
The groundwater sampling program conducted by Bruce Power is part of the on-going REMP undertaken to
assess the effect of all operations at the Bruce nuclear site, including those of Bruce Power, OPG and AECL.
This program includes sampling within a 20 km radius of the Bruce nuclear site. Data is collected and
reported each year to the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a
calendar basis. As described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is
used as the baseline year for describing existing conditions. Accordingly, the response to this Information
Request is focused on the groundwater sampling program carried out in 2009.
Resident well samples
Groundwater samples were collected from seven shallow and 13 deep wells in the vicinity of the Bruce
nuclear site. Sampling locations are located south and north of the Bruce nuclear site along the Lake Huron
shoreline as well as up to several kilometres inland and are shown in the attached figure. As reported in
Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), well samples are collected bi-monthly for
analysis of tritium and gross beta; however, monitoring for gross beta at all deep wells has been discontinued
as any small contribution by releases from the stations is expected to be negligible compared to natural
background levels. Monitoring results for tritium in the deep well water for the period of 2001 to 2009 are
provided in Table 5.9-1 of the Radiation and Radioactivity TSD (AMEC 2011). The monitoring results for
tritium and gross beta in shallow well water in 2009 are reported in the following table:
Table 1. 2009 Annual Average Tritium and Gross Beta Activity in Shallow Well Water
(BRUCE POWER 2010, Excerpt from Table 2.3.5)
Water Source
(shallow wells)
BR2
BR3
BR4
BR32
BR41
BR42
BF6

Tritium (Bq/L)

Gross Beta (Bq/L)

93.1
79.2
94.4
18.3
31.0
39.6
28.1

0.04

0.71

Site Groundwater
Tritium in groundwater is also measured from a series of multi-stage wells around Bruce A and Bruce B.
Samples are collected semi-annually (June and December) and tritium is measured by liquid scintillation
counting. Monitoring for tritium in groundwater around the Bruce A and B generating stations was initiated as
a result of the Reconnaissance Level Groundwater Quality Monitoring Program Study Bruce Power Nuclear
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Power Development Generating Stations Bruce 1-4 and Bruce 5-8 (Voraurer, et. al. 1998). As part of that
study, 5 multi-level monitoring wells were positioned at each station. The locations of these wells are shown
on Figures 17 and 18 of Vorauer et. al. 1998. The number, position and length of each monitoring zone was
selected based on: 1) the location and surface elevation of each well, 2) the elevation of the
overburden/bedrock contact, 3) the elevation of the corresponding powerhouse foundation, and 4) the
elevation, number and type of fractures found in the rock core.
Table 2.3.6a in the 2009 REMP report (BRUCE POWER 2010) summarizes the results of the semi-annual
sampling for each stage in each multi-level sampling well.
As part of the groundwater sampling activities from the Bruce A and Bruce B wells, field measurements of pH,
conductivity, and temperature are obtained using a calibrated water quality meter.
Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program to ensure the REMP is carried out
at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The quality
assurance program is described in OPG’s response to Information Request EIS-03-78. For convenience, the
most relevant aspects of the groundwater sampling QA are summarized, below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
groundwater pathway in the vicinity of the Bruce Power site as well as background locations. One hundred
percent sample availability (52 samples planned; 52 actual samples) was achieved for the groundwater
samples collected from the Bruce A and Bruce B wells.
Quality Control
There are two types of quality control samples used to accompany the analyses of the groundwater samples
collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. The following
main process control samples are used for groundwater samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Demineralized water samples run as low gross beta samples to detect contamination.

For groundwater samples, results are considered valid when the values for the accompanying quality control
samples are within ±10 percent of the known or expected values. The following table summarizes the 2009
quality control data applicable to the groundwater sampling program. The results were considered acceptable
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and provide confidence in the quality of data for the REMP and the consistency for the laboratory
measurements.
Table 2. 2009 Quality Control Data
(BRUCE POWER 2010, Excerpt from Table 4.4.1)
Sample Type

Drinking water (includes resident well groundwater samples)

Tritium
Low

High

94

103

External Laboratory Comparison
The results of external laboratory comparison for the 2009 quarterly samples all met the imposed test limits
for tritium in water and gross beta in water (BRUCE POWER 2010, Section 4.4.2).
References:
AMEC NSS. 2011. Radiation and RadioactivityTechnical Support Document. NWMO DGR-TR-2011-06.
(CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. BREP-03419-00010 R000.
CNSC.2003, Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003
Vorauer, A., Johnson, H.M., and Jensen, M.R., 1998. OHT Report 6292-001-1997-RA-0001-R00,
Reconnaissance Level Groundwater Quality Monitoring Program Bruce Nuclear Power Development
Generating Stations Bruce 1-4 and Bruce 5-8.
EIS-03-81a
(Supplementary
response
submitted
August 9, 2012)

 Section 10.1.3,
Groundwater
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide information on the details of the groundwater sampling program conducted by Bruce Power, including
location of all sample areas, the frequency of sampling, the number of samples taken per site, the
radionuclides measured in each sample, and the supporting information collected for each sample (e.g. soil
moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
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tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for groundwater.
Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
In the original response to Information Request (IR) EIS-03-81, OPG indicated that additional information on
the groundwater sampling program would be provided when it became available (OPG 2012). This response
confirms that no additional information is available on the groundwater sampling program. However, further
clarification of the original response is provided below.
The original response to this IR included details on annual average tritium and gross beta activity in resident
well water samples (deep and shallow). The location of each of the wells (shallow: BR2, BR3, BR4, BR32,
BR41, BR42, and BF6; deep: BDF11, BF1, BF14, BM12, BM13, BM2, BM9, BR1, BR25, BR37, and BR8) is
shown on the figure, titled Monitoring Site Locations, that was enclosed with the original response to this IR,
and can also be found in Appendix A of the 2009 Radiological Environmental Monitoring Program (REMP)
report (BRUCE POWER 2010). Additionally, two of these off-site wells (one deep and one shallow) are
normally subject to gamma spectrometry twice per year. No fission and activation products are reported in
the REMP report unless the results are above the detection limit. In 2009, three samples were subjected to
this gamma scan as the deep well was not available for sampling on one occasion. No fission and activation
products were detected in 2009. Note that natural nuclides of the uranium and thorium series are not
calculated. No additional supporting information (i.e., non-radiological parameters) is collected for the
resident well water samples.
Groundwater samples from multi-stage wells installed in proximity to the Bruce A and B generating stations
are also collected and analyzed for tritium as explained in the original response provided. As noted, this
program was initiated by Ontario Hydro in 1997 (Vorauer et al. 1998). Parameters measured in samples
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collected in 1998 included field measurements of pH, conductivity and temperature. These parameters are no
longer measured or reported as part of the on-going groundwater sampling program in the wells at Bruce A
and B, and no other non-radiological parameters are measured as part of the on-going monitoring program.
A typographical error in the first column of Table 5.9-2 of the Radiation and Radioactivity TSD (AMEC 2011)
should be noted. The table presented in the TSD lists a series of dates for the Bruce A and Bruce B
monitoring well locations. Instead, this column should present the well number and level at which the sample
was collected. For convenience, the results for the 2009 monitoring program are reproduced from Table
2.3.6a of the 2009 REMP report (BRUCE POWER 2010), and are the same as the tritium concentrations for
2009 reported in Table 5.9-2 of the TSD. The location of each of the Bruce A monitoring wells (BA-1, BA-2,
BA-3, BA-4, and BA-5) and the Bruce B monitoring wells (BB-1, BB-2, BB-3, BB-4, and BB-5) are shown on
the figure that was enclosed with the response to IR-EIS-03-54 (OPG 2012).
Table 3. 2009 Semi-Annual Ground Water Data from Bruce A and Bruce B Monitoring Wells
(from Table 2.3.6a of BRUCE POWER 2010)
Sampling Date
Station

Bruce A

Well Number Level

Elevation to Top of
Zone
Ft (above sea level)

June

December

Tritium
(Bq/L)

±2σ

Tritium
(Bq/L)

±2σ

1-1

547.7

153.9

6.6

82.9

5.3

1-2

559.2

351.4

9.6

200.0

7.8

2-1

536.08

Ld

1.8

Ld

1.9

2-2

550.58

Ld

2.1

Ld

2.5

2-3

566.08

462.0

11.0

499.0

12.0

3-1

536.3

Ld

1.8

Ld

1.9

3-2

550.8

Ld

2.0

Ld

2.5

3-3

560.3

493.0

11.0

506.0

12.0

4-1

552.9

Ld

2.4

Ld

2.1

4-2

567.4

176.6

7.0

131.6

6.50
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5-1

536.21

Ld

1.9

Ld

2.2

5-2

548.71

Ld

1.7

Ld

1.9

1-1

538.82

17.6

3.0

21.1

3.3

1-2

553.32

265.6

8.4

226.6

8.3

1-3

569.82

436.0

11.0

270.6

9.0

2-1

552.04

142.0

6.3

272.8

9.0

2-2

571.54

763.0

14.0

754.0

15.0

3-1

536

Ld

2.4

Ld

2.2

3-2

552.5

48.2

4.0

59.7

4.7

3-3

573

724.0

14.0

659.0

14.0

4-1

539.9

47.5

4.0

47.0

4.3

4-2

558.4

685.0

13.0

421.0

11.0

4-3

572.9

3082

28.0

3161

30.0

5-1

535.95

288.9

8.7

245.3

8.6

5-2

553.45

621.0

13.0

619.0

13.0

5-3

572.95

766.0

14.0

599.0

13.0

Bruce B

Note:
Ld Lower than detection limit
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. NWMO DGR-TR-2011-06
R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010.
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OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
Vorauer, A., Johnson, H.M. and M.R. Jensen. 1998. Reconnaissance Level Groundwater Quality Monitoring
Program Bruce Nuclear Power Development Generating Stations Bruce 1-4 and Bruce 5-8. OHT Report
6292-001-1997-RA-0001-R00.

EIS-03-82

 Section 10.1.4,
Terrestrial
Environment
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual soil sampling program conducted by Bruce Power, including location of all
sample areas, the number of samples taken per site (describe composite method if applicable), the season of
sampling, the radionuclides measured in each sample, and the supporting information collected for each
sample (e.g. soil moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Report under Radiological
Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
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data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
Soil Sampling Program
The soil sampling program conducted by Bruce Power is part of the on-going Radiological Environmental
Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations at the Bruce
nuclear site, including those of Bruce Power, OPG, and AECL. This program includes sampling within a 20
km radius of the Bruce nuclear site. Data is collected and reported each year to the CNSC in accordance with
CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As described in Section 5.1 of the
Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline year for describing existing
conditions. Accordingly, the response to this Information Request is focused on the soil sampling program
carried out in 2009, and provides context for the baseline conditions reported in Section 5.8.4 of the Radiation
and Radioactivity TSD (AMEC 2011).
Individual soil and sand samples (i.e., not composites) were collected from seven different sites in the vicinity
of the Bruce nuclear site. Sampling locations were located at Scott Point (BR2, BR5, and BR4), Inverhuron
Beach, Baie du Doré beach, and an inland farm (BF14) located east of the Bruce nuclear site. Sampling
locations are shown in the Figure attached to the response to Information Request No. EIS-03-81. Bruce
Power also samples an inland background location at Amberley. As reported in Table 2.3.8.6 of the 2009
REMP Report (BRUCE POWER 2010), soil samples are collected annually for analysis of gamma emitters
(K-40, Cs-134, Cs-137 and Co-60). The monitoring results for 2009 are reproduced from the REMP Report in
the following table.
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Table 4. 2009 Soil Data (BRUCE POWER 2010, Table 2.3.8.6)
Potassium -40
Location

Sample
Type

Cobalt60

Cesium134

Cesium-137

(Bq/kg)
(dry
weight)

± 2 standard
deviations

(Bq/kg)
(dry
weight)

(Bq/kg)
(dry
weight)

(Bq/kg)
(dry
weight)

± 2 standard
deviations

Amberley #1
(0-6 inch
depth)

Inland Soil

500.0

13.00

<0.31

<0.35

3.94

0.16

Amberley #2
(6-12 inch
depth)

Inland Soil

446.0

11.00

<0.26

<0.29

2.68

0.31

BR2

Garden
Soil

481.0

13.00

<0.32

<0.38

8.02

0.51

BR5

Garden
Soil

595.0

16.00

<0.33

<0.36

6.15

0.23

BF14

Garden
Soil

626.0

17.00

<0.36

<0.39

4.70

0.19

Baie du Doré
Beach

Lakeshore
Soil

466.0

11.00

<0.24

<0.25

3.04

0.27

Inverhuron
Beach #1

Lakeshore
Soil

338.4

8.80

<0.22

<0.22

0.91

0.10

Inverhuron
Beach #2

Lakeshore
Soil

337.2

8.90

<0.23

<0.23

1.01

0.21

BR4

Lakeshore
Soil

294.5

8.00

<0.27

<0.30

4.56

0.39
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Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The quality
program is described in OPG’s response to Information Request EIS-03-78. .
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
soil pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability – the
number of valid sample analyses divided by the number of planned samples – is the performance measure
used to evaluate the sampling program. In 2009, soil sample availability was 100% (8 samples planned; 8
samples actual).
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-2011-TR-06. (CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003.

EIS-03-82a
(Supplementary
response
submitted
August 9, 2012)

 Section 10.1.4,
Terrestrial
Environment


Section
10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual soil sampling program conducted by Bruce Power, including location of all
sample areas, the number of samples taken per site (describe composite method if applicable), the season of
sampling, the radionuclides measured in each sample, and the supporting information collected for each
sample (e.g. soil moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
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program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
In the original response to Information Request (IR) EIS-03-82, OPG indicated that additional information on
the annual soil sampling program would be provided when it became available (OPG 2012). Based on the
information now available, this addendum includes details on the soil sample procedure and radionuclides
analyzed. No additional supporting information, such as particle size and soil moisture, is collected.
As described in the original response to IR-EIS-03-82 (OPG 2012), soil samples are not composite samples.
The samples are collected according to the following procedural instructions. Sample with a core sampler
and transfer soil or sand into a labeled sample container.







Sampling location should be at the centre of a large, flat, open area and should not be near buildings
or trees; location should be > 100 m from unpaved (i.e., dusty) roads, if possible.
Preferred location for soil sampling is in a vegetated area with moderate to good permeability (i.e.,
reduced run-off potential); soils containing significant organic matter will likely require sampling of a
larger soil volume to ensure adequate sample weight for analysis if the vegetative matter is not to be
analyzed.
Preferred location for lakeshore soil (i.e., sand) sampling is from an area washed by wave action.
Sample should be collected at a depth of 0 to 6” so that all deposited material is sampled. Deeper
depth profiles should be taken if impact of operational or accidental releases of activity is not the key
objective (i.e., fallout deposition is to be quantified).
Label sample container with sample type, date, location, and analysis required.

The procedure requires that K-40, Co-60, Cs-134, and Cs-137, as described in the response provided for IREIS-03-82, are reported. However, if other fission and activation products are detected during the gamma
spectrometry analysis, they are also reported. In 2009, no other fission and activation products were
detected. Note that natural nuclides of the uranium and thorium series are not calculated or reported.
In 2009, the soil samples were collected from November 24 to December 1.
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216417
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CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)

EIS-03-83

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual sediment sampling program conducted by Bruce Power,
including location of all sample sites, the number of samples taken per site, the season of sampling, the
radionuclides measured in each sample, and the supporting information collected for each sample. Provide
the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the tolerable
decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between local and
reference sample stations).
Explain why the 2009 sediment sampling program conducted in the Site Study Area and reported in the
Hydrology and Surface Water Quality TSD did not include radionuclide analyses, as these locations appear
not to have been sampled for sediments according to information presented in the Radioactivity and Radiation
TSD.
Context:
The annual sediment sampling program conducted by Bruce Power forms a major portion of the baseline for
sediments. Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
There appears to have been an opportunity to combine analyses for trace metals and organics with analyses
for radionuclides in the 2009 sediment sampling program conducted in the Site Study Area (in the Railroad
Ditches, Stream C and MacPherson Bay) (Hydrology and Surface Water Quality TSD, Appendix F).
The most recent sediment data for radioactivity in the Project Area appears to be from 2002, during a study
conducted as part of an integrated EA follow-up monitoring program at the WWMF (Radiation and
Radioactivity TSD, page 82). It is not clear that the 2002 program included samples from all of the locations
sampled in 2009.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Report under the
Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site
is prepared. Ontario Power Generation (OPG) operates a background radiological monitoring program and
provides this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and
submits the report annually to the CNSC.
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This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
Sediment Sampling Program
The sediment sampling program conducted by Bruce Power is part of the on-going Radiological
Environmental Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations
at the Bruce nuclear site, including those of Bruce Power, OPG, and AECL. Data is collected and reported
each year to the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar
basis. As described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the
baseline year for describing existing conditions. Accordingly, the response to this Information Request is
focused on the sediment sampling program carried out in 2009, and provides context for the baseline
conditions reported in Section 5.7.1 of the Radiation and Radioactivity TSD (AMEC 2011).
Sediment samples were collected from various locations in the vicinity of the Bruce nuclear site and along the
shore of Lake Huron. Sampling locations were at the Bruce A discharge, Bruce B discharge, three different
sampling points in Baie du Doré, Scott Point, Southampton, Sauble Beach, and Inverhuron. Samples are also
collected at Goderich and Grand Bend to provide background data. Four individual samples are collected for
each sampling point for a total of 36 samples on an annual basis. The samples are dried, sieved, packaged,
and undergo gamma spectrometry. As reported in Table 2.3.7.1 of the 2009 REMP Report (BRUCE POWER
2010), sediment samples were analyzed for K-40, Cs-134, Cs-137 and Co-60. The monitoring results for
2009 are reproduced from the REMP Report in the following table.

Table 5. 2009 Sediment Data
(BRUCE POWER 2010, Table 2.3.7.1)
Potassium -40
Location

Cobalt-60

Cesium-134

Cesium-137

(Bq/kg) (dry
weight)

±2σ

(Bq/kg) (dry
weight)

±2σ

(Bq/kg) (dry
weight)

(Bq/kg) (dry
weight)

±2σ

Bruce A Discharge #1

304.1

8.0

0.50

0.09

<0.23

3.18

0.12

Bruce A Discharge #2

306.5

8.3

0.67

0.10

<0.25

3.44

0.17
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Bruce A Discharge #3

306.3

8.2

0.55

0.09

<0.24

3.09

0.13

Bruce A Discharge #4

323.3

8.4

0.57

0.08

<0.23

3.58

0.29

Bruce B Discharge #1

314.1

8.3

0.67

0.09

<0.22

1.03

0.08

Bruce B Discharge #2

313.3

8.0

0.68

0.09

<0.21

0.90

0.10

Bruce B Discharge #3

323.9

8.6

0.67

0.09

<0.24

0.99

0.08

Bruce B Discharge #4

321.5

8.3

0.76

0.10

<0.22

0.94

0.10

Baie du Doré #5 - #1

376

10

0.85

0.10

<0.27

8.13

0.23

Baie du Doré #5 - #2

372

10

0.75

0.12

<0.29

8.19

0.53

Baie du Doré #5 - #3

372

10

0.76

0.10

<0.27

8.90

0.24

Baie du Doré #5 - #4

367

10

0.69

0.10

<0.28

8.57

0.24

Baie du Doré #6 - #1

397

10

<0.27

<0.26

2.22

0.14

Baie du Doré #6 - #2

384.1

9.6

<0.23

<0.22

2.02

0.1

Baie du Doré #6 - #3

394

10

<0.25

<0.25

2.22

0.15

Baie du Doré #6 - #4

390.3

9.9

<0.23

<0.23

2.24

0.14

Baie du Doré #103 - #1

405

10

<0.25

<0.24

1.61

0.10

Baie du Doré #103 - #2

400

10

<0.23

<0.22

1.54

0.11

Baie du Doré #103 - #3

405

10

<0.25

<0.25

1.66

0.25

Baie du Doré #103 - #4

405

10

<0.23

<0.23

1.55

0.13

Scott Point #1

521

14

<0.31

<0.33

0.19

0.06

420

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Scott Point #2

511

14

<0.30

<0.33

0.30

0.07

Scott Point #3

460

11

<0.26

<0.27

0.22

0.13

Scott Point #4

590

16

<0.34

<0.36

0.22

0.07

Southampton #1

250.5

6.9

<0.21

<0.23

0.21

0.06

Southampton #2

248.6

6.9

<0.21

<0.22

0.23

0.05

Southampton #3

246.6

6.6

<0.20

<0.21

0.21

0.04

Southampton #4

249.2

6.6

<0.20

<0.21

0.21

0.13

Sauble Beach #1

359.5

9.4

<0.23

<0.22

0.92

0.10

Sauble Beach #2

378.9

9.5

<0.20

<0.20

0.94

0.10

Sauble Beach #3

365.4

9.5

<0.22

<0.22

0.89

0.07

Sauble Beach #4

376.4

9.4

<0.22

<0.21

0.88

0.09

R32 (Inverhuron) - #1

279.1

7.5

<0.22

<0.24

0.85

0.07

R32 (Inverhuron) - #2

276.1

7.4

<0.22

<0.24

0.78

0.22

R32 (Inverhuron) - #3

285.9

7.4

<0.20

<0.22

0.95

0.07

R32 (Inverhuron) - #4

277.9

7.2

<0.20

<0.21

?

0.07

As explained in Section 5.5.2.7 of the Hydrology and Surface Water Quality TSD (GOLDER 2011), sediment
samples were collected from the Bruce nuclear site at the same time that surface water samples were
collected. The focus of this sampling program was to gather additional information on metals and
hydrocarbon concentrations in sediments in the site drainage features under existing conditions since run-off
from the DGR Waste Rock Management Area and discharge from the stormwater management system have
the potential to contribute additional non-radiological contaminants. Radionuclides were not measured in the
sediment samples collected in 2009 as part of the DGR field studies since concentrations of gamma emitters
in sediment are measured on an annual basis as part of Bruce Power’s established and CNSC-approved
REMP.
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Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). This quality
program is described in OPG’s response to Information Request EIS-03-78.
For convenience, the most
relevant aspects of the sediment sampling QA are summarized, below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
sediment pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability
– the number of valid sample analyses divided by the number of planned samples – is the performance
measured used to evaluate the sampling program. In 2009, sediment sample availability was 100% (36
samples planned; 36 samples actual).
References:
AMEC NSS . 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003, Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003.
GOLDER. 2011. Hydrology and Surface Water TSD. NWMO DGR-TR-2011-04. (CEAA Registry Doc#299)

EIS-03-83a
(Supplementary
response
submitted
August 9, 2012)



Section
10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual sediment sampling program conducted by Bruce Power,
including location of all sample sites, the number of samples taken per site, the season of sampling, the
radionuclides measured in each sample, and the supporting information collected for each sample. Provide
the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the tolerable
decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between local and
reference sample stations).
Explain why the 2009 sediment sampling program conducted in the Site Study Area and reported in the
Hydrology and Surface Water Quality TSD did not include radionuclide analyses, as these locations appear
not to have been sampled for sediments according to information presented in the Radioactivity and Radiation
TSD.
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Context:
The annual sediment sampling program conducted by Bruce Power forms a major portion of the baseline for
sediments. Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
There appears to have been an opportunity to combine analyses for trace metals and organics with analyses
for radionuclides in the 2009 sediment sampling program conducted in the Site Study Area (in the Railroad
Ditches, Stream C and MacPherson Bay) (Hydrology and Surface Water Quality TSD, Appendix F).
The most recent sediment data for radioactivity in the Project Area appears to be from 2002, during a study
conducted as part of an integrated EA follow-up monitoring program at the WWMF (Radiation and
Radioactivity TSD, page 82). It is not clear that the 2002 program included samples from all of the locations
sampled in 2009.
OPG Response:
In the original response to Information Request (IR) EIS-03-83, OPG indicated that additional information on
the annual sediment sampling program would be provided when it became available (OPG 2012). Based on
the information now available, this addendum includes details on the radionuclides analyzed along with data
obtained from particle size distribution and total organic carbon analyses. No additional supporting
information is collected for samples.
The original response provided for IR-EIS-03-83 (OPG 2012) states that sediment samples were collected
from various locations (nine) in the vicinity of the Bruce nuclear site and along the shore of Lake Huron. Four
individual samples were collected on May 6, 2009 for each sampling point for a total of 36 samples. Sediment
samples were analyzed for K-40, Cs-134, Cs-137 and Co-60. If other fission and activation products are
detected, they are reported; however, in 2009, no other fission or activation products were detected or report
(natural nuclides of the uranium and thorium series are not calculated). The monitoring results for 2009 are
shown in Table 1 of the original response to this IR. Note that the result for Cs-137 for the #4 sample
collected from R32 (Inverhuron) is 0.87 Bq/kg (dry weight) ± 0.07.
In addition to the gamma spectrometry analysis carried out on the sediment samples, data on total organic
carbon and particle size distribution of the samples is reported. Table 1 summarizes the total organic carbon
data, measured by combustion, for the 2009 samples (KINECTRICS 2009).
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Table 6. Total Organic Carbon Content for 2009 Sediment Samples
Location

Total Organic Carbon (%)

Baie du Doré #103

1.42

Baie du Doré #5

1.93

Bruce A Discharge

2.05

Bruce B Discharge

1.51

R32 (Inverhuron)

1.18

Baie du Doré #6

1.28

Southampton

2.33

Sauble Beach

1.50

Scott Point

0.420

Table 2 summarizes the particle size distribution data for the 2009 samples (KINECTRICS 2009). Some of
the samples collected (Baie du Doré #103, Bruce A Discharge, Bruce B Discharge, and Southampton)
contained coarse particles (e.g., large stones and shells) and required sieving. Each of these samples was
passed through a series of screens (6.7 mm, 4.75 mm, 3.36 mm, and 2 mm). The less than (<) 2 mm fraction
was further analyzed by laser diffraction. The samples were analyzed using the Malvern Mastersizer X (MIIA
11214). A representative portion of each sample was suspended in approximately 20 ml of milli-Q water, and
was immersed in a low-power ultrasonic bath (47 kHz) for one minute to aid in disrupting any loosely bound
aggregates.
Table 2. Particle Size Distribution of 2009 Sediment Samples
Location

Baie du Doré #103

Baie du Doré #5

Results
Sieve Size (mm)

Weight (%) Retained

6.7
<6.7 to >4.75
<4.75 to >3.36
<3.36 to >2.00
<2.00
Not Applicable

0.00
0.09
0.83
3.04
96.03
Not Applicable
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d (0.1) µm

d (0.5) µm

d (0.9) µm

Not Applicable

280.02
8.74

480.79
53.73

770.35
204.53
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Bruce A Discharge

Bruce B Discharge

R32 (Inverhuron)
Baie du Doré #6

Southampton

Sauble Beach
Scott Point

6.7
<6.7 to >4.75
<4.75 to >3.36
<3.36 to >2.00
<2.00
6.7
<6.7 to >4.75
<4.75 to >3.36
<3.36 to >2.00
<2.00
Not Applicable
Not Applicable
6.7
<6.7 to >4.75
<4.75 to >3.36
<3.36 to >2.00
<2.00
Not Applicable
Not Applicable

0.33
1.16
1.49
8.87
88.16
1.33
2.01
3.60
7.56
85.50
Not Applicable
Not Applicable
2.04
1.82
2.75
13.33
80.06
Not Applicable
Not Applicable

Not Applicable

77.42

236.86

1002.74

Not Applicable

88.86
215.48
5.27

168.55
371.84
304.61

636.66
621.07
607.32

Not Applicable

384.88
126.46
0.65

885.31
185.34
6.56

1517.87
323.77
47.23

References:
KINECTRICS. 2009. Analytical and Environmental Services Report: 09-01907. Nine Sediment Samples;
Bruce Power Surrounding Coastline.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
EIS-03-84

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual fish sampling program conducted by Bruce Power, including
location of all sample areas, the number of fish samples taken per site (describe composite method if
applicable), the season of sampling, the radionuclides measured in each sample, and the supporting
information collected for each sample, including any information on fish measurements (length, weight, age)
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and health (external and internal examination for pathology).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Context:
The annual fish sampling program conducted by Bruce Power forms a major portion of the baseline for
radionuclides in fish. The commercial fish resource is a major concern to the SON. The recreational fishery is
a significant activity in the area. Therefore, a greater understanding of the basis of the sampling design is
required. In addition, the effort to obtain the fish samples for radionuclide analysis could be complemented by
the collection of data relevant to the fishery (relative abundance, size, age, condition, etc).
More information about the fish sampling program is required to evaluate the defensibility, completeness,
reliability and appropriateness of the baseline program.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report under the
Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site
is prepared. Ontario Power Generation (OPG) operates a background radiological monitoring program and
provides this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and
submits the report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
Fish Sampling Program
The fish sampling program conducted by Bruce Power is part of the on-going Radiological Environmental
Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations at the Bruce
nuclear site, including those of Bruce Power, OPG, and AECL. Data is collected and reported each year to
the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As
described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline
year for describing existing conditions. Accordingly, the response to this Information Request is focused on
the fish program carried out in 2009, and provides context for the baseline conditions reported in Section 5.7.3
of the Radiation and Radioactivity TSD (AMEC 2011).
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Fish samples were collected from various locations around Baie du Doré and the Bruce nuclear site. Fish
were also collected from the western shore of Lake Huron. As reported in Section 5.7.3 of the Radiation and
Radioactivity TSD (AMEC 2011), two fish species are targeted: white sucker (benthic forager) and lake
whitefish (benthic forager that also consumes minnows). Brown bullhead and round whitefish act as back-up
species, respectively. The sampling program is based on the spawning periods of the target species.
Suckers were sampled in spring and whitefish were sampled in fall.
The flesh from the ventral to lateral line from the fish collected was included in the samples that were
prepared for analysis. Individual fish were analyzed for K-40, Co-60, Cs-134 and Cs-137 using gamma
spectrometry. Eight composite samples were prepared for whitefish and suckers from the individual fish
collected from Baie du Doré and from the individual Lake Huron fish. These composite samples were
analyzed for gamma emitters (K-40, Co-60, Cs-134, Cs-137), tritium oxide (HTO) and C-14. Additionally, a
single composite was prepared for each type of fish samples, and was analyzed for organically bound tritium
(OBT). The flesh from the fish sample is freeze dried and the water collected was analyzed for liquid
scintillation counting for tritium oxide. The solid residue was washed to remove all tritium oxide and was then
combusted. The water was collected and analyzed for tritium by liquid scintillation counting, and the CO2 was
collected and analyzed for C-14 by liquid scintillation counting. The monitoring results for the fish samples
collected in 2009 are reproduced from Table 2.3.7.2 in the 2009 Annual REMP Report (BRUCE POWER
2010) for convenience.
Table 7. 2009 Annual Fish Data
(BRUCE POWER 2010, Table 2.3.7.2)
Sample
Location

Fish
Type

Tritium

Carbon‐14

Bq/L

±2σ

Bq/kg

±2σ

11.2
13.5
10.3
7.6
9.2
10.7
12.2
10.1

2.7
2.8
2.6
2.5
2.6
2.6
2.7
2.6

240
254
238
270
236
267
238
253

29
29
29
31
28
29
28
28

30.5

3.6

225

29

Organically
Bound Tritium
Bq(H3)/L ±2σ

Potassium ‐
40
Bq/kg ±2σ

Cobalt‐
60
Bq/kg

Cesium‐
134
Bq/kg

Bq/kg

±2σ

Cesium‐137

Bruce Power
Sucker #1
Sucker #2
Sucker #3
Sucker #4
Sucker #5

Baie du Doré

Sucker #6
Sucker #7
Sucker #8
Whitefish
#1
Whitefish
#2

28.4

3.5

234

427

29

10.5

3.1

9.6

3.0

139.90
131.40
133.20
137.20
127.80
129.30
139.30
125.90

4.7
4.6
4.5
4.7
4.3
4.6
4.9
4.4

<0.18
<0.18
<0.17
<0.19
<0.16
<0.19
<0.20
<0.19

<0.14
<0.16
<0.14
<0.15
<0.13
<0.15
<0.16
<0.15

0.28
0.28
0.27
0.29
0.27
0.28
0.28
0.32

0.08
0.09
0.07
0.08
0.07
0.08
0.08
0.07

125.5

4.0

<0.16

<0.13

0.32

0.06

124.9

4.1

<0.16

<0.13

0.31

0.06
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Whitefish
#3
Whitefish
#4
Whitefish
#5
Whitefish
#6
Whitefish
#7
Whitefish
#8

14.3

2.9

229

28

138.7

4.8

<0.20

<0.16

0.42

0.09

29.2

3.5

241

29

135.0

4.2

<0.16

<0.12

0.39

0.07

22.9

3.3

257

30

145.7

5.0

<0.19

<0.16

0.43

0.09

28.1

3.5

230

30

136.1

4.5

<0.17

<0.13

0.26

0.06

13.8

2.9

236

28

127.8

4.2

<0.18

<0.14

0.37

0.08

18.1

3.1

252

29

124.6

4.0

<0.15

<0.13

0.18

0.06

<Ld
<Ld
<Ld
<Ld
<Ld
<Ld
<Ld
<Ld
<Ld

2.2
2.2
2.2
2.2
2.2
1.9
2.6
2.2

232
230
228
200
208
213
221
241

29
27
29
27
26
27
27
29

99.5
106
110.1
102.7
103.3
113.7
106.4
109.6

3.3
3.7
3.8
3.4
3.6
4.0
3.7
3.7

<0.14
<0.16
<0.16
<0.14
<0.16
<0.16
<0.17
<0.16

<0.12
<0.14
<0.14
<0.11
<0.14
<0.13
<0.13
<0.13

0.13
0.13
<0.10
0.09
0.18
0.14
0.09
0.15

0.05
0.06

2.1

250

30

120.0

3.9

<0.15

<0.12

0.63

0.08

<Ld

2.1

257

30

122.0

4.1

<0.17

<0.14

0.56

0.08

<Ld

2.1

251

29

118.9

3.8

<0.16

<0.13

0.46

0.08

<Ld

124.2

4.1

<0.17

<0.14

0.67

0.09

Bruce Power Control Data
Sucker #1
Sucker #2
Sucker #3
Sucker #4
Sucker #5
Sucker #6
Sucker #7
Sucker #8

Lake Huron –
Far Field

Whitefish
#1
Whitefish
#2
Whitefish
#3
Whitefish
#4
Whitefish
#5
Whitefish
#6
Whitefish
#7
Whitefish
#8

7.5

2.9

0.05
0.07
0.06
0.05
0.07

2.1

237

29

<Ld

2.5

243

29

118.5

4.1

<0.16

<0.14

0.58

0.08

<Ld

2.5

235

30

115.4

3.9

<0.16

<0.14

0.38

0.08

<Ld

2.4

240

30

117.8

3.8

<0.15

<0.12

0.62

0.09

7.1

2.6

231

29

112.2

3.8

<0.16

<0.13

0.52

0.08

8.5

2.9

NOTE: Ld < 5.3-5.5 Bq/L

Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program to ensure the REMP is carried out
at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). This program is
described in OPG’s response to Information Request EIS-03-78. For convenience, the most relevant aspects
of the fish sampling QA are summarized, below.
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Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
fish pathway in the vicinity of the Bruce Power site as well as background locations. In 2009, fish sample
availability was reported as 100% (32 samples planned; 32 samples actual).
Quality Control
Process control samples are low analyte samples that are treated as real samples and go through the same
handling process so that contamination and specific sources of error can be detected. The following main
process control samples are applicable to fish samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Coal (low carbon-14) samples to detect problems with carbon-14 analyses.

External Laboratory Comparison
The results of the external laboratory comparison for the 2009 quarterly samples all met the imposed test
limits for tritium in water and gamma emitters in water (BRUCE POWER, 2010, Section 4.4.2).
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Reporting Requirements for Operating Nuclear Power Plants, Regulatory Standard S-99.
ISO. 2005. International Organization for Standardization. ISOTEC 17025:2005. General Requirements for
the Competence of Testing and Calibration Laboratories.
EIS-03-84a
(Supplementary
response
submitted
August 9, 2012)



Section
10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual fish sampling program conducted by Bruce Power, including
location of all sample areas, the number of fish samples taken per site (describe composite method if
applicable), the season of sampling, the radionuclides measured in each sample, and the supporting
information collected for each sample, including any information on fish measurements (length, weight, age)
and health (external and internal examination for pathology).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
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Context:
The annual fish sampling program conducted by Bruce Power forms a major portion of the baseline for
radionuclides in fish. The commercial fish resource is a major concern to the SON. The recreational fishery is
a significant activity in the area. Therefore, a greater understanding of the basis of the sampling design is
required. In addition, the effort to obtain the fish samples for radionuclide analysis could be complemented by
the collection of data relevant to the fishery (relative abundance, size, age, condition, etc).
More information about the fish sampling program is required to evaluate the defensibility, completeness,
reliability and appropriateness of the baseline program.
OPG Response:
In the original response to Information Request (IR) EIS-03-84, OPG indicated that additional information on
the fish sampling program would be provided when it became available (OPG 2012). Based on the
information now available, this addendum includes the sample composite method, specific sampling location
for far field fishes, and basic fish meristics. Neither aging data nor fish health assessment from external and
internal examination for pathology information is available.
Composite Method and Analysis
The sample analyzed include only fish flesh (fillet) since this is representative of the human diet. Gamma
spectrometry analysis requires a 500 mL sample, hence individual samples are usually comprised of flesh
from several fish as most individual fish are not sufficiently large to provide the required quantity of flesh. As
explained in the response provided for IR EIS-03-84, the individual composite samples are analyzed for K-40,
Co-60, Cs-134 and Cs-137 by gamma spectrometry. A subsample of each sample, comprised of pieces of
flesh from different areas within the sample container, is freeze-dried and the water is collected and analyzed
for tritium oxide by liquid scintillation counting. A subsample of the dried flesh is combusted and then
analyzed for C-14 by liquid scintillation counting. Additionally, a 32 g composite sample is prepared by taking
4 g from each of the eight dried samples, which is analyzed for Organically Bound Tritium by washing to
remove all free tritium oxide and then combusting the composite sample. The combustion water is collected
and analyzed for Organically Bound Tritium by liquid scintillation counting.
Far Field Sampling Locations
White suckers are collected from Saginaw Bay, Michigan. Lake whitefish are collected from Thunder Bay,
Michigan.
Fish Meristics Data
As noted in the original response to IR-EIS-03-84 (OPG 2012), 32 samples were collected in 2009. Since
more than one fish is usually required to obtain the necessary volume of flesh to perform the analyses, more
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than 32 fish were collected as part of the gillnetting program. The following tables (i.e., Tables 1, 2, 3, and 4)
provide a summary of the supplemental data recorded for each of the fish collected.
Table 1. Meristical Data for Whitefish Sampled Near Baie du Doré (November 2009)
Fish ID

Species

Replicate
#(1-8)

Fork Length
(mm)

Tail Length
(mm)

Body Mass
(g)

Sex

1

Round

1

353

395

529

F

2

Round

1

421

474

921

F

3

Round

1

370

419

686

F

4

Round

3

350

385

479

F

5

Round

2

305

390

528

F

6

Round

3

362

402

455

M

7

Round

2

374

409

606

F

8

Round

2

394

438

809

F

9

Round

3

405

456

996

F

10

Round

4

382

436

579

M

11

Round

5

326

370

380

M

12

Round

4

352

390

546

F

13

Round

4

362

408

543

M

14

Round

5

372

425

679

F

15

Round

6

383

440

810

F

16

Round

5

361

411

703

F

17

Round

6

379

430

652

F

18

Round

6

361

411

597

F

19

Round

7

470

511

977

F

20

Round

7

478

490

993

F

21

Round

8

407

441

740

M

431

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
22

Round

8

416

452

740

F

23

Round

7/8

383

418

629

M

Table 2. Meristical Data for Whitefish Sampled Near Thunder Bay, Michigan (October 2009)
Fish ID

Species

Replicate
#(1-8)

Fork Length
(mm)

Tail Length
(mm)

Body Mass
(g)

Sex

1

Lake

1

495

546

1594

F

2

Lake

1

476

535

1219

M

3

Lake

1

495

540

1530

M

4

Lake

2

413

571

1870

M

5

Lake

2

448

505

1079

M

6

Lake

2

450

505

1173

M

7

Lake

3

563

613

2077

M

8

Lake

3

462

512

1371

M

9

Lake

3

468

520

1253

M

10

Lake

4

529

594

1893

M

11

Lake

4

560

603

1569

M

12

Lake

4

461

516

1193

M

13

Lake

5

500

558

1759

M

14

Lake

5

491

548

1296

M

15

Lake

5

472

517

1309

M

16

Lake

6

467

512

1318

M

17

Lake

6

490

545

1430

M

18

Lake

6

457

510

1111

M

19

Lake

7

577

637

2592

M

20

Lake

7

478

530

1302

M
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21

Lake

7

450

502

1158

M

22

Lake

8

522

580

1845

M

23

Lake

8

497

597

1612

M

24

Lake

8

472

522

1339

M

Table 3. Meristical Data for Suckers Sampled Near Baie du Doré (May 2009)
Fish ID

Species

Replicate
#(1-8)

Fork Length
(mm)

Tail Length
(mm)

Body Mass
(g)

Sex

1

White

1

498

533

1820

F

2

White

1

450

482

1110

F

3

White

1

388

411

600

M

4

White

2

508

541

1670

F

5

White

2

460

495

1280

F

6

White

2

388

405

770

F

7

White

3

489

528

1840

F

8

White

3

370

400

650

M

9

White

3

286

301

170

M

10

White

4

483

508

1800

F

11

White

4

741

500

1450

F

12

White

4

335

355

410

M

13

White

5

500

533

1370

F

14

White

5

362

384

510

M

15

White

5

340

365

500

M

16

White

6

480

519

1680

F

17

White

6

441

475

980

M

18

White

6

338

354

590

M
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19

White

7

472

503

1790

F

20

White

7

482

512

1200

F

21

White

7

352

372

500

M

22

Longnosed

8

457

484

970

F

23

Longnosed

8

440

469

950

F

24

Longnosed

8

480

506

990

F

Table 4. Meristical Data for Suckers Sampled Near Saginaw Bay, Michigan (September 2009)
Fish ID

Species

Replicate
#(1-8)

Fork Length
(mm)

Tail Length
(mm)

Body Mass
(g)

Sex

1

White

1

380

412

800

M

2

White

1

367

400

745

F

3

White

1

402

433

871

F

4

White

1

375

409

833

M

5

White

2

425

460

1206

F

6

White

2

460

504

1216

F

7

White

2

384

416

873

M

8

White

2

366

394

683

M

9

White

3

390

420

775

M

10

White

3

372

397

699

M

11

White

3

361

390

562

M

12

White

3

404

435

904

M

13

White

4

422

446

1110

F

14

White

4

390

420

825

M

15

White

4

372

400

768

F
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16

White

4

370

395

812

M

17

White

5

360

373

597

M

18

White

5

381

408

766

M

19

White

5

377

410

784

M

20

White

5

363

390

708

M

21

White

6

412

444

833

M

22

White

6

405

435

926

F

23

White

6

367

396

663

M

24

White

6

350

378

593

M

25

White

7

380

408

771

M

26

White

7

412

442

1022

F

27

White

7

385

411

802

F

28

White

7

389

420

788

F

29

White

8

390

418

896

F

30

White

8

365

395

730

M

31

White

8

393

423

858

F

32

White

8

385

414

825

F

Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
EIS-03-85

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the condition and qualities of the wetlands within 500 m of the Project Area.
Context:
The EIS is limited to the examination of the condition and qualities of the wetlands on and within 100 m of the
Project Area. The survey includes the creation of an inventory the vascular plants in these features, which is
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used to conclude that no plant community of special significance to Aboriginal peoples has been identified in
the Project Area, and no vascular plant species with special significance have been identified.
Dust, run-off etc during exceptional climatic events may impact sensitive plant communities outside the
surveyed range.
OPG Response:
The Project Area is located within the Bruce nuclear site, and virtually all features within 500 m of the Project
Area fall within the Site Study Area. The Terrestrial Environment Technical Support Document (TSD)
(GOLDER 2011) described those wetland features located within the Project Area, the Site Study Area and
the Local Study Area (which includes features beyond 500 m of the Project Area).
Reporting efforts in the Terrestrial Environment TSD (GOLDER 2011) were focussed on features that had the
potential to be affected either directly or indirectly by the DGR Project. This area included the Project Area
and lands within 100 m of the Project Area. Classification of all plant communities, both upland and wetland,
followed the Ecological Land Classification System for Southern Ontario (ELC), First Approximation and Its
Application (Lee et al. 1998).
As described in the Terrestrial Environment TSD, the two wetland features that occur in the DGR Project Area
are, in part, defined by fill placement. These include a wetland located in the northeast corner of the Project
Area, and a seasonal swamp located in the southeast portion of the Project Area [as shown on Figure 5.4.1-1
of the Terrestrial Environment TSD (GOLDER 2011)].
Figure 1 (attached at the end of the IR responses) shows additional wetland features located within 500 m of
the Project Area. A number of individual wetland units were mapped within the Bruce nuclear site in 2001 and
updated in 2007 as part of the Bruce New Nuclear Power Plant Project Environmental Assessment (BRUCE
POWER 2008), including all those within 500 m of the DGR Project Area. Appendix F of that assessment
(BRUCE POWER 2008) provides a classification and a detailed description of each of these wetland
communities following the ELC system referenced above. An excerpt from Appendix F is shown below.
Those wetland communities within 500 m of the DGR Project Area (shown in the attached Figure 1) include
the following:






Three individual meadow marshes dominated by reed canary grass (two within 500 m and one
partially within);
Three shallow water marshes dominated by common cattail (one within 500 m and two partially
within);
One mixed forest-swamp dominated by eastern white cedar, trembling aspen, red ash and white elm
(located partially within 500 m);
One hardwood forest swamp dominated by red/green ash (partially within 500 m); and
Three mixedwoods forest-swamp dominated by poplar, balsam fir and balsam poplar (two within
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500 m and one partially within).
EXCERPT FROM TABLE F.2 OF THE BRUCE NEW NUCLEAR POWER PLANT PROJECT EA –
TERRESTRIAL ENVIRONMENT TSD (BRUCE POWER 2008)
Unit

Description

WETLAND
Marsh (MA)
Meadow Marsh (MAM)

MAM2-2
Reed canary grass meadow on mineral
soil

This community is dominated by reed canary grass
(Phalaris arundinacea) and appears to have
developed in the shallow basin of a drowned conifer
stand. Numerous dead white cedars are present, as
well as a few dead white birch and tamarack. Canes
of red raspberry (Rubus idaeus) are present on some
of the drier hummocks but species diversity is quite
low.

Shallow Marsh (MAS)

MAS 2-1
Shallow Marsh on mineral substrate

Deciduous Swamp (SWD)

437

This is a more or less permanently flooded community
dominated by cattails (Typha spp.). The water level
drops through the growing season but soils remain
wet. Wetland plants that are scattered through the
community include water plantain (Alisma plantagoaquatica), northern willowherb (Epilobium ciliatum),
duckweed (Lemna minor), northern bugleweed
(Lycopus uniflorus) and purple loosestrife.
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SWD 2-2
Deciduous Swamp on mineral substrate

Mixedwoods Swamp (SWM)
SWM 1-1

Mixedwoods Swamp on mineral
substrate

SWM 3-2

Mixedwoods Swamp on mineral
substrate

This swamp community is dominated by red (or green)
ash with scattered trembling aspen and white elm
(Ulmus americana). The trees are relatively young
and the same species also make the main contribution
to the understory. Ground cover is patchy and
sensitive fern (Onoclea sensibilis) is the most frequent
species.

White cedar, trembling aspen, red ash and white elm
are the principal species of this seasonal swamp
community. The understory is sparse with scattered
saplings of the main trees and red osier dogwood
(Cornus stolonifera). The ground cover is equally
patchy and sparse with panicled aster (Aster
lanceolatus) being most frequent.
A mixedwoods community dominated by trembling
aspen with some balsam poplar and balsam fir,
particularly in the understory. Red osier dogwood is
also scattered through the understory. Ground cover
is patchy but moderately abundant. Sensitive fern
(Onoclea sensibilis), fowl manna grass (Glyceria
striata) and spotted jewelweed (Impatiens capensis)
are the most frequent species.

Note: Only those wetland communities identified within 500 m of the DGR Project Area are
described.
The Terrestrial Environment TSD (GOLDER 2011) included consideration of indirect effects through changes
in the physical environment. Changes in the atmospheric environment (i.e., air quality, noise levels, light,
vibration) were predicted at ecological receptor locations in the Site Study Area, including locations in close
proximity to wetland features [Appendix J of the Atmospheric Environment TSD (GOLDER 2011a)]. The
results were then used in the Terrestrial Environment TSD to assess the indirect effects on plant and wildlife
VECs. The assessment concluded that there would be no adverse effects on VECs in the terrestrial
environment.
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EIS-03-86

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide additional sediment quality data for the Local Study Area, including MacPherson Bay, Baie Du Doré,
North and South Railway Ditches, the north project area wetland, the south project area swamp and Stream
C. At a minimum, the data must include trace metals and all major radionuclides identified in the waste
inventory
Supporting data must include sediment particle size distribution, percent moisture and total organic carbon.
Provide the data quality objectives for the above sampling plan, including provision for an adequate
representation of natural variability.
Context:
The Hydrology and Surface Water Quality TSD, states on page 62 that: “Unless major changes occur within a
stream, changes in sediment quality (if any) are expected to occur slowly over time. It is therefore considered
appropriate to use one sampling event to define the existing conditions.”This statement is not supported by
adequate data. Provision of additional sediment data is required to establish a basis for evaluation of the
defensibility and appropriateness of the assessment.
OPG Response:
For the purpose of the DGR Project, bottom sediment samples were collected during the September 2009
water quality sampling program. The objective of the sediment sampling program was to identify areas of
contamination and to confirm known areas of contamination. Therefore, sediment samples were collected at
six locations in the Site Study Area where contamination was likely: two from Stream C, two in the South
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Railway Ditch, one in MacPherson Bay and one at a drainage culvert under Interconnecting road. Stream C,
located within the Bruce nuclear site, drains into Baie du Doré and therefore provides valuable information
regarding the quality of water draining to Baie du Doré, as described in the response to Information Request
EIS-03-79.
The samples collected were analyzed for various parameters including total organic carbon, moisture, metals,
polychlorinated biphenyls and hydrocarbons (Appendix F of the Hydrology and Surface Water Quality
Technical Support Document). Exceedances of the sediment criteria only occur for a few parameters in the
South Railway Ditch and drainage culvert. Sediment size distribution of the samples was not determined.
Historical data was also used to describe existing sediment quality for the DGR Project. Between 1997 and
2001 Ontario Power Generation (OPG) submitted environmental assessment (EA) reports for a Used Fuel
Dry Storage Facility and another for additional storage capacity for low and intermediate level waste at the
Western Waste Management Facility (WWMF). A three-phase EA monitoring program was completed in
support of these projects. Phase I, in 2000, was baseline monitoring. Phase II, from 2001 to 2002 was
construction monitoring (OPG 2005a) and Phase III, from 2003 to 2005, was operations phase monitoring
(OPG 2005; KINECTRICS 2005).
Sampling was conducted in the Railway Ditch and south Project Area wetland, and included surface water
and sediment sampling for radionuclides and chemical compounds. Sediment samples were collected in the
upper 10 cm of sand/silt/clay substrate. The results of the November 2003 and June 2004 sampling events,
as well as two Figures showing the location of the sampling sites, are provided in the attached file.
Supporting information on sediment particle size distribution, percent moisture and total organic carbon were
not reported.
Maximum Sediment Radionuclide Concentrations for on-site samples are summarized below. Detailed
results for the Phase II and Phase III sediment monitoring are also provided.
Maximum Sediment Radionuclide Concentrations

Analyte

Units

CCME
Guideline

MOE
Guideline

Maximum Value Ditch –WWMF (7 Sites)
20011

20021

20032

20042

Tritium

Bq/kg

N/V

N/V

2300

n/s

592

2368

C-14*

Bq/kg

N/V

N/V

440

440

380

<250

Co-60

Bq/kg

N/V

N/V

43

15.17

6.3

1.4
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Cs-134

Bq/kg

N/V

N/V

<1

<1

<1.1

<1.1

Cs-137

Bq/kg

N/V

N/V

75

103.6

25.5

27.0

K-40

Bq/kg

N/V

N/V

450

444

359

366.3

Cl-36

Bq/kg

N/V

N/V

<50

n/s

N/A

<100

I-129

Bq/kg

N/V

N/V

<50

n/s

N/A

<25

Sr-90

Bq/kg

N/V

N/V

<3.7

n/s

N/A

<5

Tc-99

Bq/kg

N/V

N/V

<50

n/s

N/A

<25

Notes:
NV - no value
* - Becquerel per kilogram carbon
N/A - Not Analyzed
n/s – not sampled
Source: 1 OPG, 2005a. Western Waste Management Facility Integrated EA Follow-up Program, Phase II Report –
During Construction Phase Report No 01098-REP-07701.8-10001-R01
2 Kinectrics, 2005. Western Waste Management Facility Integrated EA Follow-up Program, Phase III –
Operational Phase October 2003 – May 2005. Report K-010669-001-RA-0001-R00.

The results show that while two sites in the Railway Ditch (Sites 2 and 3) contained relatively higher sediment
radiological activities during construction, these levels dropped off considerably after completion of
construction except for tritium at Site 7. It was not clear whether this elevated concentration at the
downstream site was due to WWMF sources.
Results for metals analysis indicate that for copper, aluminum, cadmium, chromium, iron and zinc, sediments
upstream of the Used Fuel Dry Storage Facility (UFDSF) area of the WWMF contain higher metal
concentrations, especially at Site 3 and during the construction period of Low Level Storage Building 8. Site 3
is at a subsurface drainage pipe outlet location. The fluctuating concentrations could be caused by the
drainage discharge during WWMF maintenance activities and construction activities at the UFDSF. Several
of the metals, including cadmium, chromium, copper, and zinc, exceeded the CCME or MOE sediment quality
guideline/criterion values, consistent with sampling conducted for the DGR Project.
BRUCE POWER (2010) includes sediment sampling at two locations in Baie du Doré. Samples are analyzed
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for K-40, Co-60, Cs-134 and Cs-137. Results indicate that the primary radionuclides present in the sediment
samples are K-40 and Cs-134. Cs-134 was below detection limits in all sediment samples at the Bruce
nuclear site in 2009.
The deposition of sediments in natural water bodies occurs at a slow rate (e.g., typically less than a few
millimetres per year). A sample that includes the top few centimetres of sediment can be representative of
the environmental conditions of last decade or more. Therefore, collecting supplementary samples would not
provide any additional information regarding temporal changes in sediment quality. Also, radionuclide and
chemical contaminant data are provided for several sites in the Local Study Area. The results demonstrate
little change in concentration over time. Additional sediment sampling is not considered warranted.
Quality Assurance and Quality Control (QA/QC)
Quality control (QC) samples were collected as part of the sampling program to ensure that sample quality
was acceptable and to provide a quantitative measure of accuracy and precision of the chemical results. The
QC samples consisted of sample duplicates, in accordance with the Ministry of the Environment (1996)
document Guidance on Sampling and Analytical Methods for Use at Contaminate Sites in Ontario.
A field QA/QC plan prepared for Phase III of the monitoring program required a full account of the event that
took place around each sampling episode, including properly completed field notes, properly labelled sample
bottles, chain of custody forms and demonstrated proof of correct procedures.
Samples were analyzed for radionuclides at Kinectrics Radiological Laboratory. The lab was accredited by
the Standards Council of Canada/Canadian Association of Environmental Analytical Laboratories (CAEAL)
Program for specific radionuclide analysis. All samples for chemical parameters were analyzed at Kinectrics
Analytical Laboratory which was accredited by the CAEAL Program. Kinectrics is an ISO 9001 QMS
registered company.
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EIS-03-87

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Describe the basis for the design of the ground gamma survey conducted in the fall of 2000 from Inverhuron
Provincial Park to Scott Point (EIS, page 6-149).
Present the objective of the survey. Include the rationale for the selection of this particular stretch of shoreline
and explain the spatial extent (15 km). Explain the relevance of the observed results.
Present the rationale for the follow-up survey conducted by Bruce Power in 2002. Explain whether the followup survey encompassed the same length of shoreline as the original survey and if not, why not.
Explain the relevance of the observed results in more detail than presented in the EIS or TSD such that there
is a clear understanding of the source of the observed levels of cobalt-60.
Context:
The brief section describing the shoreline gamma survey (EIS, page 6-149 and TSD page 82) lacks sufficient
background information. Additional detail is required to evaluate the reliability and relevance of the results to
the DGR project.
OPG Response:
1) Introduction
The key findings of the fall 2000 and November 2001 surveys have been summarized in the Environmental
Impact Statement and Radiation and Radioactivity Technical Support Document (TSD). Supplementary
information from these two surveys is presented below as requested.
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2) Gamma Radiation Survey in 2000
2.1 Objectives
The purpose of the survey was to identify areas with elevated levels of activity that could indicate the
presence of residual radioactive material attributable to the operation of nuclear facilities at Bruce nuclear site.
In particular, the areas of concern included the shoreline around the Douglas Point facility where 137Cs and
60
Co contamination had been discovered on site and the area around Scott Point where one previous soil
sample had 137Cs and 60Co activity concentrations of 88 and 2.5 Bq/kg, respectively (OPG 2000, Section 3.6).
2.2 Description of the Survey
The survey consisted of the following four tasks:
1. Gamma scans of 15 km of shoreline in the area of and including the Bruce nuclear site;
2. In situ gamma spectrometry measurement of soil samples supplemented with radiochemical analysis
of soil samples in laboratory;
3. Investigation of the area adjacent to the spent fuel bay of the Douglas Point facility; and
4. Investigation of the rocky shore adjacent to the Douglas Point culvert.
Gamma scans were carried out from Inverhuron (south of the Bruce nuclear site) to Scott Point (north of the
Bruce nuclear site), as illustrated in Figure 1. The scanned area included the entire shoreline along the Bruce
nuclear site property as well as approximately 5 km north and 5 km south of the property (GRASTY 2001,
Section 2.1).
The scans were carried out on foot, using an Exploranium GR320 gamma spectrometer. Thorough
calibration tests were performed on the spectrometer systems before the survey commenced. Verification
and processing of the data were carried out each day in the field office (GRASTY 2001, Section 2.1).
To confirm the shoreline scan results, fifteen in situ gamma spectrometry measurements of soil samples
taken along the scan lines were conducted as part of the survey, using the same equipment as used for the
shoreline gamma scan. The soil samples were also taken for laboratory radiochemical analysis. For
background reference purposes, five similar measurements were taken well outside the surveyed areas
(GRASTY 2001, Section 3.1). The locations of in situ measurements are illustrated in Figure 2.
A detailed investigation covering a potentially contaminated area of 34.7 × 13.7 m, adjacent to the spent fuel
bay of the Douglas Point facility was conducted, along with the investigation of an area of 30.5 × 61.0 m on
the rocky shore adjacent to the Douglas Point culvert. The equipment used was an Exploranium GR320
gamma spectrometer, the same as that used for the shoreline scan.
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Figure 1. Shoreline Gamma Scan (GRASTY, 2001, Figure 1)
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Figure 2. In Situ Measurements and Soil Sampling Locations (GRASTY 2001, Figure 7)
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2.3 Results of the Survey
Shoreline gamma scans
The measured 137Cs concentrations were generally low with an average activity concentration of around 0.2
Bq/kg above background. No 60Co was detected during the gamma scans (GRASTY 2001, Section 2.4 and
Section 6).
However, several measurements in the boggy area of Baie du Doré showed 137Cs values up to 50 Bq/kg,
similar to those found previously at Scott Point. But it was difficult to determine whether the elevated 137Cs
levels were due to the operation of Bruce nuclear or whether they were due to weapons testing fallout as
measurements taken in boggy areas in southern Manitoba also showed 137Cs values of 100 Bq/kg or more
(GRASTY 2001, Section 2.4).
In situ gamma spectrometry measurements and soil sampling
The results of in situ gamma spectrometry measurement showed extremely low levels of 137Cs with the
exception of two samples. The two anomalous results were from Scott Point (northern end of the range) and
the southern area of Baie du Doré, both of which are boggy areas and where high values of 137Cs had been
detected during the shoreline gamma scan. However, it was noted that both measurements are considerably
lower than those found in boggy areas in other parts of Canada (GRASTY 2001, Section 3.4).
The results of the laboratory measurements on soil samples supported the findings of in situ measurement:
the location of the highest 137Cs measurement was consistent with the location of the highest field
measurement (GRASTY 2001, Section 3.4). The laboratory analyses show low levels of 60Co for two samples
within the Bruce nuclear site and three samples north of the site. The presence of 60Co indicates some
influence of the Bruce nuclear site on the shoreline material (GRASTY 2001, Section 3.4).
Investigation on area adjacent to the spent fuel bay of the Douglas Point facility
From the investigation, 137Cs activity concentrations ranged from typical background levels of 3 to 6 Bq/kg to
as high as 7500 Bq/kg. The highest 137Cs levels were measured in the drainage ditch. 60Co activity
concentrations generally correlated with the high levels of 137Cs. However, one of the highest 60Co activity
concentrations (20 Bq/kg) was found in the north-eastern corner of the survey area where the 137Cs activity
concentration was relatively low (60 Bq/kg). This suggests that there has been more than one contamination
incident.
Investigation on the rocky shore adjacent to the Douglas Point culvert
The measurement on the rocky shore adjacent to the Douglas Point culvert showed only low levels of 137Cs
and 60Co. No point sources of 137Cs and 60Co were detected in this area based on the method detection limit
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of 14.8 kBq for 137Cs and 11.1 kBq for 60Co.
3 Follow-up Survey in 2001
As elevated levels of 137Cs were found in Baie du Doré during the 2000 survey, a follow-up survey was
performed in November 2001 and reported in 2002. The follow-up survey didn’t cover the full 15 km length of
shoreline investigated during the 2000 survey. Instead, it included a few locations in the vicinity of Bruce
nuclear site, specifically the area along the south shoreline of Baie du Doré which was a part of the area
previously surveyed in 2000 (OPG 2001). Note that the reference in the Radiation and Radioactivity TSD to
this follow-up study incorrectly quotes the survey date as 2002.
3.1 Objectives
The objective of the follow-up survey was to verify the readings on the Baie du Doré shoreline, to confirm
whether these elevated levels were due to historical site operations, and to examine background radiation
levels of 137Cs due to atmospheric weapon testing in general.
3.2 Description of the Follow-up Survey
During the follow-up survey, different samples were taken from Baie du Doré, Port Elgin, Scott Point, the
vicinity of Bruce Nuclear Generating Station B, Kincardine, Goderich, and Ottawa (OPG 2001). The selected
sampling sites included the disturbed areas which were altered by landscaping or farming related activities
and the undisturbed areas which were believed to be intact since atmospheric nuclear weapons testing of the
1950s. The samples taken, including lake bottom soil exposed to air due to lake level dropping, garden soil
and grass, were analyzed for 137Cs and 60Co.
3.3 Results of the Follow-up Survey
During this survey, the highest activity concentrations measured in three samples from Baie du Doré, with
137
Cs values around 50 Bq/kg. Low levels of 60Co with an average of 2 Bq/kg were also detected in the same
samples. 137Cs activity concentrations in other samples, which include those taken from background
reference locations, ranged from 6 to 17 Bq/kg and no 60Co was detected. These results confirmed the data
obtained during the initial shoreline survey and showed that emissions from the Bruce nuclear site have
contributed to observed levels (BRUCE POWER 2003, Section 3.7).
Despite the levels of 137Cs being higher than the background levels, they were significantly lower than the
recommended screening criterion of 210 Bq/kg for 137Cs based on National Council on Radiation Protection
and Measurement (NCRP) land use scenarios (NCRP 1999). No further action, other than the continuation of
annual lakeshore sampling was recommended (BRUCE POWER 2003, Section 3.7).
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4 Conclusions
The survey in the fall of 2000 identified high 137Cs activity concentrations of up to 50 Bq/kg in the boggy area
of Baie du Dore, which was confirmed by the results of the follow-up survey in November 2001. The follow up
survey also detected 60Co with an average activity concentration of 2 Bq/kg. The results of the surveys
confirmed that the emissions from the Bruce nuclear site have contributed to observed levels of 137Cs and
60
Co.
References:
BRUCE POWER. 2003. Annual Summary and Assessment of Environmental Radiological Data for 2002. BREP-03419-00002.
Grasty, R.L. 2001. Gamma Ray Survey of the Shoreline Around the Bruce Nuclear Power Development.
Prepared for Ontario Power Generation N-REP-03481-(412788).
NCRP. 1999. Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-specific Studies. NCRP report No. 129.
OPG. 2000. Annual Summary and Assessment of Environmental Radiological Data for 1999. N-REP03419-10000-R00.
OPG. 2001. Memorandum Regarding Re-Survey at Baie du Dore, N-CORR-07010-0001294.
EIS-03-88

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual garden fruit and vegetable and agricultural plant as well as the weekly milk
sampling program conducted by Bruce Power, including location of all sample areas, the number of samples
taken per site (describe composite method if applicable), the season of sampling (for vegetables, fruits and
crops), the radionuclide measured in each sample, and the supporting information collected for each sample.
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
451

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Radiological
Environmental Monitoring Report (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
As discussed in OPG’s response to IR EIS-03-45, the Regional Study Area (RSA) for Radiation and
Radiological Environment (AMEC 2011) is the generic RSA. It includes the monitoring locations for the annual
Radiological Environmental Monitoring Program (REMP) conducted for the Bruce nuclear site. Doses to
members of the public in the vicinity of the Bruce nuclear site are calculated based on the results of the
REMP. As shown in Table 5.10-4 of the Radiation and Radioactivity TSD (AMEC 2011), estimated doses are
considerably less than 1% of the regulatory limit. Doses to any distinct group such as Aboriginal communities
or member of the public would be lower at greater distances from the Bruce nuclear site.
Vegetation Sampling Program
Bruce Power routinely samples produce, agricultural plants and milk as part of the on-going Radiological
Environmental Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations
at the Bruce nuclear site, including those of Bruce Power, OPG, and AECL. This program includes sampling
within a 20 km radius of the Bruce nuclear site. Data is collected and reported each year to the CNSC in
accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As described in
Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline year for
describing existing conditions. Accordingly, the response to this Information Request is focused on the
sampling program carried out in 2009, and provides context for the baseline conditions reported in Sections
5.8.1 and 5.8.2 of the Radiation and Radioactivity TSD.
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Agricultural produce samples
Samples of fruit and vegetables were collected in the vicinity of the Bruce nuclear site and at provincial
background locations. Sampling locations for apples, shown on Figure 5.8.1-1 of the Radiation and
Radioactivity TSD, are located south and north of the Bruce nuclear site as well as up to several kilometres
inland. As reported in Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), produce samples are
collected annually for analysis of tritium and C-14 by liquid scintillation counting. Where multiple sample types
are found at the sample location, the samples were combined into composite samples for analysis. As an
example, monitoring results for tritium and C-14 in apples for the period of 2001 to 2009 are provided in
Tables 5.8.1-1 and 5.8.1-2, respectively, of the Radiation and Radioactivity TSD. The monitoring results for
the produce samples collected in 2009 in the vicinity of the Bruce nuclear site are reproduced from Table
2.3.8.5 in the 2009 Annual REMP Report (BRUCE POWER 2010) for convenience.
Table 1. 2009 Annual Produce Data
(BRUCE POWER 2010, Table 2.3.8.5)

Tritium (Free Water)
Sample Location

Carbon-14

Sample Type
Bq/L

±2σ

Bq/L

±2σ

BG1

Apples

214.4

8.1

283

30

BG3

Apples

131.4

6.5

262

29

BG4

Apples

45.2

4.2

238

28

BG5

Apples

41.1

4.0

263

30

BG7

Apples

42.3

4.1

244

28

BG8

Apples

45.3

4.2

239

27

BG10

Apples

99.8

5.7

267

30

BG11

Apples

69.2

4.9

241

28
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BG13

Apples

52.3

4.4

248

29

BG14

Apples

142.2

6.7

267.0

29.0

BG16

Apples

66.3

4.8

252.0

29.0

BG17

Apples

80.9

5.2

247.0

29.0

BG18

Apples

124.9

6.3

256.0

28.0

BG19

Apples

230.0

8.3

269.0

30.0

BG20

Apples

226.1

8.3

288.0

30.0

BG21

Apples

171.7

7.3

266.0

29.0

B6

Apples

11.8

2.8

226.0

29.0

BF14

Apples

220.3

8.2

244

28

Alt BR-47

Above ground

33.9

3.6

242

29

Alt BR-47

Leafy

24.1

3.2

256

31

Alt BR-47

Below ground

24.1

3.2

225

28

BF1

Above ground

96.2

5.5

241

29

BR15

Above ground

60.0

4.5

243

29

BR17

Leafy

53.9

4.3

250

30

BF7

Above ground

48.6

4.1

239

29

Alt BF8

Leafy

33.6

3.6

234

29
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Alt BF8

Below ground

38.9

3.8

220

28

BF 15

Above ground

212.2

8.0

237

29

BF15

Leafy

72.7

4.9

234

30

BF15

Below ground

60.9

4.6

243

29

BF14

Above ground

173.0

7.2

261

30

BF14

Leafy

1736.0

22.0

268

31

BF14

Below ground

97.9

5.6

236

29

BR44

Leafy

69.1

4.8

229

29

BR44

Below ground

55.5

4.4

263

31

Agricultural grains samples
Annual samples of various grains (soybean and corn) produced on lands in the vicinity of the Bruce nuclear
site were supplied by local farms for analysis. Sampling locations are located south and north of the Bruce
nuclear site as well as up to several kilometres inland and shown on the Figure appended to the response to
EIS-03-81. Additionally, corn mash composite samples from the Bruce Eco-Industrial Park (formerly called
the Bruce Energy Centre) were supplied to Bruce Power for analysis. As reported in Table 4.2 of the 2009
REMP Report (BRUCE POWER 2010), grain samples are collected annually for analysis of tritium and
carbon-14 by liquid scintillation counting, and the corn mash is collected quarterly for tritium analysis. The
monitoring results for the grain samples collected in 2009 in the vicinity of the Bruce nuclear site are
reproduced from Table 2.3.8.2 and Table 2.3.8.4 in the 2009 Annual REMP Report (BRUCE POWER 2010)
for convenience.
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Table 2. 2009 Annual Grain Data
(BRUCE POWER 2010, Table 2.3.8.2)

Sample Type

Tritium
Bq/L ±2σ

Carbon-14
Bq/L
±2σ

BF21

Soybean

18.1

3.0

205

31

BF20

Soybean

123.8

6.0

238

30

BF8

Soybean

82.9

5.1

238

29

BF8

Soybean

62.9

4.5

234

29

Alt BF18

Corn

113.0

5.8

240

29

BF22

Soybean

36.3

3.7

225

29

Sample Location

Table 3. 2009 Quarterly Corn Mash Data (Bruce Eco-Industrial Park)
(BRUCE POWER 2010, Table 2.3.8.2)
Tritium (Free Water)
Sample Date
±2σ
Bq/L
Sample Type (Composites)
Corn Mash
16.6
3.2
Q1
Q2

Corn Mash

18.3

3.2

Q3

Corn Mash

14.0

3.0

Q4

Corn Mash

26.2

3.6

456

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Milk Sampling Program
Milk samples were collected weekly from two dairy farms in the vicinity of the Bruce nuclear site. The
sampling locations (BDF1 and BDF9) are shown on Figure 5.8.2-1 of the Radiation and Radioactivity TSD
(AMEC 2011). As reported in Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), the weekly
samples are composited and measured for iodine-131 using gamma spectrometry. The weekly samples are
composited into monthly samples and are analyzed for tritium and carbon-14. When the milk was received by
Bruce Power, it was analyzed by gamma spectrometry. The sample was then freeze dried. The water
fraction was analyzed for tritium by liquid scintillation counting, and the solid residue was used to measure
carbon-14 by combustion, collection of the CO2, and liquid scintillation counting. The monitoring results for
annual average tritium and carbon-14 in milk samples for the period of 2001 to 2009 are provided in Tables
5.8.2-1 and 5.8.2-2, respectively, of the Radiation and Radioactivity TSD (AMEC 2011). As reported in
Section 5.8.2 of the Radiation and Radioactivity TSD (AMEC 2011), iodine-131 was detected at a
concentration of less than 0.2 Bq/L in milk samples from the Bruce Power sampling locations in 2009.
Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to meet its objectives (BRUCE POWER 2010, Section 4.1). The QA
program is described in OPG’s response to IR EIS-03-78. For convenience, the most relevant aspects of the
QA program to the agricultural plants sampling program and the milk sampling program are summarized,
below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
terrestrial pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability
– the number of valid sample analyses divided by the number of planned samples – is the performance
measure used to evaluate the sampling program. In 2009, agricultural produce sample availability was 94%
(54 samples planned; 51 samples actual); agricultural grains sample availability was 100% for both annual
and quarterly samples; and milk sample availability was also 100% for both weekly and monthly composite
samples.
Quality Control
Two types of quality control samples are used to accompany the analyses of the agricultural plants and milk
samples collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. Low tritium
“dead” water samples kept open to air during sample handling to detect if tritium contamination is picked up.
The quality control samples are samples that contain known values of the analyte, usually derived from
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traceable standards, which are included for analysis. For groundwater samples, results are considered valid
when the values for the accompanying quality control samples are within ±10 percent of the known or
expected values. The following table summarizes the 2009 quality control data applicable to the milk
sampling program. The results were considered acceptable and provide confidence in the quality of data for
the REMP and the consistency for the laboratory measurements.
External Laboratory Comparison
The results of the external laboratory comparison for the 2009 quarterly samples all met the imposed test
limits for tritium in water and iodine in milk (BRUCE POWER 2010, Section 4.4.2).

Table 4. 2009 Quality Control Data
(BRUCE POWER 2010, Table 4.4.1)
Tritium

Carbon-14

Sample Type

Milk

Low

High

Low

High

96

104

103

111

References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06. (CEAA Registry Doc#299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003
EIS-03-88a
(Supplementary
response
submitted
August 9, 2012)



Section
10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual garden fruit and vegetable and agricultural plant as well as the weekly milk
sampling program conducted by Bruce Power, including location of all sample areas, the number of samples
taken per site (describe composite method if applicable), the season of sampling (for vegetables, fruits and
crops), the radionuclide measured in each sample, and the supporting information collected for each sample.
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
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Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
In the original response to Information Request (IR) EIS-03-88, OPG indicated additional information on the
vegetation sampling program and the milk sampling program would be provided when it became available
(OPG 2012). Based on the information now available, this addendum includes the sample composite
methods and specific dates for the vegetation sampling. No additional supporting information is collected for
the samples.
Vegetation Sampling Program
As shown in Table 1 of the original response to IR-EIS-03-88 (OPG 2012), agricultural produce samples are
categorized as: apples, above ground, below ground, or leafy. The vegetation samples for 2009 were
collected on September 9 and 10, 2009. Some fruits were also collected on October 1, 2009.
Bruce Power targets to collect 1 kg samples for produce and agricultural grains, and individual plants do not
provide this target mass. Accordingly, samples collected from family gardens, orchards and farms result in
composites, which are collected as a composite at the source. Efforts are made to collect from a variety of
plants and types, resulting in a representative composite sample. The 1 kg sample collection procedure for
each sample location is as follows.




Above ground fruits and vegetables include sweet corn, tomatoes, cucumbers, gherkins, green peas,
green beans, wax beans, cauliflower, peppers, squash, pumpkins, zucchini, cantaloupes, etc.
Root vegetables include carrots, rutabagas, beets, radishes, dry onions, green or bunching onions,
shallots, turnips, parsnips, potatoes, etc.
Leafy fruits and vegetables include cabbage, celery, broccoli, brussel sprouts, lettuces, spinach,
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rhubarb, asparagus, etc.
Orchard sample locations provide composite samples comprised of individual fruits collected
randomly from different fruit trees.
Farm sample locations provide composite samples of grains collected from different plants. Grains
from a number of different plants from a single field are composited into a single sample since farm
fields normally have a single grain growing.

Once the 1 kg target sample is collected, a subsample of that quantity is used to prepare the sample that is
analyzed. The remaining portion of the composite sample is retained in the case that reanalysis is required.
Milk Sampling Program
As explained in the original response to IR-EIS-03-88, composite milk samples are analyzed for I-131, C-14,
and tritium. One litre milk samples are collected weekly from two dairy farms near the Bruce nuclear site
(sample sites BDF 1 and BDF9 are shown on Figure 5.8.2-1 of the Radiation and Radioactivity TSD (AMEC
2011)). Each week, a 500 mL sample is prepared for analysis by gamma spectrometry using equal quantities
from each of the milk samples. This composite sample is analyzed on the same day it is prepared to obtain a
detection limit for I-131 that is as low as possible. Accordingly, the reported I-131 results are based on a
single sample comprised of a weekly composite of samples collected from each sampling location, which is
counted once.
The remaining milk samples are kept in the refrigerator. At the end of each month, a one litre composite
sample is prepared for each sampling location by using 250 mL from each weekly sample for a month with
four weeks or 200 mL from each weekly sample for a month with five weeks. The monthly composites are
analyzed for tritium and C-14. The tritium result is based on the arithmetic mean of two replicate samples of
the monthly composite sample. The C-14 result is based on the arithmetic mean of two counts of the monthly
composite sample. Where monthly analytical values are less than the limit of detection, the limit of detection
values are used to create the reported averages.
References:
AMEC. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc#
299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
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Information Request:
Provide a thorough rationale for the interpretation of data on cancer incidence on page 6-282 of the EIS,
including but not limited to, references to the peer-reviewed scientific literature.
Context:
From page 6-282 of the EIS: “The statistical significance of the differences between the South West LHIN and
Ontario was not available. In general, cancer incidence rates are higher in the South West LHIN compared to
the province as a whole. With the exception of prostate cancer, cancer incidence rates in the South West
LHIN and Grey Bruce are within 10% of than (sic) Ontario incidence rates for the same type of cancer. As
such, the South West LHIN and Grey Bruce PHU cancer incidence rates are considered to be comparable to
Ontario rates due to many confounding factors that require consideration including lifestyle (smoking, alcohol
consumption, obesity, etc.), genetic predisposition, access to medical care, and education. Also, while
incidence rates appear to fluctuate, there are no apparent increasing trends for all types of cancers including
prostate cancers.”
The above paragraph requires references to the literature to provide support for the opinions and
interpretation expressed. Provision of a thorough rationale for the interpretation of data on cancer incidence,
including but not limited to references to the peer-reviewed scientific literature, is required to evaluate the
defensibility and scientific credibility of the assessment of the baseline cancer incidence data.
OPG Response:
There are no cancer incidence rates available for the Regional Study Area; thus, the cancer incidence rates
for both the South West Local Health Integration Network (LHIN) and the Grey Bruce Public Health Unit
(PHU) are used to represent the incidence for the Regional Study Area. Both the Grey Bruce PHU and South
West LHIN fully encompass the Regional Study Area, as shown respectively on Figures C2.1-1 and C2.1-2 of
Appendix C to the Environmental Impact Statement (EIS).
The statistical significance of the differences between the South West LHIN and Ontario, and Grey Bruce and
Ontario was not available from Statistics Canada (Statistics Canada 2010, 2011). An interpretation of
differences in cancer rates was provided in the EIS. The interpretation was based on calculated percentage
difference in cancer incidence compared to the Ontario totals for each cancer type, for each year. The
following shows the calculation used for the South West LHIN during 2001:
,

%

,
,

Where:
CI = Cancer incidence; and
Type = Cancer type.
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Positive percentage values indicate higher cancer incidence rates compared to Ontario for the specific cancer
type, whereas negative percentage values indicate lower cancer incidence rates compared to Ontario for the
specific cancer type. The calculated percentage differences of cancer incidence for South West LHIN are
presented in Table 1.
Table 1: South West LHIN Percentage Differences
Year

Cancer Type

2001

2002

2003

All invasive primary cancer sites (including in situ
bladder), both sexes

+5%

+6%

+5%

Colon, rectum, rectosigmoid junction cancer, both
sexes

+9%

+9%

+7%

Bronchus and lung cancer, both sexes

+1%

+0.4%

+0.2%

Female breast cancer, females

+2%

+4%

+4%

Prostate cancer, males

+11%

+13%

+10%

Using the equation above, the calculated percentage differences of cancer incidence for Grey Bruce PHU are
presented in Table 2.
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Table 2: Grey Bruce PHU Percentage Differences
Cancer Type

Year
2001

2002

2003

All invasive primary cancer sites (including in situ
bladder), both sexes

+1%

+1%

-2%

Colon, rectum, rectosigmoid junction cancer, both
sexes

+4%

+2%

+4%

Bronchus and lung cancer, both sexes

-5%

-3%

-6%

Female breast cancer, females

-6%

-3%

–

+18%

+15%

–

Prostate cancer, males

The analysis provides insight into the burden of cancer in close proximity to the Regional Study area, with a
view of determining whether or not cancer incidence is higher than the Ontario average. As stated on page 6282 of the EIS, cancer incidence rates in the South West LHIN and Grey Bruce PHU, with the exception of
prostate cancer, are within 10% of Ontario incidence rates for the same type of cancer. The percentage
differences presented above indicate that there is no consistent increasing trend observed for all types of
cancer and the data does not identify occurrence of a greater than expected number of cases for a particular
cancer type.
A search of primary literature was carried out to confirm the interpretation provided above using the Web of
Science that allows access to over 12,000 journals worldwide and 150,000 conference proceedings. The
literature search identified numerous studies pertaining to cancer incidence rates in Ontario, but only two
papers reported spatial variation patterns in Ontario including details of regional differences by county.
The Walter et al. study (1994) evaluated cancer incidence rates for 22 cancer types in 49 counties of Ontario
during 1976 to 1986. Cancer incidence data for the period of the study were obtained from the Ontario
Cancer Registry; and case information were obtained from hospital records, regional cancer centre reports
and death certificates. Given that the spatial patterns of cancer incidence in Ontario were provided in figures
and not in tabular form, the incidence ratios were estimated from the figures. The Walter et al. study (1994)
found no spatial aggregation for cancers of gallbladder, bladder, brain, thyroid, non-Hodgkin’s lymphoma,
Hodgkin’s disease and leukemia. Regional variations in Ontario were reported for cancers of the stomach,
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lung, uterus and prostate. For the South West LHIN1, cancer incidence rates are among the 3rd or 4th
quartiles across the province for male stomach cancer, female colon cancer, male lung cancer, female
melanoma, cervical cancer and uterine cancer and in the highest quantile for male lip cancer and prostate
cancer. Cancer incidence rates for lip and prostate are among the highest for the South West County. The
authors identified that lip cancer is strongly associated with exposure to the sun and the highest rates in
Ontario are generally found in areas where farming and other outdoor vocations such as forestry are
common. Key risk factors for prostate cancer are considered to be diet and high levels of androgens. It is
emphasized that the Walter et al. study (1994), while comprehensive in nature, is outdated. It is considered
that the incidence rates provided in the EIS provide a more representative cancer incidence data under
baseline conditions.
The Tinmouth et al. study (2011) evaluated cancer incidence rates of esophageal and gastric cardia
adenocarcinomas in 14 health regions of Ontario during 1972 to 2005. The authors obtained information for
the periods of the study from Ontario Health Insurance Plan, the Ontario Cancer Registry, the Registered
Persons Database and the Canadian Institute of Health Information. The Tinmouth et al. study (2011)
reported an approximate four-fold increase (incidence of 1.01 per 100,000 to 3.9 per 100,000) of esophageal
and gastric cardia adenocarcinomas in Ontario between 1972 and 2005. The paper stated that this trend
2
follows those observed in western countries. The paper identified that residents of the South West LHIN
region had a twofold increased risk (rate ratio of 2, 95% confidence interval 1.6-2.7; p<0.0001) compared with
those living in the Central health region (rate ratio of 1); whereas those living in North West health region had
a six-fold increased risk (rate ratio of 6.5, 95% confidence interval 4.4-9.6; p<0.0001) compared with those
living in Central health region.
References:
Statistics Canada. 2010. Table 105-0501, Health indicator profile, annual estimates, by age group and sex,
Canada, provinces, territories, health regions (2007 boundaries) and peer groups, occasional, CANSIM
(database).
Statistics Canada. 2011. Table 103-0403, Cancer incidence, by selected sites of cancer and sex, three-year
average, Canada, provinces, territories and health regions (June 2005 boundaries), occasional (agestandardized rate per 100,000).
Tinmouth, J., J. Green, Y-J. Ko, Y. Liu, L. Paszat, R. Sutradhar, L. Rabeneck, and D. Urbach. 2011. A
population-based analysis of esophageal and gastric cardia andenocarcinomas in Ontario, Canada:
Incidence, Risk Factors, and Regional Variation. Journal of Gastrointestinal Surgeons 15, p.782-790.
Walter, S.D., S.E. Birnie, L.D. Marrett, S.M. Taylor, D. Reynolds, J. Davies, J.J. Drake, and M. Hayes. 1994.

1
2

Referred to as South West County in the Walter et al. study (1994).
Referred to as South West Health Region in the Tinmouth et al. study (2011).
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The geographic variation of cancer incidence in Ontario. American Journal of Public Health, 84 (3), p.367376.

EIS-03-90

 Section 11;
Effects
Prediction

Information Request:
Provide a quantitative analysis of the uncertainties associated with the dispersion model used to evaluate
changes in air quality.
Context:
Existing air quality in the local study area was described using dispersion modelling results, rather than
physical measurements (Table 6.7.5-8). The same model is also used to predict the impact of the DGR
activities.
To evaluate the difference between the two and isolate the contribution of the project, the Panel requires
knowledge of the numerical uncertainties associated with the model values.
OPG Response:
Existing air quality was characterized using a combination of ambient monitoring data and dispersion
modelling. Ambient data was used to describe background air quality in the region as described in
Section 5.4.1.6 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011). Air
dispersion modelling was used to predict the contribution to existing air quality in the Local Study Area from
sources at the Bruce nuclear site (GOLDER 2011, Section 5.4.2.1). The ambient monitoring and dispersion
modelling data were combined to yield the existing air quality (GOLDER 2011, Section 5.4.2.2).
The air dispersion modelling was conducted using the AERMOD dispersion model, which was developed by
the U.S. EPA. The AERMOD model is listed as an approved model in the U.S. (Government of the United
States 2010), and is an approved model for use in Ontario (MOE 2009).
Prior to its acceptance for regulatory modelling, the AERMOD model was extensively tested and validated
through numerous studies. The results of the studies have been summarized by the U.S. EPA (2003), and
indicate that the overall ratio of predicted-to-observed data for short-term concentrations is 1.03. This means,
the AERMOD model tends to slightly over-predict relative to actual observations. The range of predicted-toobserved concentrations is from 0.76 to 1.35. This shows that the model has a tendency to over-predict by
more than it under-predicts.
To account for possible uncertainties in model predictions, a precautionary approach was used in undertaking
the air quality assessment. This precautionary approach included the assumption that all equipment and
activities present during a particular stage of the project were operating and causing emissions
simultaneously. The emissions were estimated using published emission factors (AP-42) that are known to
465

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
have been developed so as not to underestimate effects.
Finally, the evaluation of effects associated with changes in air quality made use of 43,824 hours of
meteorological data, yielding as many hourly, and 1,826 daily predicted concentrations for each of the
modelled receptors (see GOLDER 2011, Figure F3.2-1). The assessment of air quality effects was based on
the maximum modelled predictions. The same approach was used when modelling the contribution from
existing sources as well as the combined contribution from existing sources plus the DGR Project.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA
Registry Doc# 299)
Government of the United States. 2010. Appendix W in 40 CFR (Code of Federal Regulations), Part 51.
MOE. 2009. Air Dispersion Modelling Guideline for Ontario, Version 2.0. Ontario Ministry of Environment.
U.S. EPA. 1995. Compilation of Air Pollutant Emission Factors. Volume 1: Stationary Point and Area Sources.
Document AP-42 (and updates). U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards. Research Triangle Park, North Carolina.
U.S. EPA. 2003. AERMOD: Latest Features and Evaluation Results. U.S. Environmental Protection Agency
EPA 454/03-003.

EIS-03-91

 Section 11;
Effects
Prediction

Information Request:
Explain the absence of any measurements of air quality in the Local Study Area; specifically, the absence of
measurements of oxides of nitrogen, sulphur dioxide, carbon monoxide, ozone, suspended particulate matter,
PM and PM .
10

2.5

Context:
Section 6.7.5.3 of the EIS states: “The existing air quality in the Local Study Area is described using a
combination of background air quality and the modelled air quality resulting from the emissions from existing
sources at the Bruce nuclear site.”
An explanation for why it was determined that field measurements of air quality in the Local Study Area were
not necessary and a description of the level of confidence in the modelled air quality is required for the
evaluation of the defensibility, reliability and appropriateness of the assessment
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OPG Response:
As stated in the Context for this Information Request, Section 6.7.5.3 of the Environmental Impact Statement
(EIS): “The existing air quality in the Local Study Area is described using a combination of background air
quality and the modelled air quality resulting from the emissions from existing sources at the Bruce nuclear
site.” Background air quality was derived using measurements of air quality from existing stations, with a
preference for data from the community of Tiverton. Tiverton is located within the Local Study Area.
Existing data were available within the Local Study Area (i.e., Tiverton) for nitrogen dioxide (NO2), sulphur
dioxide (SO2) and PM2.5. No carbon monoxide monitoring was available in the Local Study Area, so
background was conservatively taken from available data in the Regional Study Area (i.e., London, which is
located adjacent to the heavily travelled Highway 401 corridor). In Ontario, continuous monitoring data are
not readily available for either suspended particulate matter (SPM) or PM10. Therefore, background
concentrations were derived for SPM and PM10 using the available PM2.5 data for the Local Study Area (i.e.,
Tiverton), as described in Section E8 of the Atmospheric Environment Technical Support Document (TSD).
In situations where there is a very good understanding of existing sources in an area, or where those existing
sources may have an appreciable effect on short-term, localized air quality, it is common to use dispersion
modelling to determine the existing air quality conditions. Given air quality in the Local Study Area can be
influenced by compounds travelling from greater distances, the overall air quality would be described using a
combination of modelling local sources and monitored background data, as was done in the case of the DGR
Project.
Previous assessments completed in the area used the approach of modelling existing sources in the Site
Study Area for defining existing air quality. Consistency with these previous assessments provides a point of
reference and context for both stakeholders and regulators when reviewing the DGR Project effects. In
addition, dispersion modelling of local sources provides a better description of the spatial distribution of
concentrations than can be achieved through a field monitoring program. Therefore, the spatial distribution of
the existing concentrations is consistent with the spatial distribution of concentrations predicted for the DGR
Project.
There is a high level of confidence that predicted concentrations, both the existing and those associated with
the DGR Project, will be proportionally higher than actual conditions. This conclusion is based upon the
conservatism inherent in the approach used. Firstly, background air quality was taken primarily from the
community of Tiverton. Air concentrations are expected to be higher in the community of Tiverton than other
areas in the Local Study Area, except immediately adjacent to the Bruce nuclear site, because of the density
of people in vehicles in the community relative to the remainder of the Local Study Area. Secondly, the
dispersion modelling used to predict both the existing and projected future concentrations from sources at the
Bruce nuclear site are conservative.
As described in the response to Information Request EIS-03-90, the AERMOD dispersion model has a
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tendency to over-predict by more than it under-predicts. In estimating the emissions used in the model,
maximum operating emissions were used where available, or conservative estimates from published literature
- known to have been developed so as not to underestimate effects - were used. The maximum of the 43,824
hourly, and 1,826 daily modelled concentrations for each of the receptors considered were used in the
assessment.

EIS-03-92

 Section 11;
Effects
Prediction
 Section 11.3
Significance of
Residual Effects

Information Request:
Explain how confidence in the prediction of effects, as well as the confidence in prediction of the significance
of adverse effects, were estimated and justified.
Context:
EIS Guidelines Section 11 states, “The proponent must indicate the degree of uncertainty in predicting the
environmental effects identified.”
Table 7.1-1 of the EIS (page 7-3) does not contain provision for expressions of confidence in the predictions
produced by the evaluation methods represented by the table. Provision of information regarding prediction
confidence is required to evaluate the defensibility, scientific credibility and completeness of the assessment.
The assessment of prediction confidence requires input from uncertainty analysis conducted for modelled
effects in each of the biophysical and socioeconomic components.
The expression of prediction confidence must explain the balance achieved between the precautionary
principle and the use of realistic assumptions in all predictions.
OPG Response:
Confidence in Prediction of Effects
In predicting the effects of the DGR Project on the environment, consideration was given to how uncertainty in
the prediction methods could affect the predicted effects. Where possible, potential effects were predicted in
a conservative manner so as to over-estimate the significance of those effects. In addition, the significance
was based upon the maximum predicted effects. This approach is consistent with the EIS Guidelines, which
indicate the assessment should be conducted using a precautionary approach (see also response to IR
EIS-03-44). As a result, there is a high level of confidence that the effects of the DGR Project will be less than
the predicted effects presented in the Environmental Impact Statement (OPG 2011).
Uncertainty in the long-term safety of the repository was considered in three categories: scenario, model and
data. Scenario uncertainty was addressed through considering a range of scenarios comprising an expected
(high probability) Normal Evolution Scenario, and four low probability disruptive/”what if” scenarios. Model
uncertainties (conceptual and mathematical) and data uncertainties were addressed through the evaluation of
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a set of deterministic calculation cases that were designed to bound the effects of these uncertainties. In
addition, probabilistic calculations for key dose contributing radionuclides were undertaken to investigate
sensitivity of consequences to assumed release and transport parameters. The results of these analyses are
presented and discussed in the PSR (Section 8.8) and its supporting technical reports. A series of measures
were followed to build confidence in the postclosure safety assessment and its results (see Section 7.4 of
Quintessa et al., 2011).
The Descriptive Geosphere Site Model (DGSM) (OPGa 2011; Sections 3.15, 4.16 and 5.11) and Sykes, et. al
2011 (Section. 7.4) provide a discussion of confidence in data sets and predictive numerical simulations used
to support the understanding of groundwater system evolution and realization by Safety Assessment. With
respect to the DGSM, confidence statements in the data sets or observations that support the descriptive
geologic, hydrogeologic and geomechanical models are provided at the end of each conceptual model section
(INTERA 2011: Sections 3.15; 4.16 and 5.11). The summary section (INTERA 2011; Section 6) provides an
overview of the three conceptual descriptive models and confidence in model data sets or attributes relevant
to demonstration of long-term DGR safety and performance. An example is provided below for the
Descriptive Hydrogeologic Model (INTERA, 2011; Table 6.2).
Summary of Confidence Assessment in Characterization of Descriptive
Hydrogeological Site Model Properties
Descriptive Hydrogeological Site Model
Property
Rock densities
Liquid and total porosities
Gas saturations
Gas-brine flow properties
Diffusion properties
Porewater characterization – Na, B, Cl, Br, TDS
Porewater characterization – Ca, Mg, K, Sr, SO4
Porewater characterization – δ18O, δD, d
Porewater characterization – CH4, Sr and CH4
isotopes
Porewater characterization – CO2 and CO2
isotopes
Porewater characterization – He and He isotopes
Porewater characterization – radioisotopes – 14C
Porewater characterization – radioisotopes – 36Cl,
129I
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Confidence in Property
Characterization
High
Moderate
Low
Low to Moderate
High
Moderate
Low
High
Moderate to High
Low
Low to Moderate
High
Low to Moderate
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Formation hydraulic properties – K horizontal, K
vertical
Formation hydraulic properties – specific storage
Formation pressures and environmental heads –
underpressured
Formation pressures and environmental heads –
normal and
overpressured
Groundwater flow directions and gradients in
bedrock aquifers Devonian
Groundwater flow directions and gradients in
bedrock aquifers – Salina Upper A1 Unit, Guelph
and Cambrian

High, Moderate
Moderate
Low and High

High
High

Low to Moderate

Similarly, Sykes et. al. 2011 provides a description of confidence with respect to groundwater system stability
and resilience on time frames and space scales required to assess DGR performance. The modelling
strategy included parameter perturbation analyses and the use of alternative numerical models (4) that
honoured laboratory and field data obtained during site characterisation activities. The confidence
assessment is based on the sum of more than 35 numerical simulations performed at site, regional and basin
scales to explore phenomena influencing bedrock formation barrier integrity. In particular the assessment,
described in more detailed throughout Sykes et. al. 2011(Section 7), notes that despite uncertainties
confidence is high in a broad number of areas including:





Transport within the Ordovician sediments is diffusion dominated. This diffusion dominant regime
has been insensitive to glacial perturbations;
Within the sedimentary sequence there are multiple formation barriers. These barriers include: i) the
Ordovician sediments that create long travel paths to the Cambrian and Guelph aquifers; ii) the
Silurian Salina Formation, which confines the A1 aquifer, in which mass transport is diffusion
dominant; and iii) the dense groundwater/pore fluids beneath the Bass Islands Formation that
contribute to a stable and stagnant groundwater system; and
Transmissive vertical/sub-vertical fractures connecting the Cambrian and Guelph Formations do not
occur in the immediate vicinity of the DGR.

These results are further supported by site-specific analogues that explore the vertical distribution of
environment tracers and anomalous over- and under-pressures within the Paleozoic sediments. The
interpretation and assessment of these unique site-specific conditions is described, in part, by NWMO 2011
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(Section 4.5 and 5.5). The analysis of such analogues in which hydraulic and environmental tracer signatures
from past perturbations have been preserved is a useful means to instil confidence in overall groundwater
system behaviour and performance despite inherent uncertainties.
Confidence in Prediction of Significance of Residual Effects
Table 7.1-1 of the EIS presents the measures used to assess significance of residual adverse effects. When
assessing significance of predicted effects, the Guidelines (Section 11.3) instruct the proponent to use the
following categories:







magnitude of the effect;
geographic extent of the effect;
timing, duration and frequency of the effect;
degree to which effects are reversible or mitigable;
ecological and social/cultural context; and
probability of occurrence.

Table 7.1-1 is consistent with the above list identified in the Guidelines, with the exception of probability of
occurrence and ecological/social/cultural context. As described below Table 7.1-1, the probability of
occurrence was not explicitly included in assessing residual adverse effects for normal operations, as the
effects were assumed to occur, and the probability of occurrence was conservatively assumed to be 1 (see
also response to IR EIS-03-93).
The ecological and social/cultural context was incorporated in the assessment through the selection of Valued
Ecosystem Components (VECs). By focussing on VECs, it was assumed that all VECs were important from
either an ecological, social or cultural context, and treated thus.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300)
OPGa. 2011. Descriptive Geosphere Site Model. Nuclear Waste Management Organization Report. NWMO
DGR-TR-2011-24. Toronto. Canada. (CEAA Registry Doc # 300)
OPGb 2011. Geosynthesis. Nuclear Waste Management Organization Report. NWMO DGR-TR-2011-11.
Toronto. Canada. (CEAA Registry Doc # 300)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. And SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.
Sykes, J.F., S.D. Normani, and Y. Yin. 2011. Nuclear Waste Management Organization Report. NWMO DGRTR-2011-16 2011. (available at http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Information Request:
Explain in more detail why the assessment of residual adverse effects does not include probability of
occurrence.
 Provide more detail on the balance used between the precautionary approach and the use of more
realistic assumptions;
 Explain whether standard approaches were employed in the preparation of the EIS when there were
sufficient data to derive a distribution of effects based upon a distribution of exposures (i.e. a standard
percentile or other statistic such as median or average); and
Assemble a set of definitions of “widest, reasonable range of likely environmental effects” for each discipline
and relate each definition to the determination of boundaries between “Low”, “Medium” and “High” effects
level definitions
Context:
The EIS states on page 7-3 that “Probability of occurrence was not explicitly included as a criterion for the
assessment of significance of residual adverse effects. The assessment recognizes the widest, reasonable
range of likely environmental effects without specific regard for their respective probability of occurrence. The
focus is on evaluating the possible impact of such effects on the environment and VECs and the consideration
of feasible mitigation measures that can be incorporate to control, reduce or eliminate the effect.”
The above statement requires much more thorough explanation in order that an evaluation of the defensibility,
reliability and appropriateness of all of the effects assessments/discipline can be conducted.
The framework outlined in The Canadian Environmental Assessment Agency Reference Guide: Determining
Whether A Project is Likely to Cause Significant Adverse Environmental Effects (November 1994), consists of
three general steps:
 Step 1: Deciding Whether the Environmental Effects are Adverse
 Step 2: Deciding Whether the Adverse Environmental Effects are Significant
 Step 3: Deciding Whether the Significant Adverse Environmental Effects are Likely
The EIS Guidelines, Section 11.3 Significance of Residual Effects, requires that: “The proponent must assess
the significance of predicted effects according to the following categories:
 Magnitude of the effect;
 Geographic extent of the effect;
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 Timing, duration and frequency of the effect;
 Degree to which effects are reversible or mitigable;
 Ecological and social/cultural context; and
Probability of occurrence.”
OPG Response:
In assessing significance, probability of occurrence can be used as a moderating factor. For example, the
significance of a high magnitude effect may be downgraded if there is a low probability of occurrence of the
conditions causing the effect. In completing the assessment for the DGR Project, it was conservatively
assumed that the moderating benefit of probability of occurrence would not be relied upon for those effects
associated with normal operating conditions, either during the site preparation and construction, operations, or
decommissioning phases of the project. That is to say, all effects associated with normal operations were
assumed to have a 100% likelihood of occurrence.
The approach of assuming that all effects associated with normal operations have a probability of occurrence
of 1 is consistent with the Environmental Impact Statement (EIS) Guidelines, which indicated the assessment
should be conducted using a precautionary approach (see also responses to Information Requests EIS-03-44
and EIS-03-92). In assessing the effects of the DGR Project, emphasis was placed on ensuring that the
possible effects were not underestimated. Therefore, a precautionary approach that yielded conservative
effects was used in preference to an approach that would have provided more realistic, but less conservative
estimates.
In keeping with the EIS Guidelines, the assessment of effects for the DGR Project used the precautionary
approach when selecting data for evaluating effects. While sufficient data were generated for some
disciplines, such as air quality, where dispersion modelling relied on hourly wind and meteorological data for a
5-year period from 2005 through 2009 (i.e., 43,824 hours). Rather than picking a statistical percentile of
results, the results were based upon the maximum predictions. In some cases, percentile data have been
identified as being the most appropriate value to use. For example, federal regulators indicated (CEAA and
th
CNSC 2009) that the 90 percentile of the available air quality monitoring data was to be selected and used in
describing background air quality. Therefore, the general approach used in the assessment was to rely on
the maximum values, where there was no explicit guidance for the use of less conservative percentile values.
On page 7-3 of the EIS, the justification for assuming that all effects associated with normal operations have a
probability of occurrence of 1 was that the assessment did not discount the potential impact for effects
associated with conditions that are unlikely, but could potentially occur. This means the EIS places equal
weight and importance in assessing both highly likely and unlikely effects. In considering both highly likely
and unlikely effects with equal weight recognizes “…the widest, reasonable range of likely environmental
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effects”. The only possible effects associated with normal operations that were excluded from assessment
were those that were determined not to be plausible, or that would not occur. Effectively, all plausible effects
associated with normal operations were assumed to have a high probability of occurrence (i.e., 1).
The definitions of the effects levels (i.e., “low”, “moderate”, “high”) are provided in Table 7.1-1 of the EIS for all
effects criteria except magnitude. The definitions for effects levels for magnitude are defined for each of the
disciplines where residual adverse effects are predicted (i.e., Table 7.3.3-1: hydrology and surface water
quality, Table 7.4.3-1: terrestrial environment, Table 7.5.3-1: aquatic environment, Table 7.7.3-1: air quality,
Table 7.8.3-1: noise levels).
In context with the guidance set out in the Canadian Environmental Assessment Agency Reference Guide:
Determining Whether A Project is Likely to Cause Significant Adverse Environmental Effects (CEAA 1994),
the probability of occurrence of the effect (i.e., Step 3) has conservatively assumed to be 1 for those effects
associated with normal operations.
References:
CEAA. 1994. Canadian Environmental Assessment Agency Reference Guide: Determining Whether A
Project is Likely to Cause Significant Adverse Environmental Effects. November 1994
CEAA and CNSC. 2009. Bruce Power New Nuclear Power Plant Project – Review of the Environmental
Impact Statement and Application for a Licence to Prepare a Site. Canadian Environmental Assessment
Agency (CEAA) and Canadian Nuclear Safety Commission (CNSC) Letter to Mr. Duncan Hawthorne, Bruce
Power on March 11, 2009.

EIS-03-94

 Section 11.3,
Significance of
Adverse Effects

Information Request:
Provide a detailed explanation of the hierarchy of criteria used in the decision tree presented in Figure 7.3.3-1.
 Clarify how the decision tree is used for each EIS component (geology, air quality, etc.);
 Explain the absence of the irreversibility criterion from the decision tree;
 Discuss instances where a different hierarchy would be appropriate, depending upon the VEC being
considered; and
Explain how uncertainty is recognized, estimated and addressed.
Context:
Page 7-39 of the EIS states: “The level of significance is assigned by using a decision tree model illustrated in
Figure 7.3.3-1. Firstly, magnitude, geographic extent, timing and duration, frequency, and degree of
irreversibility are combined to identify an environmental consequence. Then the social and/or ecological
474

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
importance of the VEC being affected is considered to determine significance”.
The above description does not appear to correspond with the way the decision tree is depicted and used in
Figure 7.3.3-1. The Figure implies that there is a hierarchy of criteria, beginning with magnitude, then spatial
extent, then timing and duration, then frequency and then social/ecological importance (not all criteria are
used depending upon the initial magnitude and extent results). Irreversibility does not appear in the decision
tree.
An explanation of the hierarchy of criteria is required to provide clarity with respect to the logic used in
definition of “significant adverse effect”. There may be instances where a different hierarchy would be
appropriate, depending upon the VEC. This issue requires exploration and discussion. There is obviously a
substantial reliance on professional judgment when using the decision tree. This increases the onus on the
proponent to provide clarity with respect to the use of the decision tree, including demarcations between the
“low”, “medium” and “high” categories, the consideration of uncertainty, confidence in the predictions, and the
rationale behind the particular hierarchy used for each discipline.
Section 11.3 of the EIS Guidelines requires that: “The EIS must contain a detailed analysis of the significance
of the potential residual adverse environmental effects it predicts. It must contain clear and sufficient
information to enable the joint review panel and the public to understand and review the proponent's judgment
of the significance of effects. The proponent must define the terms used to describe the level of significance.”
OPG Response:


In the Environmental Impact Statement (EIS), a decision tree is presented for each discipline in which
residual adverse effects were predicted. These decision trees were presented in the appropriate
subsections within Section 7 of the EIS (i.e., Figure 7.3.3-1: hydrology and surface water quality, Figure
7.4.3-1: terrestrial environment, Figure 7.5.3-1: aquatic environment, Figure 7.7.3-1: air quality,
Figure 7.8.3-1: noise levels). Within each of these disciplines, the decision trees were deemed to be
suitable for assessing all of the Valued Ecosystem Components (VECs) considered with that discipline.



The rationale used for combining the effects using the decision tree is described in Section 11 of each of
the respective Technical Support Documents (TSDs), along with the reasoning for the hierarchy and the
decision framework was provided for each discipline in the respective TSD for which a decision tree was
presented. In the case of human health, a decision tree was warranted because the only residual
adverse effects were of a low magnitude and of a low timing and duration.
The decision tree shown in Figure 7.3.3-1 of the EIS is relevant for assigning significance to the VECs
associated with hydrology and surface water quality only. The hierarchy and order in which criteria were
presented and decisions made with respect to significance were based upon the professional judgment of
the experts conducting the assessment. Section 11.1 of the Hydrology and Surface Water Quality TSD
provides details used for assigning effects magnitudes and combining the effects using the decision tree
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shown in Figure 7.3.3-1 of the EIS (Figure 11.1-1 of the Hydrology and Surface Water Quality TSD) to
yield significance.

EIS-03-95

 Section 11.4.3,
Groundwater



In the judgment of the experts preparing the Hydrology and Surface Water TSD, irreversibility was not a
criterion that was explicitly considered when assigning significance because it would not have changed
the outcome. That is, an effect that was not permanent would not have been assigned a lower level of
significance than an effect that was considered permanent. While irreversibility was not relied on when
assigning significance for hydrology and surface water quality (Figure 7.3.3-1), other disciplines (e.g.,
terrestrial environment), did make use of irreversibility in their decision trees. Figure 7.4.3-1 of the EIS
(Figure 11.1-1 of the Terrestrial Environment TSD) clearly shows that irreversibility is an important factor
when assigning significance for terrestrial VECs.



As described in the response to IR-EIS-03-92, the prediction of effects of the DGR Project on the
environment was generally done in a conservative manner, so as to not underestimate the significance of
those effects. This approach is consistent with the EIS Guidelines, which indicated the assessment
should be conducted using a precautionary approach (see also response to IR-EIS-03-44). Therefore,
OPG is confident that the conservative predictions presented in the EIS are more conservative than
predictions that would have resulted using more realistic estimates plus the possible uncertainties
associated with the prediction methods.

Information Request:
In view of the lack of direct observations on the nature of the surficial deposits under the proposed Waste
Rock Management Area, provide the rationale for the following conclusions:
a) “Dilution by horizontally migrating groundwater will be on the order of 10 times the volume of vertically
infiltrating groundwater." (EIS page7-6)
“... the native till soil also has a very low potential for infiltration (conservatively estimated at 5 to 10 cm/a);
therefore, precipitation that percolates through the rock pile is more likely to flow from the base of the rock pile
to the stormwater management system than it is to infiltrate to the subsurface." (EIS page 7-6)
Context:
Context provided in IR.
OPG Response:
This response is related, in part, to Information Requests (IRs) EIS-03-56 and EIS-03-57.
Geotechnical investigations within the project area during 2011 indicate that it is underlain by at least 10 m of
a low hydraulic conductivity (≈10-10 m/s), dense glacial till (IR-EIS-03-56) that rest on the bedrock surface.
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This glacial till aquitard acts as a natural barrier to vertical groundwater and contaminant migration.
Groundwater velocities within the glacial till are estimated on the order of centimetres per year, vertically
downward. Recharge from the glacial till entering the underlying confined bedrock aquifer (K≈10-6 m/s) will be
subject to dilution in the confined bedrock aquifer. Qualitative estimates are on the order of a factor of 10.
As part of the response to IR-EIS-03-57 and this IR, 3-dimensional numerical simulations will be performed to
illustrate the potential impact of the Waste Rock Management Area (WRMA) and storm management pond on
the local groundwater system. The numerical simulations will examine the issue of hydraulic mounding
beneath the waste management areas in regards to groundwater movement and potential contaminant
migration. The results of the numerical assessment will be submitted as an addendum to this IR response.

EIS-03-96

 Section 11.4.3,
Groundwater

Information Request:
Provide data on leachate metal concentrations and pH that may be expected to reach the groundwater table
for the different waste rock piles. This evaluation must also consider evolution of leachate compositions over
time, both during and after the construction phase. Measurements of nitrates and relevant organic compound
concentrations in the leachate must be included.
Reconcile the differences in explosive weights used to predict the blasting effects during shaft sinking and
underground operations.
Provide estimates of the type and annual amount of explosives used as well as estimates of the amounts of
residues produced during the construction phase.
Context:
During the construction phase, the waste rock piles of the WRMA will be exposed to infiltration. No
constructed barrier is proposed to isolate the leachate of the waste rock from the shallow groundwater. The
composition of the underlying surficial deposits is inferred but not known. Groundwater flow directions are
uncertain and may be modified by the presence of the 15 m high waste rock pile. The wetlands to the north
east of the WRMA may therefore be impacted by contaminated groundwater.
Blasting effects are evaluated on the basis of an explosive charge of 20 kg (page 7-73) and maximum
explosive weight of 112 and 150 kg per delay period (page 7-122). Estimates of the type and annual amount
of explosives used during the construction period are required to evaluate the transfer of explosives residues
to the WRMA. The anticipated residue concentrations in waste rock materials produced during blasting must
be provided to estimate potential releases to water.

477

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

OPG Response:
Temporary and Permanent Waste Rock Piles
About 80,000 m3 (bulked) of overburden and waste rock will be generated during excavation of the two shafts.
These materials are expected to be stored on-site for less than one year in temporary stockpiles. It is
planned to use the overburden and shales to construct berms where shales would be capped with soil
overburden and then vegetated. The dolostones are planned to be used to construct on-site roadways.
About 832,000 m3 of limestone from the excavation of tunnels and rooms at the repository level will be
managed over the long term in the Waste Rock Management Area (WRMA). This waste rock pile will be
covered with a soil cap and vegetated at the time that the DGR facility is decommissioned.
Borehole and geophysical investigations in the vicinity of the WRMA have shown that there is at least 10 m
of dense low-permeability glacial till with a hydraulic conductivity ≈10-10 m/s overlying the shallow carbonate
bedrock aquifer (GOLDER 2012, Figure 4, Profile A-A’). This thick till layer will form a substantial natural liner
beneath the aforementioned waste rock piles hence no adverse effects on groundwater quality are likely.
All waste rock storage locations will be stripped of vegetation and topsoil, and then prepared to receive the
waste rock. The base of the waste rock storage areas will be graded to promote drainage towards perimeter
ditches. Thus any precipitation onto the waste rock piles will not pond inside the piles and will be directed to
the perimeter ditches. The perimeter ditching will be located between the waste rock piles and the wetland to
the northeast and this ditching will prevent seepage from the waste rock piles reaching the wetland. The
perimeter ditches drain to the stormwater management pond.
Precipitation, as it infiltrates through the waste rock piles, will generate leachate. However, the native till soil
also has a very low potential for infiltration (conservatively estimated at 5 to 10 cm/a); therefore, precipitation
that percolates through the rock pile is more likely to flow along the base of the rock pile to the perimeter
ditches than it is to infiltrate to the subsurface. Physicochemical processes can result in the adsorption of
some minerals onto soil particles. Further, the footprint area of the waste rock piles that is available for
potential infiltration is a small percentage of the area of the DGR Project site. Thus there will be significant
dilution by horizontally migrating groundwater in the bedrock aquifer as vertically infiltrating groundwater
slowly seeps into the bedrock aquifer.
Estimated Leachate Concentrations
Short-term laboratory leach testing with simulated rainfall was performed on samples of shale, dolostone and
limestone. The concentrations of major elements (sulphate, sodium and chloride), selected dissolved metals,
and pH in the leachate are reported in GOLDER (2011 Section 4.3, Table 5). Salinity of the leachate was
calculated based on conductivity measurements.
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The results from this testing were compared to Provincial Water Quality Objectives (PWQOs) to identify
potential contaminants of concern. The results of short-term leaching do indicate a potential for some metals
(boron, aluminum, thallium, cobalt and vanadium) to leach at concentrations slightly above the PWQOs and
two samples had leachate pH greater than the PWQO range. However the short-term test conditions are
considered to be conservative and not fully representative of weathering and other processes likely to occur in
the field over time. The natural processes affecting the rock materials (e.g., dilution, sorption, etc.) are likely
to result in lower concentrations of leached metals than observed in the short-term leach testing.
Blasting during excavation may result in an explosive residue on the waste rock stored in the aforementioned
rock piles. Calculations were performed to estimate the nitrate and ammonia concentrations that may result
as this residue dissolves into water that infiltrates the rock piles. The calculations were based on a series of
assumptions that are documented in GOLDER (2011, Section 4.4). These calculations show that the nitrate
and ammonia concentrations have the potential to be elevated and there is a potential for un-ionized
ammonia to be elevated relative to the PWQOs for these chemical parameters. Again, site specific conditions
(e.g. dilution) will likely result in lower concentrations. Best blasting practices will be followed to limit blasting
residue on the waste rock. Additional information is provided in OPG’s response to IR EIS-03-56. The results
from the geochemical leachate tests and calculations (GOLDER 2011) are laboratory results. During the
construction phase, the amount of waste rock will increase until the DGR Project is fully developed. During
the operations phase, the concentrations leaching from the waste rock pile are expected to decrease with
time, especially for ammonia and nitrates. The reason is that ammonia and nitrate in the waste rock pile are
not part of the rock but are residuals from the blasting operations that will degrade and leach from the rock
with time.
Explosives Usage
Rock will be excavated in the shafts and in the tunnels and rooms at the repository level by the drill and blast
method. The explosives weights considered in the environmental assessment (GOLDER 2011a, Appendix I,
Section I3) account for a range of powder factors and drill hole densities for both underground development
and shaft sinking. The ranges have been established based on the experience of the Darlington Cooling
Water Intake Tunnel located within the Lindsay (Cobourg) Formation (ONTARIO HYDRO 1983). Explosive
rates were used in the EIS as part of the vibrations assessment (GOLDER 2011a, Appendix I, Section I3). As
stated in Section I3, explosive weights are expected to range between 1.4 and 2.0 kg/m³. Explosive weights
per blast hole would vary between about 10 and 20 kg depending on the diameter of the blast hole being
used. In predicting vibration effects, the charge per delay is of primary concern. The conservative
assumptions for charges per delay were 112 kg/delay for the shaft and 150 kg/delay for the more confined
horizontal underground development.
Based on daily production of waste rock of approximately 2090 tonnes, which would consist of 4 m rounds
blasting 4 times per day, annual explosive usage is estimated to be 380 - 544 tonnes for the above powder
factors.
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The most common explosive used in underground mining is ANFO, a mixture of 95% ammonium nitrate and
5% fuel oil, and is very soluble in water. With proper care and attention when handling the explosives it is
possible to minimize concentrations of ammonia and nitrogen that remain with the waste rock. However,
improper use or the application of large amounts of ANFO in underground mining can result in elevated
residual ammonia and nitrogen in the waste rock. The residues from explosive use relied on calculations in
GOLDER (2011, Section 4.4) and are based on a powder factor of 1.4 kg/m³, with 5% of the explosives
remaining residual in the waste rock.
References:
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository
(DGR). Technical Memorandum from C. McRae to D. Barker (NWMO) in February 2011. Reference
provided with response to IR Package #2. (CEAA Registry No. 523)
GOLDER. 2011a. Atmospheric Environment TSD. NWMO DGR-TR-2011-02
GOLDER. 2012. OPG’s DGR for Low and Intermediate Level Waste Project Soil Investigation for Proposed
Surface Facilities, Kincardine, Ontario. Document No. 1011170042-REP-G2030-0002.
ONTARIO HYDRO. 1983. Darlington G.S. ‘A’ C.W. Intake Tunnel, Geotechnical Completion Report, Report
No. 83543.

EIS-03-97

 Section 11.4.8,
Noise and
Vibration

Information Request:
Provide an analysis of the quantitative uncertainties associated with the CadnaA Noise Model used to
evaluate changes in noise levels. Demonstrate how parametric changes (conservative assumptions)
adequately address uncertainties.
Context:
In Table 7.4.1-5, the anticipated changes in the noise levels at ecological receptor sites are evaluated using
the CadnaA Noise Model. Uncertainties are addressed in Table 8.1.1-2 (Atmospheric Environment TSD) by
stating, "Uncertainty associated with emissions is managed by making conservative assumptions".
OPG Response:
The CadnaA Noise Model implemented the ISO 9613 prediction algorithms for outdoor propagation of sound.
The prediction accuracy for the model is ±3 dB for distances up to 1,000 m. For distances greater than
1,000 m, the accuracy has not been established, but it is expected that the predicted levels will be higher than
what will be experienced at the receptor locations.
In predicting noise levels associated with the construction and operations of the DGR Project several
assumptions were made that would result in conservative results. Specifically, the following assumptions
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would result in higher noise level predictions relative to what would be expected:





During the construction phases of the Project, all noise sources were assumed to operate
simultaneously for a full hour, every hour. Equipment duty cycle was not considered in the analysis.
Construction noise sources were located in areas that would result in higher predicted noise levels at
receptor locations.
During the operations phase of the Project, directivity effects were not included for most stack type
sources.
Paved areas were considered to be perfectly reflective.

Any shielding provided by the significant amount of treed areas on-site was not taken into consideration when
predicting noise levels at off-site points of reception.
EIS-03-98

 Section 1.3,
Preparation and
Review of the
EIS

Information Request:
For both the EIS and the Preliminary Safety Report, provide a table that directs the reader to the relevant
section or sub-section (i.e. 1.1.1) of the referenced volume whenever only the volume is referenced (except
when reference to the whole volume is appropriate). Ensure that cross-references to subsections are also
provided for all responses to information requests.
Context:
Throughout the EIS and the Preliminary Safety Report, references to the TSDs and other supporting
documents are frequently made by volume only when they should be referring to the relevant sections or
pages in these volumes.
OPG Response:
The Tables attached at the end of these IR responses show the relevant section or subsection of the
referenced volumes in the Environmental Impact Statement and the Preliminary Safety Report. The tables
include detailed references only in those instances where previously the whole volume was referenced
without providing the relevant section or subsection. The instances where referencing the whole volume is
appropriate have not been included in the attached tables.
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OPG Response to the Joint Review Panel LPSC Information Request Package 3
IR#

NSCA
Regulations
Section #

LPSC-03-56

Class 1 Nuclear
Facility
Regulations
(C1NFR), Section
5(d),

Information Request and Response

Information Request:
Provide justification as to why (beyond cost) an engineered backfill material has not been considered for use
during the operational and/or closure stages of the repository as a means of reducing eventual overbreak
within and/or damage to repository rooms and pillars, as has been predicted to occur.
Provide justification for the statement in Table 3.4.10-1 of the EIS (page 3-57), Technical heading column,
Backfill Repository alternative that: “backfill leads to higher repository gas pressures in the long-term”.
Context:
Backfill will be used in the shafts to restrict both upward contaminant flow and to mitigate shaft wall damage
and enlargement of the excavation damage zone. No similar use of backfill is contemplated within the
emplacement rooms where failure of the roof, walls and pillars is anticipated in the very long term. The failed
excavation rock is eventually anticipated to fill void spaces within these rooms with bulked rock that will
thereafter restrict further wall damage and extension of the damage zone once all voids are occupied.
No consideration has been given to use of backfill during the operational and closure phases of the DGR
within emplacement rooms. Reduction of voids will reduce potential wall closure and thus extension of the
excavation damaged zone that would serve as a primary route for contaminant outflow.
OPG Response:
Use of engineered backfill within the emplacement rooms was considered for the DGR. The primary reason
for not including backfill is long-term safety.
A summary discussion of the pros and cons of backfilling are discussed as part of Section 8.8.5, of the
Preliminary Safety Report. In particular:
8.8.5.2 Backfilled Repository
The reference design is to emplace the packages in emplacement rooms but not to backfill these
rooms. The advantages of not backfilling are reduced cost, reduced worker dose and greater
retrievability during operations, and increased space for gas during postclosure. The option of
backfilling the DGR has been investigated through the NE-BF case. In this case, the effective void
space in the repository panels is reduced to 30% of the reference value.
The results indicate appreciably higher gas pressures within the repository initially. The gas pressure
is sufficient to force free gas up the shafts, although this gas is captured by the relatively permeable
Guelph Formation and does not reach the shallow groundwater zone or surface. The gas pressures
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may approach lithostatic pressure based on conservative, non-water-limited calculations; however
lower pressures around hydrostatic pressure are predicted with water-limited calculations.
The implications of backfilling on the postclosure safety are analyzed in more detail in the Postclosure Safety
Assessment supporting reports. In particular, the quantitative assessment of gas generation and pressure, in
addition to contaminant transport, is provided in the NE-BF scenario, in which the repository is assumed to be
backfilled. The results of this case are provided in the Section 7.3.5.2 of the Postclosure Safety Assessment
report (QUINTESSA et al. 2011), with the detailed modeling described in Section 5.14 of the Gas Modelling
report (GEOFIRMA and QUINTESSA 2011).
In summary, the very low permeability of the enclosing host rock prevents gas migration. As a consequence,
the void space within the repository is used to accommodate the gas generated by the long-term, slow,
anaerobic degradation of the waste packages (organics and metal). If the repository is backfilled, then the
available void space in the repository would be reduced by about a factor of three (nominal void space of
~30% for gravel fill, for example). Reducing volume results in a corresponding higher gas pressure within the
repository. For long-term safety, it is better to provide more space to ensure that gas pressures remain low
even if all wastes are decomposed into gases.
It should be noted that structural backfill placed within the lateral openings will not materially improve the
ability of the DGR to contain and isolate waste. The backfill itself would be sufficiently permeable so as not to
restrict mass transport or allow the EDZ to become a path of least resistance (i.e., primary transport pathway).
As a consequence, the addition of backfill would not be anticipated to improve DGR performance or the safety
case.
Structurally, the repository is stable without backfill. This is due in part to the high strength of the host
Cobourg Formation, the alignment of the emplacement rooms with the principal stress regime, and sufficient
rock thickness in the room floor, pillars and roof relative to the adjacent rock formations (e.g., the pillars
between rooms are twice as thick as the excavated rooms; the central pillar between panels is 40 m thick;
minimum thickness of floor cover is 9 m above the Sherman Fall Formation). Long-term geomechanical
calculations show that rockfall will occur, but it will be a very slow process over many thousands of years
(PSR, Section 4.5.4.3; NWMO 2011, Sections 6.4.4 and 6.4.5; and ITASCA 2011, Sections 5 and 6). In a
worst case, with time the rockfall rubble will fill the available space and become self-stabilizing since it will
take up more volume than undamaged rock. All postclosure safety assessment analyses assume that this
rockfall occurs and explicitly account for it in the parameterization of the models. The calculations show that it
does not have an impact on long-term safety due to the thickness and low permeability of the overlying rocks.
In the reference design, the tunnels around the base of the shafts are backfilled with a concrete monolith.
This provides a solid base to ensure the long-term stability of the shaft seals.
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References:
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma
Engineering Ltd. and Quintessa Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR2011-31 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc # 300)
LPSC-03-57

C1NFR, Section
5(a),

Information Request:
Provide detailed information regarding specialized boundary blasting techniques that will be applied to all
stages of shaft sinking in order to minimize overbreak or excessive excavation damage zone (EDZ)
generation.
Context:
On page 612, the Preliminary Safety Report states that, for shaft sinking operations: “Drill and blast patterns
will be designed to minimize the damage, or overbreak, of the shaft walls … (and will) optimize drill patterns,
explosive types and powder factors to achieve this requirement.”
The use of proper delay sequencing and low energy shearing holes to minimize boundary fracturing is
mentioned in the description of underground opening development on page 614. However, this has not been
explicitly stated for the shaft sinking procedures where it is very important to minimize overbreak and
extension of the EDZ.
OPG Response:
The controlled drill and blast processes intended for lateral development (e.g., optimized drill patterns, delay
sequencing, explosive selection and use of low energy perimeter/shear holes, etc.) will also be used in the
development of the shafts. The variation of shaft configurations (e.g., drill patterns, drill hole density,
explosives, etc.) is expected to be greater than in the underground development to address the various strata
through sinking. Particular care will be exercised in the development through the shales to minimize
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overbreak and EDZ development within the shaft walls. The upper portions of the shaft, which do not have
the same long-term closure impacts or requirements, will provide the opportunity to modify designs to
optimize performance.
Detailed drill and blast designs have not been developed at this point of the design. Additional supporting
information from the shaft pilot hole program, shaft liner design, geomechanical modeling and ground support
design will be required. Further development and finalization of the controlled drill and blast design and
implementation will be conducted with the shaft sinking contractor after the shaft sinking contract has been
awarded.
Excavation performance will be monitored through the Geoscientific Verification Plan (NWMO 2011), as well
as, the geotechnical and rock monitoring plan that is under development. Data received from these
programs, as well as observational monitoring, will be used to further optimize excavation performance during
development.
Reference:
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300):
LPSC-03-58

C1NFR, Section
5(a),

Information Request:
Indicate how a 500 mm thick annulus of rock immediately at the shaft surface will be excavated to remove any
damaged rock during shaft decommissioning procedures and prior to shaft seal placement without creating
new or additional damage to the newly-exposed surface rock.
Provide explanation as to why new rock bolts and concrete liners must be emplaced following removal of the
500 mm thick annulus of rock existing about the shafts to support a concrete liner.
Context:
During shaft decommissioning, shaft support structures will be progressively removed and “an additional 500
mm of host rock will be excavated beyond the initial shaft diameter to remove any damaged rock that may
have formed during shaft sinking and the operational period of the DGR.” (Preliminary Safety Report, page
657).
No information is provided as to how the 500 mm (0.5 m) annulus of damaged host rock will be removed prior
to shaft seal installation without creating additional damage to the rock surface by the process of removal. No
procedure for its removal has been proposed. Should standard blasting be required, this will additionally
damage the rock surface and seal condition. Also on page 657, it is stated that “… shaft support structures
and concrete liners will be removed … (and) Rock bolts will be installed, as required, to support concrete liner
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and any newly exposed rock where the liner has been removed …”
Consideration is being given to rock bolt and concrete liner installation in order to support newly exposed
rock. This requires explanation and justification.
OPG Response:
Mechanical excavation methods will be used to remove the assumed 500-mm-thick annulus of highly
damaged rock. By using mechanical excavation, the extent of the highly damaged rock required to be
removed can be variable as opposed to set drill and blast patterns.
Shaft sealing materials will be placed in approximately 490 m of each shaft (see Figure 13-2, Arrangement of
Shaft Seal Components, in the Preliminary Safety Report). Nearly 60% of this portion of shaft will be located
in shale with the 200-m-thick sequence of rock immediately above the repository being entirely shale.
Mechanical methods (e.g., roadheader and rock boring technology) are commonly used to excavate shale.
The unreinforced concrete liner and the nominal 500-mm-thick annulus of damaged rock will be removed from
the base of shaft upwards in controlled lifts. The lifts are expected to be 10 to 20 m in length. It has been
conservatively assumed that rock bolts will be installed through the concrete liner immediately above each 10
to 20-m-long lift to provide support to the in-situ liner and to ensure worker safety. Prior to start of
decommissioning, analysis will be performed to determine whether or not these rock bolts are required for
supporting the “hanging” concrete liner. There is no additional concrete liner installed as part of the
decommissioning activities.
Similarly, it has been conservatively assumed that new rock bolts will be installed, as required, into the
exposed rock as the concrete liner is removed. These new rock bolts would supplement or replace any old
rock bolts that were installed at time of shaft sinking (i.e., rock bolts installed for initial rock support prior
concrete liner construction). Rock support for the 10 to 20 m of exposed rock would be required to ensure
safe working conditions while workers remove damaged rock and place shaft sealing materials.
LPSC-03-59

C1NFR, Section
5(e),

Information Request:
Indicate whether hard-wired emergency telephone systems will be installed in any portable refuge station
sites underground.
Context:
In Section 6.2.4.2 of the Preliminary Safety Report, it is stated that hard-wired emergency phones will be
installed at the main surface control room, main and ventilation shaft stations and at each refuge station
(presumably adjacent to each shaft station).
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OPG Response:
Hard-wired emergency phones will be installed at each refuge station as a back-up system to ensure
communications with surface, as required by the Ontario Occupational Health and Safety Act and Regulations
for Mines and Mining Plants 854/90, Section 26. This includes portable refuge stations located in the panel
access tunnels (refer to response to IR-EIS-03-60).
LPSC-03-60

C1NFR, Section
5(d),

Information Request:
Describe how emergency egress by personnel working underground can be made via the ventilation shaft,
should main shaft access be denied. Specifically, what egress is available to personnel who may be working
within the emplacement room panels should main tunnel access back to the main shaft become blocked?
Provide descriptions of access and egress routes that will be developed for the diesel fuel bay, maintenance
shop and storage facility in the services area (Figure 6-14, page 323) to permit two-way directional movement
towards refuge stations in case of route blockage during occupancy of these work sites
Context:
During operations, emplacement rooms will be empty, active or filled. While these rooms are empty, it is
stated that “the flow-through ventilation system provides egress from both sides of the emplacement rooms”
(page 365). However, during placement and after, at the downstream end of each room (closest to the
ventilation return air drift/tunnel), as shown in Figure 6-21 (page 334), the only opening into the ventilation
tunnel will be by an airflow regulator.
It appears that there is no possible escape route for personnel to travel directly to the ventilation shaft other
than by travelling back to the services area. That is, there is only one escape route.
OPG Response:
For personnel working underground, two emergency egress routes are maintained to surface; the main and
ventilation shafts. In addition, a 50-person permanent refuge station is located in the shaft services area and
portable refuge stations in the emplacement panels (see the response to IR-EIS-03-60) in the event personnel
need a waiting area underground with an independent supply of breathing air and supplies.
The repository layout takes into account the requirement for multiple means of egress. As described in the
response to IR-EIS-03-53, the use of panel access tunnels and the exhaust ventilation tunnels provides two
means of exiting the emplacement panels. In the event that a panel access tunnel is blocked, access to the
exhaust ventilation tunnel is through the end-wall of designated “empty” emplacement rooms. (Note: Figures
6-21 through 6-25 in the Preliminary Safety Report were developed to illustrate the ventilation flow in the
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emplacement rooms and only showed the end-wall louver system. Personnel access doors will be placed in
each of the emplacement room end-walls for egress purposes.) Should egress from Panel 2 be via the
exhaust ventilation tunnel, access to the shaft area can then be through continuing along the exhaust
ventilation tunnel or through Panel 1 access tunnel. There is also the opportunity to seek refuge in one of the
portable refuge stations located in each of the emplacement tunnels.
In the services area (maintenance shop, fuel bay, service bay and storage), the main access to each of the
rooms is from the upstream ventilation side, with exit doors for additional egress leading to the exhaust
ventilation tunnel. If personnel are on the ramp to the shaft bottoms, they can proceed to the loading pocket
or the shaft bottom to gain access to the repository level via access ladders. Egress routes will be marked by
appropriate signage, documented through emergency response procedures and personnel will be trained on
egress through use of emergency drills.
LPSC-03-61

C1NFR, Section
5(i),

Information Request:
Provide confirmation that the DGR will have access to or provision for staffing of two Mine Rescue Teams
(MRT) at all times to respond to fire and rock fall events underground.
Indicate whether the DGR will have two MRT units on site/on call, or whether the two-team requirement will
consist of only one DGR team and one off-site team from a neighboring mine.
Indicate whether provisions have been or will be made by contractual written agreement between the DGR
and an identified local or neighbouring mine to provide MRT assistance in the event of emergency response,
and that such agreements will be viable for the full term of underground operations at the DGR.
Context:
Section 6.9 of the Preliminary Safety Report states: “Although the DGR will provide two teams, reliance on the
neighboring mines in the region will be necessary.”
It also states that, “The DGR requires an emergency response mine rescue team (MRT) to respond to fire and
rock fall events … provided with special training from the Ontario Mine Rescue Division of MASHA …MASHA
requires a back-up team to be on-site … and a third team must be on site before the second (DGR) team can
go underground.”, and “Although the DGR will provide two teams, reliance on the neighboring mines in the
region will be necessary.”
OPG Response:
During the construction phase, mine rescue capabilities will be a combination of DGR project staff, contractor
personnel and Bruce Power Emergency Response (ERT) staff. It is not expected that the project will carry an
on-site complement of 2 responding units, but rather will be supported through on-call response. Bruce
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Power ERT staff have participated in initial mine rescue training (Fall 2010) and have expressed an interest in
supporting the DGR mine rescue requirements. The extent of participation has not yet been determined and
will be influenced by the ability of the project and contractor staff to support the requirements themselves.
Further, trained emergency responders can be utilized in mine rescue activities under the direction of a
trained mine rescue leader.
Additional mine rescue support will be established from neighbouring mines through the establishment of
mutual aid agreements. Although not yet established, discussions with neighbouring mines have confirmed
an interest to support the project as there is reciprocal benefit to their operations.
As part of the Operational Readiness Plan for the DGR, OPG will review options for mine rescue capability
during the operating phase. These options could include a combination of DGR operations’ staff, and a
continuation of anticipated agreements with Bruce Power and neighbouring mines.
LPSC-03-62

C1NFR, Section
5(a),

Information Request:
Provide an assessment of potential solute contaminant transport scenarios through the shaft EDZ.
Explain any measures that are planned or that could be taken during the construction phase to reduce the
extent and severity of the EDZ.
Context:
In the evaluation of potential transport pathways for the Normal Evolution Scenario, consideration is given to
the possibility of solute transport through the shaft seal. A greater concern is transport via the annular EDZ
associated with each shaft. A clearer explanation is required as to how fracture induced diffusion and
advective flow in this zone can be inhibited on a long-term basis
OPG Response:
The Postclosure Safety Assessment explicitly recognizes that transport through the shaft Excavation
Damaged Zone (EDZ) is a potentially important pathway. The shaft EDZ path is therefore included in all
postclosure safety analysis, including Normal Evolution and Disruptive Scenarios. For example, see Section
8.6.2.4 (p.501) and Figure 8-11 of the Preliminary Safety Report (PSR), which show that the EDZ path is
included in the reference model.
For the postclosure assessment, the occurrence and geometry of the EDZ is based on numerical simulations
of DGR shaft stability for a range of geomechanical conditions and long-term loading scenarios (i.e., rock
mass strength degradation, glaciation and seismicity). A description of EDZ simulations is provided in the
Geosynthesis (NWMO 2011a, Section 6.4.3.1) and Long-term Geomechanical Stability Analysis report
(ITASCA 2011, Section 7). The simulations indicate that at 1 Ma (1 million years), the EDZ typically has a
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maximum radial extent of 0.6 to 0.7 times the shaft radius. The exception was the Cabot Head Formation
(nominal depth 415 m; thickness 25 m) for which the EDZ was predicted with a radial extent of 1.3 times the
shaft radius. The estimated Cabot Head Formation EDZ extent was assumed along the length of the entire
shaft for all postclosure safety analyses. This is a conservative assumption as vertical mass transport within
the EDZ would occur in series within the near-horizontally bedded sediments.
The EDZ properties are further informed by review of available data, notably through the Excavation
Damaged Zones Assessment report (FRACTURE SYSTEMS 2011). Table 8-6 of the PSR summarizes the
main shaft EDZ properties, with the complete set summarized in the Postclosure Safety Assessment: Data
report (QUINTESSA and GEOFIRMA 2011, Section 5).
Section 8.8.2.7, and especially Table 8-23 of the PSR, also provides a summary of the different cases in
which sensitivity to shaft EDZ permeability was tested. See in particular the NE-EDZ1 variant case in which
the shaft EDZ permeabilities were increased a further 100x. In this NE-EDZ1 case, the peak dose rates
remained several orders of magnitude below criteria (see PSR, Figure 8-56).
The reference design takes into account the importance of the shaft EDZ, and therefore includes measures to
minimize its extent (discussed below). Taking these into account, the postclosure assessments show that the
shaft EDZ is a factor in the system evolution, but not a dominant contaminant transport pathway. This
reflects, in part, the combination of relative area and permeability of the shaft seals relative to the EDZ, as
well as the general hydraulic conditions within the deep and intermediate groundwater systems, such as the
underpressures in the Ordovician age rock formations. The influence of the shaft EDZ is seen most clearly in
the detailed 3-D gas and groundwater models. For example, see Section 5.1.2, and in particular Figures 5.16
to 5.26, for the Normal Evolution Reference Case in the Postclosure Safety Assessment: Gas Modelling
report (GEOFIRMA and QUINTESSA 2011). These figures show that the flow in the shaft EDZ varies with
time and with rock formation.
Measures to minimize the extent and severity of the shaft EDZ are already included in the planning. In
particular, the shafts will be excavated using a controlled drill and blast process that will be designed to
minimize the formation of the EDZ (PSR, Section 9.4.5.1). Refer to response to IR-LPSC-03-57 for
discussion of controlled drill and blast, and impacts on the development of EDZ.
Decommissioning will also be planned so as to minimize the EDZ. In particular, it is planned to remove the
concrete shaft liner and the adjacent layer of rock (about 0.5 m thick) that would have the most damage by
mechanical methods as described in the response to IR-LPSC-03-58 (also see PSR, Section 13.6.3.1). The
shaft seals would be placed shortly after this shaft liner and rock removal in order to provide support and
minimize further EDZ formation.
It is also planned to measure the EDZ as part of the shaft excavation and monitoring program, see Section
2.14 of the Geoscientific Verification Plan (NWMO 2011b).
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References:
FRACTURE SYSTEMS. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma
Engineering Ltd. and Quintessa Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR2011-31 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
ITASCA. 2011. Long-term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMOa. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMOb. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc # 300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. NWMO DGR-TR-2011-32.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
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IR#

EIS-04-99

EIS Guidelines
Section
 Section 8.1,
General
Information and
Design Description

Information Request and Response

Information Request:
Discuss the technical and regulatory factors that would prevent the transformation and use of the DGR for high-level
waste disposal.
Context:
No context required.
OPG Response:
Following the receipt of a site preparation and construction licence, and later an operating licence, for its low and
intermediate level waste (L&ILW) Deep Geologic Repository (DGR), OPG could not transform the DGR to a facility for
high-level waste (i.e., used nuclear fuel) disposal for three primary reasons:
a) OPG has no legal ability to establish a DGR for used fuel. The Nuclear Fuel Waste Act governs the long-term
management of Canada’s used nuclear fuel. Pursuant to that legislation, Canada’s nuclear energy corporations,
including OPG, were required to establish the Nuclear Waste Management Organization. The NWMO has a
statutory mandate to implement Adaptive Phased Management (APM), the long-term management approach
which was approved by the federal government in 2007. The implementation of APM is proceeding entirely
separately from the OPG DGR project being implemented in the Municipality of Kincardine.
b) The application to the Canadian Nuclear Safety Commission for a site preparation and construction licence is for
a DGR for OPG’s L&ILW, and the submitted safety case is for L&ILW. Correspondingly, the licence, if granted,
would be to prepare the site and construct a DGR as described in the documents submitted in support of the
licence application. The subsequent operating licence would limit OPG to emplacement of wastes in the DGR
consistent with those described in documents submitted in support of that licence. In summary, the regulatory
process would not allow OPG to put used nuclear fuel into a DGR licensed for L&ILW.
c) OPG has publicly committed that used fuel will not be placed in the L&ILW DGR.
Neither OPG nor the NWMO have evaluated the technical potential for OPG’s DGR to be transformed to take used
nuclear fuel, nor are there any plans to conduct such an evaluation.

EIS-04-100

 Section 8,
Description of the
Project

Information Request:
Explain why the hydraulic head in the Precambrian bedrock was not measured and therefore could not be included in
groundwater models.
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 Section 10.1.1,
Geology and
Geomorphology

Context:

 Section 10.1.3,
Groundwater

OPG Response:

 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

The hydraulic head is measured for other stratigraphic horizons but not the Precambrian bedrock.

A key focus for the geoscientific characterization program was to obtain site-specific information necessary to
understand and assess the long-term ability of the Paleozoic sediments and groundwater system to safely host the DGR.
The measurement of hydraulic head within the Precambrian was not considered necessary to develop a robust Safety
Case for the Deep Geologic Repository (DGR). The objectives and scope of DGR geoscientific studies are documented
in site characterization plans described by INTERA (2006) and INTERA (2008).
Specific information that led to a decision not to characterize or measure hydraulic heads within the Precambrian
included the following:









The permeable and over-pressured Cambrian Formation (17 m thickness) that rests directly on the crystalline
Precambrian bedrock surface represents a natural hydrogeologic boundary within the deep groundwater system
at a depth of approximately 840 m.
The Cambrian Formation represents a non-potable (i.e., total dissolved solids ~ 225 g/L), regionally confined and
isolated aquifer. It is the nearest permeable horizon underlying the DGR in which lateral advective migration
could hypothetically occur.
The Cambrian aquifer is isolated from the DGR by approximately 150 m of Ordovician carbonate rocks.
Evidence gathered during geoscientific investigations indicates that mass transport in the low permeability
Ordovician carbonate sediments intervening between the DGR and underlying Cambrian aquifer directly
overlying the Precambrian bedrock is diffusion dominant.
The Cambrian aquifer is not readily accessible, nor does it outcrop or discharge, within 100 km of the Bruce
nuclear site.
Regional and paleohydrogeologic numerical simulations of the groundwater system that include the entire
Paleozoic sedimentary sequence and underlying Precambrian bedrock illustrate that the Precambrian will not
influence the diffusion dominant mass transport processes or stability of the groundwater system within the
sediments that enclose the DGR (NWMO 2011, Section 5.4.5).
Safety assessment calculations illustrate that for a ‘what-if’ case of ingesting drinking water directly beneath the
DGR in the Cambrian aquifer, the dose consequence was 100 times less than the dose criterion of 0.3 mSv/a at
1.5 million years (QUINTESSA et. al 2011, Section 2.5.2).

The above information illustrates the minor role of the Precambrian in the DGR Safety Case and the basis for not
including its geoscientific characterization in site-specific studies.
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References:
INTERA. 2006. Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste Report INTERA 05-220-1, OPG 00216-REP-03902-00002-R00. Ottawa, Canada.
INTERA. 2008. Phase 2 Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and
Intermediate Level Waste, Report INTERA 06-219-50-Phase 2 GSCP-R0, OPG 00216-PLAN-03902-00002-R00.
Ottawa, Canada.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc #300)
EIS-04-101

 Section 8.1,
General
Information and
Design Description

Information Request:
Provide the calculations, assumptions and confidence limits behind the estimates of maximum excavation water
discharge and sump water pumping.

 Section 8.2, Site
Preparation and
Construction

Context:

 Section 8.3,
Operation

OPG Response:

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.2,
Surface Water
 Section 10.1.3,
Groundwater

No context required

The maximum excavation water and sump water pumping discharge estimates considered in the Environmental Impact
Statement (EIS) (OPG 2011, Section 4.7.5.4) was 5.4 L/s. Further assessment of groundwater inflows during
construction has been completed incorporating new information collected from recent site investigation programs for
groundwater inflows in the top 200 m during shaft sinking (see response to Information Request (IR) EIS-01-01 in OPG
2012a), and following full installation of shaft liners (see response to Undertaking TIS-11 in OPG 2012b). Calculations,
assumptions and confidence limits are detailed in the referenced reports below. The other major contributor to the
underground water discharge is the use of process water for equipment, construction and dust mitigation which has been
reassessed. The amount of condensate that could report to main sump has also been reassessed.
The groundwater inflow modeling that was recently completed (Sykes 2012) incorporates a grout curtain (or annulus)
around the shafts. The grout curtain is assumed to be 3 m thick with a hydraulic conductivity of 10-7 m/s. The estimated
groundwater inflows while sinking through the top 200 m are in the range of 2 to 4 L/s (OPG 2012a). A sensitivity
analysis was conducted for a grout curtain performance of 10-6 m/s. In this case, estimated groundwater inflows were
much higher. However, it would not be possible to sink the shaft with such high water inflows and therefore additional
ground treatment would be applied, either from surface or by in-shaft cover grouting, until the target maximum inflow of 3
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L/s was met (refer to response to IR-LPSC-01-31 in OPG 2012a for additional information about proposed ground
treatment).
The groundwater inflow modeling for fully-lined shafts (GOLDER 2012) shows a significant reduction in expected
groundwater inflows. The expected inflow of 0.45 L/s is approximately a factor of 3 lower than the groundwater inflow
estimate assumed in the development of the EIS. This inflow could be further reduced through in-shaft grouting of the
Salina A and Guelph Formation horizons.
The usage of process water for equipment, construction and dust mitigation during construction has been re-estimated
and is now assumed to be about 20 L/s (average). This estimate is very conservative to allow for a wide variety of
equipment selection and water demand criteria. The estimate has been derived using high water demand equipment
(e.g., high efficiency multi-boom drilling jumbos), high utilization estimates for operating hours per day, continuous water
suppression during operating hours and an allowance for continuous civil construction activities (e.g., floor concrete). As
well, these estimates do not take into consideration options for recirculation of process water.
A small allowance has been made in the discharge water estimate to reflect potential condensation in the ventilation
shaft during summer conditions.
The underground dewatering system is being designed to handle a peak discharge rate to ground surface, which is
conservatively assumed to be 21 L/s. The following chart shows the percentage distribution of repository dewatering
during the construction phase. During operations, the only water expected to be discharged from the sumps will be the
infiltration of groundwater from the shafts and ventilation shaft condensation.
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References:
GOLDER. 2012. Underground Services (WP2-10) Underground Repository Dewatering – Preliminary Estimate of
Groundwater Inflow under Normal Operating Conditions. Golder Associates Ltd. Technical Memorandum No.
1011170042-TM-G2100-0002-02 R02. (CEAA Registry Doc# 695)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
OPG. 2012a. OPG Letter from A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108.
March 9, 2012. (CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter from A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste - Responses to Undertakings from Technical Information Session #1”, CD# 00216-CORR00531-00132. August 15, 2012. (CEAA Registry Doc# 692)
Sykes, J.F. 2012. Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the Construction of
the DGR Shafts. NWMO Technical Memorandum No. DGR-TM-03400. Toronto, Canada. (CEAA Registry Doc# 365)
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EIS Guidelines
Section
 Section 1.2.1.4,
Scope of Project

Information Request and Response

Information Request:
Clarify whether Low and Intermediate Level Waste from pending or approved OPG new build, refurbishment or closure
operations will be placed in the DGR.
Context:
Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report specifically notes in
Section 1.3 page 9 that “waste projections from any proposed new-build reactors in Ontario are not included in this
report”.
The Executive Summary states on page 7, that: "future operational L&ILW will be shipped" (to WWMF for processing).
This statement could be interpreted as including waste from any new build
OPG Response:
The referenced sentence in the Context, on page 7 of the Executive Summary of the Reference Inventory Report (OPG
2010),
“It is also assumed that the future operational L&ILW will be shipped in containers similar to those currently used
to store the L&ILW.”
refers to low and intermediate level waste (L&ILW) that will be generated in future by the continued operation and
refurbishment of OPG’s existing reactors.
OPG’s licence application is to prepare a site and construct a Deep Geologic Repository (DGR) for 200,000 m3
(disposed volume) of L&ILW from the operation and refurbishment of OPG-owned or operated nuclear reactors in
Ontario. This could include L&ILW from the operation and refurbishment of OPG-owned or operated new-build reactors.
It would need to be demonstrated to the Canadian Nuclear Safety Commission (CNSC), prior to the emplacement of any
new-build L&ILW into the DGR, that the safety case for the DGR remains valid for such wastes and there were no
significant additional environmental effects.
L&ILW generated under an operating licence for a nuclear facility is considered operational or refurbishment waste.
OPG’s current licence application does not include decommissioning waste. If in future OPG decided it wished to put
some forms of decommissioning waste into the DGR then it would need to apply to the CNSC for a licence amendment
to allow this activity, and the associated regulatory process would be triggered.
Reference:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
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 Section 1.2.4.1,
Scope of the
Project

Information Request and Response

Information Request:
What will the status of the WWMF be during the various phases of the proposed Project?
Explicitly describe plans for WWMF over all phases of the proposed Project, including what “upgrading” the facility
involves, and how this activity will be done while waste is also being removed from the facility to be placed in the
proposed DGR.
Context:
The EIS Summary, page 40, indicates that the facility is to be "upgraded", and then decommissioning is to begin around
2045.
OPG Response:
The Western Waste Management Facility (WWMF) will continue to operate (i.e., receive waste, process low-level waste,
and provide interim storage for low and intermediate level waste prior to its emplacement in the DGR) throughout the life
of the DGR for as long as it is required to support the operation of OPG’s nuclear generating stations. As blocks of
storage facilities are emptied, they may be re-used for other wastes or dismantled to recover the land for other purposes.
For planning purposes, decommissioning is assumed to start around 2045. It is assumed that the WWMF facilities will
all be decommissioned prior to the start of decommissioning of the DGR.
Upgrading of the WWMF is described in detail in Table 10.4-2 of Section 10.4 of the Environmental Impact Statement
(EIS) (OPG 2011) as part of the cumulative effects assessment. This primarily includes expanding the waste storage
capacity at the WWMF to handle waste generated by refurbishment of OPG-owned or operated reactors. Construction of
the storage structures will be undertaken on an “as required” basis. The construction and operation of additional storage
structures will be accommodated entirely within the existing licensed WWMF site after obtaining necessary regulatory
approvals. For planning purposes, six Steam Generator Storage Buildings (SGSBs) and six Retube Components
Storage Buildings (RCSBs) have been assumed to be required for refurbishment wastes.
Additional low-level storage buildings (LLSBs) at the WWMF are not required once the DGR is in operation. Additional
dry storage buildings for used fuel will also be constructed on an as-required basis at the Western Used Fuel Dry
Storage Facility, which forms part of the WWMF. Used fuel will not be placed in the DGR.
Upgrades will also include any facilities required to support the retrieval of waste from the existing storage structures and
their transfer to the DGR. These may include new temporary facilities or re-purposed existing facilities. These will be in
place prior to the operation of the DGR.
OPG has incrementally expanded the WWMF since the inception of the facility in 1974. This has been done safely
without interference to the operating areas by establishing a fenced “construction island” to separate the new
construction activities from the radioactive waste operational areas. This proven practice will be used in the future as
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further upgrades are constructed.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-04-104

 Section 8.1,
General
Information and
Design Description

Information Request:
Clarify whether incineration is currently used for reduction of waste volume, and if so, whether this is taking place on-site
at the WWMF.
If incineration is currently taking place on-site, or is planned for future DGR site operations, provide an assessment of the
potential environmental effects.
Context:
The EIS Summary, page 10, states that "the majority of these wastes are processed through incineration or compaction
for volume reduction".
The statement in the EIS, page 3-2 states: “The waste is transported to the WWMF (see fig . 3.1-1) for processing, which
may include compaction or incineration”.
OPG Response:
Radioactive waste incineration is currently used for waste volume reduction at OPG’s Western Waste Management
Facility (WWMF). As well, from time to time, radioactive liquids and low level radioactive waste solids are shipped to a
licensed waste incinerator in the US with resulting ash returned to the WWMF for storage. It is not intended to have an
incinerator on the DGR site.
The incinerator at the WWMF is operated under the WWMF’s operating licence granted by the Canadian Nuclear Safety
Commission. Also, the WWMF incinerator has a Certificate of Approval (C of A) (air) issued by the Ontario Ministry of
the Environment and emissions are regulated by the limits set in that C of A.

EIS-04-105

 Section 8.1,
General
Information and
Design Description

Information Request:
Provide an analysis of how radiological hazards (not simply activity) from the DGR Project will change over time.
Context:
According to the EIS Guidelines, information in the EIS must include (among other items) “a description of the waste
characteristics including source, chemical hazard, radiological hazard, and the non-fissile nature of the material,
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including the half-life of each isotope, and how the properties, chemical and radiological hazards will change with time”.

OPG Response:
The response is provided in three parts:
(a) Comparison with natural radioactivity;
(b) Radiotoxicity of DGR wastes;
(c) Potential radiological hazards in different time frames.
(a) Comparison with Natural Radioactivity
The time dependence of radioactivity in the wastes in the Deep Geologic Repository (DGR) after closure (assumed to be
2062 in this analysis) is given in Figure 8-20 of the Preliminary Safety Report (PSR) (OPG 2011), and reproduced below.
The decrease in radioactivity in the DGR is due to radionuclide decay. The existing natural radioactivity of the rock
above the repository is also shown in this figure. The top of the grey band corresponds to the rock within the Bruce
nuclear site, while the bottom corresponds to the rock directly above the repository. The main natural radionuclides are
K-40, U-238 (and decay chain, especially Po-210), Rb-87 and Th-232.
This figure shows that initially there is about as much natural radioactivity in the rock below the Bruce nuclear site as
there is in the DGR wastes. After about 100,000 years, the radioactivity in the DGR wastes is less than that in the rock
directly above the repository due to radionuclide decay.
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Figure 8-20 of PSR: Total Radioactivity of the Waste as a Function of Time
(b) Radiotoxicity of DGR Wastes
Radiotoxicity is an alternative measure of radiological hazard than radioactivity. It takes into account the difference in
hazard from exposure to the different radionuclides, due to differences in how they interact with the human body. Here,
radiotoxicity is calculated assuming all the radionuclides are ingested.
The time dependence of total radiotoxicity in the wastes in the DGR after repository closure is shown in Figure 4.2b of
the Postclosure Safety Assessment (Postclosure SA) report (QUINTESSA et al. 2011) and reproduced below. The
decrease in toxicity with time is due to radionuclide decay. This figure shows the same general trends with time as with
total radioactivity, except for an increase in LLW radiotoxicity around one million years due to buildup of the decay chain
elements from uranium present in LLW.
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Figure 4.2b of Postclosure SA Report: Time Dependence of Radiotoxicity in Total Waste in Repository
The natural rock radiotoxicity is also shown. The total radiotoxicity of the wastes in the DGR is always less than the total
natural radiotoxicity of the rock within the Bruce nuclear site above the repository. This provides a general perspective
on the nature of the total DGR radiological hazard, since the rock itself would not be considered radiologically hazardous.
Of course, the DGR radionuclides are concentrated into the waste packages, and not dispersed across the rock.
(Figure 8-21 of the PSR and Figure 4.2a of the Postclosure SA report show the radiotoxicity per cubic metre.) However,
approximately 80% of the waste volume is low level waste, and the total radiotoxicity of this waste will largely decay in a
few hundred years, resulting in low radiotoxicity similar to that in rock excavated from DGR. About 10% of the waste
volume is operational ILW and it decays significantly after 10,000 years. It is the 10% of the waste volume in the
refurbishment (retube) ILW that contains most of the long-lived radioactivity and hazard.
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Also, the availability or mobility of the radionuclides from the waste will be different than those in the rock. This is taken
into account in the postclosure safety assessment, and the implications are summarized in the next section.
(c) Potential Radiological Hazards in Different Time Frames
The source, half-life, decay mode (alpha/beta/gamma) and non-fissile nature of the most important radionuclides are
described in Section 5.10 of the PSR.
The potential radiological hazards in different time frames from start of operations are summarized below, based on the
results from the preclosure and postclosure safety assessments as summarized in Chapters 7 and 8 of the PSR:


0 - 50 years (operational period): During operation, the key radionuclides of safety concern are H-3, C-14, Co60 and Cs-137. H-3 and C-14 (beta emitters) are volatile, and the main risk is due to inhalation by workers, and
members of the public near the Bruce nuclear site. Co-60 and Cs-137 are non-volatile gamma emitters, and
pose potential external radiation risk to workers, but not to the public. The preclosure safety assessment (PSR,
Section 7.7.1) evaluates these risks and shows that there will be no significant radiological risk to the public or
workers during operations.



50 - 300 years: Following closure of the repository, the radioactivity in the wastes will be confined by the wastes,
containers, host rock and repository seals. In addition, institutional controls and societal memory will reduce the
likelihood of future human actions that could compromise the integrity of the repository. During this period, the
radioactivity in the bulk of the waste volume (the LLW) will largely decay, including in particular H-3, Co-60 and
Cs-137. C-14 remains an important radionuclide.



300 – 10,000 years: The key radionuclide during this period is C-14, released from the waste and present in
gaseous form. Due to the low permeability of the host rock and of the shaft seals, there will be no release to the
surface and hence no radiological dose to the public during this period. If there was a significant failure of the
shaft seal during this period, C-14 release would be the key radionuclide hazard. If there were to be inadvertent
human intrusion into the repository, then C-14 and Nb-94 (a gamma emitter) would be the most important
radionuclides.



10,000 – 100,000 years: This timeframe is likely to be prior to any significant ice sheet coverage of the DGR site
due to the next glacial cycle. The host rock and shaft seals are durable and remain low permeability. The
maximum calculated dose for the Normal Evolution Scenario is many orders of magnitude lower than the dose
criterion of 0.3 mSv/year. During this period, C-14 remains the key radionuclide for all scenarios, with Nb-94
also important for the human intrusion scenario. However, both C-14 and Nb-94 significantly decay over this
period. In particular, by the end of this period, C-14 would not lead to significant exposures even under severe
shaft seal failure or human intrusion scenarios.



100,000 – 1,000,000 years: Several glacial cycles will likely occur during this timeframe. However, the wastes
in the repository remain confined by the low permeability rock and seals. The main contributors in terms of
radioactivity are Nb-94 and Zr-93. Nb-94 will decay during this period, leaving Zr-93 (and its Nb-93m progeny)
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as the dominant residual radionuclide. Nb-94 and Zr-93 are not very mobile in this diffusion-dominated
environment, and will remain in or near the repository. Plutonium is not a significant contributor to DGR
radiological hazard in general due to its low amount and low mobility; however, it also decays during this period.
The relative radiotoxicity of LLW remains low, but increases during this period due to the slow decay of U-238
and the formation of uranium decay chain progeny not initially present. Cl-36 and I-129, present in smaller
amounts but more mobile in groundwater, are the main radionuclides with respect to any releases to surface.
The maximum calculated dose remains orders of magnitude lower than the dose criterion of 0.3 mSv/year (PSR,
Section 8.6.4.4).


Beyond 1,000,000 years: By 1,000,000 years, the waste radioactivity will have decayed to less than that in the
overlying rock. Only long-lived radionuclides remain, notably Zr-93, I-129 and U-238 (and its decay chain). The
calculations indicate that peak calculated dose remains well below the dose criterion of 0.3 mSv/year (PSR,
Section 8.6.4.4).

References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report. OPG
report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-04-106

 Section 8.1,
General
Information and
Design Description

Information Request:
Are all “potential hazardous constituents” of bottom ash included in the description on pages 76 and 78 of Reference
Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report?
Context:
In the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report, there is an
inconsistency in the description of waste types in the volume of bottom ash in 2018. Tables 2.4 on page 15 and Table
2.5 on page 17 indicate 1352 m3 while on pages 76 and 78 of Appendix E of the Report indicate a different volume of
bottom ash for 2018.
OPG Response:
The potential hazardous constituents of bottom ash are listed in Tables 2.8 and C.1 of the Reference Inventory report
(OPG 2010). Appendix E, including pages 76 and 78, is primarily a description of the waste containers, with brief
summaries of the waste content.
Note that the Context comment was previously addressed in OPG’s response to Information Request EIS-01-07 (part
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3a) (OPG 2012, Attachment 1).
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)

EIS-04-107

 Section 8.1,
General
Information and
Design Description

Information Request:
Clarify whether some of the substances listed in Table 2.8, page 23, are stable end products of the decay of the
radionuclides in the wastes?
Context:
In the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report on page 23,
Table 2.8 shows the inventory of non-radioactive components in the waste (in kg at the year 2052).
OPG Response:
Table 2.8 of the Reference Inventory report (OPG 2010) presents the most important elements from a chemical
composition perspective, including potentially important non-radiological hazardous substances.
While these elements are naturally present in the waste unrelated to the radioactivity aspect, some of the elements are
stable end products of decay of radionuclides in the waste. However, the list is not intended to include all stable end
products of all radionuclides - only elements that are important for overall chemical composition or are otherwise
important for the non-radiological safety case.
Reference:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-108

 Section 8.1,
General
Information and
Design Description

Information Request:
a) Clarify what is meant by “hotter” in reference to newer pressure tube wastes arising from future refurbishment.
b) What is meant by "hot" in reference to the “hot” ends of end fittings?
Context:
In the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report on page 28,
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reference is made to uncertainties related to the packages for newer “hotter” pressure tube wastes that will arise from
future refurbishment. Likewise, in on page 29 in Section 3.2 Radionuclide Inventory, refers to the “hot” ends of end
fittings.
OPG Response:
a)

The word “hot” refers to radioactivity. “Hotter” in reference to newer pressure tube wastes indicates that these
wastes will initially have higher radioactivity compared to current older refurbishment wastes since there will have
been less time for radioactive decay. As such, additional shielding may be required for future station refurbishment
wastes compared to the waste packages currently in use for Bruce A Unit 1 and 2 refurbishment wastes.

b)

The “hot” end of an end fitting refers to a section at the inboard end of the calandria side tubesheet. For end fittings,
a factor in the radionuclide inventory is the strong dependence of radioactivity with position, with the end facing
inwards towards the reactor seeing much higher neutron flux and therefore having much higher activation. As such,
the “hot” end contains the bulk of the radioactivity found in an end fitting. Figure 1 shows the “hot” end of an end
fitting from the Darlington Nuclear Generating Station.

“Hot” End of End Fitting

Figure 1: “Hot” End of an End Fitting from the Darlington Nuclear Generating Station
(The reactor core is to the right of the end shield wall.)
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 Section 13.4,
Confidence in
Mathematical
Models

Information Request and Response

Information Request:
Explain how predictive numeric models used to support the post-closure safety assessment can be validated given the
uniqueness of this Project.
Distinguish among model validation, verification, and calibration.
Context:
Predictive modeling is neither infallible nor exclusive. Therefore, each model should, at a minimum, be carefully
calibrated.
Verification is the next step regarding examination of the degree of confidence in model predictions.
Validation is the most challenging step, but can be accomplished, in part, via inter-model comparison.
OPG Response:
(a) Definitions
The CNSC regulatory guide G-320 on assessing long-term safety of radioactive waste management identifies a number
of activities for providing confidence in the assessment tools and assessment models (CNSC 2006, Sections 7.6.2 and
7.6.3), and provides the following definitions.





Calibration - The process in which model simulations are compared with field observations or experimental
measurements from the system being modeled, and the model adjusted if necessary to achieve a best fit to the
measured/observed data. A model may be calibrated by using data obtained from a particular location or for a
limited range of conditions. It may then be considered valid for use in those circumstances but not necessarily in
all circumstances.
Verification - The process of determining whether a computational model correctly implements the intended
conceptual model or mathematical model.
Validation - The process of building confidence that a model adequately represents a real system for a specific
purpose.

(b) Confidence in Postclosure Safety Assessment Numeric Models
The numeric modelling approach used in the postclosure safety assessment is based on an assessment-level (system)
model (implemented in the AMBER code) for contaminant release, transport and impact, supported by detailed models
for the groundwater flow (implemented in the FRAC3DVS-OPG and T2GGM codes), and gas generation and flow
(implemented in the T2GGM code). The implementation and application of these models is described in a series of
reports: QUINTESSA (2011) for the application of the AMBER code to the Normal Evolution Scenario; QUINTESSA and
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SENES (2011) for the application of the AMBER code to the Disruptive Scenarios; GEOFIRMA (2011) for the application
of the FRAC3DVS-OPG code; and GEOFIRMA and QUINTESSA (2011) for the application of the T2GGM code.
A range of measures has been used to build confidence that these codes adequately represent the DGR system for the
purpose of the postclosure safety assessment. That is, any dose impacts will be much lower than the dose criterion.
This is achieved in part through adopting model or input assumptions that are conservative.
Confidence in the underlying codes has been developed by:





Developing and maintaining the codes under appropriate quality management systems;
Applying a wide range of verification tests to the codes;
Using codes that have a wide user base; and
Using codes that have been applied to the assessment of other geological disposal facilities and within
international code intercomparison exercises.

Table 1 summarizes relevant information for each of the codes.
Table 1: Confidence Building Measures for Each Code Used in the Postclosure Safety Assessment
Confidence building
measure

FRAC3DVS-OPG v1.3

T2GGM v2.1

AMBER v5.3

Quality Management
System

Qualified to NWMO
software quality
requirements (NWMO
2010)

GGM developed and
maintained under the DGR
Postclosure Safety Assessment
Project’s QA requirements
(QUINTESSA 2010a)
Modifications to TOUGH2 for
integration with GGM performed
under Geofirma’s ISO
9001:2008 registered quality
management system (INTERA
2006, 2009)

Developed and
maintained under
Quintessa’s ISO
9001:2008 registered
quality management
system that incorporates
the requirements of the
UK TickIT software quality
system (QUINTESSA
2010b,c,d)

Verification Tests

Documented in Chapter
3 of Therrien et al.
(2010)

Documented in Chapter 8 of
QUINTESSA and GEOFIRMA
(2011a)

Documented in AMBER
verification summary
(QUINTESSA 2009a)

Wide User Base

Underlying code
(FRAC3DVS and
HydroGeosphere) is

Underlying transport code
(TOUGH2) is widely used in a
variety of application areas

Used by over 85
organizations in more
than 30 countries
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Other Assessments
and Code
Intercomparison
Exercises

widely used

including radioactive waste and
carbon sequestration studies

(Chapter 3, QUINTESSA
2009b)

FRAC3DVS has been
used in the Swiss
Opalinus Clay Project
(NAGRA 2003).
In Canada, it has been
used in used fuel
repository studies,
including the OPG Third
Case Study
(Gierszewski et al.,
2004) and the NWMO
Glaciation Scenario
Study (Garisto et al.
2010).
Example code
comparisons include
Normani et al (2004).

TOUGH2 has been used for
assessment of repositories in
Swiss Opalinus Clay (NAGRA
2004).
T2GGM has been used in the
following exercises: the Swiss
HG-A gas permeation
experiment at Mont Terri (Walsh
et al 2012); the Swedish
LASGIT gas experiment at
Aspo (SKB 2012); and the
European FORGE code
comparison on gas transport in
repositories.
Example code comparisons
include Pruess et al (2002).

Used in repository
assessments in countries
such as Japan, Sweden,
Switzerland and UK.
Full list (including code
intercomparisons)
provided in Chapter 4 of
QUINTESSA (2009b).

Confidence in the models developed for the postclosure safety assessment has been developed as follows. These
checks or activities range from calibration through verification to validation.


Ensuring that the DGR models were consistent with the current conditions at the site. This meant using input
data derived from and traceable to the waste and site characterization programs. For example:
o physical and radiological characteristics of the waste – taken from the Inventory report (see Sections 3.4
and 3.5 of the Data report, QUINTESSA and GEOFIRMA 2011b);
o geosphere hydraulic conductivities and geosphere gas permeabilities – calibrated results from well-test
analysis of in-situ borehole on DGR boreholes. (see Section 5.4.1.2 and 5.6.1.1 of the Data report,
QUINTESSA and GEOFIRMA 2011b);
o geosphere two-phase flow properties – laboratory core testing results calibrated to van Genuchten
capillary pressure curves (see Section 5.6.1.1 of the Data report, QUINTESSA and GEOFIRMA 2011b);
o geosphere porosity, storage coefficient, and effective diffusion coefficients – from extensive rock core
testing program (see Sections 5.4.1.3 and 5.5.1.4 of the Data report, QUINTESSA and GEOFIRMA
2011b); and
o groundwater pressures – measured at site with in-situ monitoring (see Section 5.4.1.1 of the Data report,
QUINTESSA and GEOFIRMA 2011b).
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Checking model and data implementation in the codes as part of the quality management system applied to the
postclosure safety assessment (QUINTESSA 2010a);
Checking the results for convergence and mass balance;
Checking for consistency of results between different model implementations or discretizations within each code
(Section 8.8.3 of the Preliminary Safety Report (PSR), OPG 2011);
Demonstrating the consistency of results between numeric models and simple analytic calculations for gas
pressure in the repository and gas flow rate in the shafts (Section 8.8.3 of the PSR);
Comparison of the results between different codes (Section 8.8.3 of the PSR);
Peer review of the models and results:
o expert review of each report;
o international peer review of the overall postclosure safety assessment; and
o presentation at international conferences (e.g., 11 papers on postclosure safety assessment).

References:
CNSC. 2006. Regulatory Guide G-320: Assessing the Long Term Safety of Radioactive Waste Management.
Canadian Nuclear Safety Commission. Ottawa, Canada.
Garisto, F., J. Avis., T. Chshyolkova, P. Gierszewski, M. Gobien, C. Kitson, T. Melnyk, J. Miller, R. Walsh and L.
Wojciechowski. 2010. Glaciation Scenario: Safety Assessment for a Used Fuel Geological Repository. Nuclear Waste
Management Organization report NWMO TR 2010-10. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/1635_nwmotr-2010-10_glaciationscena.pdf)
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report for the report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Gierszewski, P., J. Avis, N. Calder, A. D’Andrea, F. Garisto, C. Kitson, T. Melnyk, K. Wei and L. Wojciechowski. 2004.
Third Case Study - Postclosure Safety Assessment. Ontario Power Generation Report 06819-REP-01200-10109-R00.
Toronto, Canada.
INTERA. 2006. Intera Engineering Work Instruction WI10 Software Development. Version 1, November 2006. Intera
Engineering Limited. Ottawa, Ontario.
INTERA. 2009. Intera Engineering Quality Management Manual. Version 7, November 2009. Intera Engineering
Limited. Ottawa, Ontario.
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NAGRA. 2003. Time-dependent Flow and Transport Calculations for Project Opalinus Clay. NAGRA Technical Report
NTB 03-10. Wettingen, Switzerland.
NAGRA. 2004. Effects of Post-disposal Gas Generation in a Repository for Spent Fuel, High-level Wastes and Longlived Intermediate level Waste Sited in Opalinus Clay. NAGRA Technical Report 04-06. Wettingen, Switzerland.
Normani, S.D., J. Sykes and E.A. Sudicky. 2004. A comparison study of regional scale SWIFT-III and FRAC3DVS
groundwater models. Ontario Power Generation Report 06819-REP-01200-10141-R00. Toronto, Canada.
NWMO. 2010. Technical Computing Software. Nuclear Waste Management Organization Procedure NWMO-PROCEN-0002 R001. Toronto, Canada.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001. Toronto, Canada. (CEAA Registry Doc# 300)
Pruess, K., J. Garcia, T. Kovscek, C. Oldenburg, J. Rutqvist, C. Steefel and T. Xu. 2002. Intercomparison of Numerical
Simulation Codes for Geologic Disposal of CO2. Lawrence Berkeley National Laboratory report LBNL-51813. Berkeley,
USA.
QUINTESSA. 2009a. AMBER 5.3 Verification Summary. Quintessa Ltd. QE AMBER 3, Version 5.3. Henley-onThames, United Kingdom.
QUINTESSA. 2009b. AMBER 5.3 Examples, Users and References. Quintessa Ltd. QE-AMBER-M1, Version 5.3.
Henley-on-Thames, United Kingdom.
QUINTESSA. 2010a. Postclosure Safety Assessment Services for OPG’s Proposed Deep Geologic Repository: Project
Quality Plan. Quintessa Ltd. Document QRS-1335B-PQP v3.0. Henley-on-Thames, United Kingdom.
QUINTESSA. 2010b. Quintessa Limited Quality Manual. Version 3.3, February 2010. Quintessa Limited. Henley-onThames, United Kingdom.
QUINTESSA. 2010c. Quintessa Limited Operation Procedures Manual. Version 3.3, February 2010. Quintessa Limited.
Henley-on-Thames, United Kingdom.
QUINTESSA. 2010d. Software Development Guidelines for Maintainable and Re-usable Code. Version 2.3, February
2010. Quintessa Limited. Henley-on-Thames, United Kingdom.
QUINTESSA. 2011. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. Quintessa Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (CEAA Registry
Doc# 637)
QUINTESSA and GEOFIRMA. 2011a. T2GGM Version 2: Gas Generation and Transport Code. Quintessa Ltd. and
Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-33 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
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QUINTESSA and GEOFIRMA. 2011b. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
SKB. 2012. Aspo Hard Rock Laboratory Annual Report 2011. Swedish Nuclear Fuel and Waste Management Co.
Technical Report TR-12-03. Stockholm, Sweden
Therrien, R., R.G. McLaren, E.A. Sudicky, S.M. Panday and V. Guvanasen. 2010. FRAC3DVS-OPG: A ThreeDimensional Numerical Model Describing Subsurface Flow and Solute Transport. User’s Guide. University of Waterloo,
Waterloo, Canada.
Walsh, R., N. Calder and J. Avis. 2012. Modelling of Fluid Flows in the HG-A Experiment Using a Modified Version of
TOUGH2. International meeting on "Clays in Natural and Engineered Barriers for Radioactive Waste Confinement".
Montpellier, France.

EIS-04-110

 Section 14,
Cumulative Effects

Information Request:
a) Clarify why "the DGR for decommissioning Bruce Power waste" is "not a planned activity, but is included to meet
guideline requirements".
b) Explain why the following other operations and potential projects were not included in the cumulative effects
assessment:


Wastes from any new build of nuclear reactors;



The potential for storing L&IL wastes from reactors other than OPG's fleet;



Possible changes to the operations for minimizing waste, particularly incineration.

Context:
The EIS Guidelines indicate that the management of decommissioning waste would be a potential future project that
should be included in an assessment of cumulative effects.
In the EIS Summary, page 40, the chart lists cumulative impacts with other projects over the lifespan of the DGR. Past,
Existing and Planned Projects (certainty) identified include for example, Decommissioning Bruce A and B, "WWMF
upgrades" and Reasonably Foreseeable Projects.
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OPG Response:
Please note that the words within quotation marks in part a) of this Information Request are not the same words at the
bottom of the chart on page 40 of the EIS Summary Report.
Table 10.4-3 (specifically, item 31 on page 10-18) of the Environmental Impact Statement (EIS) (OPG 2011) explains the
context under which a ”DGR for Decommissioning Waste at Bruce Nuclear Site” was considered as a ‘reasonably
foreseeable project’ under the cumulative effects assessment as required by the EIS Guidelines (CEAA/CNSC 2009).
The Guidelines (Section 14) identify the management of decommissioning waste in the DGR as a potential future project
to be included in the assessment of cumulative effects. The ‘project’, for assessment purposes, is assumed to be an
extension of OPG’s DGR for low and intermediate level waste. Given that decommissioning waste from reactor
dismantlement is not expected to be generated before 2050, the exact facility(ies) and means by which decommissioning
waste would be managed in the long term are not fully identified and hence any associated activities are not considered
‘planned’ at this time.
OPG’s response to Information Request EIS-04-102 indicates that new-build waste could be emplaced in the DGR if
new-build wastes characteristics were consistent with the submitted environmental and safety assessments. As such,
the environmental effects of including new-build wastes up to the licensed capacity of the DGR are already considered
and there is no need to consider such effects under cumulative effects. Any significant expansion of the DGR’s capacity
would need the approval of all applicable regulatory authorities following the required processes of the day.
Wastes from other reactors were not considered, as the DGR is only intended for wastes from OPG-owned or operated
reactors.
As discussed in OPG’s response to Information Request EIS-04-104, incineration is a part of current waste processing
at the WWMF. For the purposes of assessing cumulative effects, it is included in Table 10.4-3 (item 3, page 10-8) as
‘WWMF Operation’. EIS Table 10.4-3 (specifically, item 23 on page 10-16) addresses future planned ‘WWMF
upgrades’, such as additional waste storage, in the assessment of cumulative effects.
References:
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry Doc#
298)
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Information Request:
Provide information on the amount and diffusion of radon from the L & IL waste materials in the DGR.
Context:
The Radon Assessment Report only examines diffusion of radon from host rock and waste rock piles.
OPG Response:
The Radon Assessment Report (NWMO 2011) includes radon from the waste materials in the DGR.
The estimated radon concentrations in the DGR during operations are given in Section 4.3 of NWMO 2011. Specifically,
the radon concentration in the ventilation shaft is given in Section 4.3.3 (NWMO 2011). This assessment includes two
sources of radon: emanation from the host rock and emissions from waste packages. In the other DGR locations during
operations (e.g., access tunnels, emplacement rooms), workers will be on the upwind side of the waste packages. As
such, there is no contribution of radon from waste packages in these locations.
As noted in Section 4.3.3 of NWMO (2011), the main source of radon from waste packages in the DGR will be used
radium sealed sources. Uranium is also present in the wastes, primarily as either surface contamination or depleted
uranium shielding. However, this uranium would not have decayed enough for radium and radon to be present in
significant amounts during DGR operations.
The radon present in the DGR during operations as a function of time is shown in Figure 4.3 of NWMO (2011). The
maximum concentration predicted in the DGR ventilation shaft is 13 Bq/m3 at night (lower during the day due to the
higher ventilation rate), a factor of 12 less than the Derived Working Limit of 150 Bq/m3.
Reference:
NWMO. 2011. Radon Assessment. Nuclear Waste Management Organization report NWMO DGR-TR-2011-34 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-112

 Section 2.5,
Precautionary
Approach
 Section 4.1, Scope
of the Project
 Section 11.5.6,
Human Health

Information Request:
Provide a succinct description of the uncertainty analysis associated with all numeric models used in the EIS and PSA
(e.g., 3D geological framework model, hydrogeological modeling, dose to human receptors modeling).
The succinct description must include all sources of uncertainty:




Data limitations (data gaps and measurement error);
Natural variability; and
Model error.

The description must then describe how each of the above sources of uncertainty was addressed in the modeling
exercises. This can include the use of sensitivity analysis, conservative assumptions, and probabilistic approaches. If
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particular statistics have been chosen to represent a variable with a wide natural range, justification for the selection of
that variable must be provided (e.g., median, average, or a percentile).
If uncertainty has been addressed primarily via robust engineering design and institutional assurances, this should be
stated clearly.
The above succinct description will help address concerns regarding the level of confidence in predictions made over a
very long time span.
Context:
Section 2.5 of the EIS Guidelines state the Precautionary Principle informs the decision-maker to take a cautionary
approach, or to err on the side of caution, especially where there is a large degree of uncertainty or high risk.
Section 4.1 of the EIS Guidelines state the long term performance of the facility must conform to CNSC Regulatory
Policy P-290, Managing Radioactive Waste. For instance the proponent needs to be able to show that it is able to
accurately predict the impacts of the facility on the health and safety and the environment and to demonstrate that they
are no greater than permissible.
Section 11.5.6 of the EIS Guidelines state the EIS must provide “An assessment of the project's potential effects on
human health through sources of contaminants from the project and potential exposure pathways into air and potable
water”.
Section 13.1 of the EIS Guidelines state the safety case should “provide confidence in the long-term safety of the
facility.” As well, Section 13.2 of the EIS Guidelines indicates that” Long-term assessment scenarios should be
sufficiently comprehensive to account for all of the potential future states of the site and the environment.”
OPG Response:
The principles defined in Canadian Nuclear Safety Commission (CNSC) Regulatory Policy P-290 (CNSC 2004) most
directly applicable to long-term safety and this Information Request are:
“(c) The assessment of future impacts of radioactive waste on the health and safety of persons and the environment
encompasses the period of time when the maximum impact is predicted to occur;
“(d) The predicted impacts on the health and safety of persons and the environment from the management of
radioactive waste are no greater than the impacts that are permissible in Canada at the time of the regulatory
decision;”
Section 13.1 of the Environmental Impact Statement (EIS) Guidelines (CEAA/CNSC 2009) also states that:
“Demonstrating long-term safety consists of providing reasonable assurance that the proposed DGR will perform in
a manner that protects human health and the environment”.
515

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Considering the effect of uncertainties is a key part of the analyses that support the EIS (OPG 2011a) and Preliminary
Safety Report (PSR) (OPG 2011b). The treatment of relevant uncertainties is described best in the technical documents
where each of the models is used.
A summary of the basis for confidence in the main models, including the use of conservatisms and sensitivity studies to
address uncertainties, is presented in the material supporting Ontario Power Generation’s (OPG) October 11, 2012
planned presentation to the Joint Review Panel for Technical Information Session #2 on Modelling (OPG 2012). These
materials provide the requested information for the following models:
Geoscience modelling
- 3-DGDM
- FRAC3DVS-OPG
- TOUGH-MP
- MIN3P
Repository evolution modelling
- FLAC3D
- FRAC3DVS-OPG
- T2GGM
- AMBER
Radiation dose modelling
- MicroShield
- MicroSkyshine
- MCNP
- Non Human Biota
Environmental Assessment
- AERMOD
- Cadna/A
In addition, the following two models were also important to the long-term safety conclusions of the EIS (OPG 2011a)
and PSR (OPG 2011b): UTGSM for glaciation, and UDEC for emplacement room stability. Finally, the socio-economic
assessment made use of an economic model to predict the economic effects, both adverse and beneficial, of the project.
For completeness, a discussion of the basis for confidence in these numerical models is included below.
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University of Toronto Glacial Systems Model (GSM)
The University of Toronto (UofT) Glacial Systems Model (GSM) is described by Peltier (2011). The current version (ICE5G (VM2 L90)) incorporates many recent advances in numerical ice sheet modeling. The model is supported by
approximately 15 peer-reviewed publications in the leading journals of the field (e.g., Nature, Journal of Geophysical
Research, Geophysical Research Letters, Geophysics Journal International, Annual Reviews in Earth and Planetary
Science, Reviews of Geophysics, Quaternary Science Review, Climate Dynamics). In terms of verification, it has been
subject to detailed inter-comparison with other models in the context of the European Ice Sheet Modelling INiTiative
project (EISMINT). Competing models include those by Huybrechts (Germany), Ritz (France), Payne (UK), Hughs
(USA), Marshall and Clark (Canada). Among these models, the UofT GSM is the only model: i) in which specific
approaches are employed to allow rigorous attention to the problem of model uniqueness; ii) that is coupled to an
accurate representation of the glacial isostatic adjustment process; and iii) for which rigorous analyses have been
performed to demonstrate the ability of the model to accurately compute the evolution of the permafrost and sub-surface
temperature regimes associated with the evolution of continental scale ice cover over a complete glacial-interglacial
cycle.
The selection and relative quality of GSM predicted ice-sheet histories is based, in part, on demonstration of acceptable
fits to observational constraints that include: i) the entire relative sea level database for North America; ii) the height of
the marine limit at site located on the Hudson Bay perimeter; iii) observation of present day rates of uplift; iv) the
independently published time dependent retreat isochrones for the ice-sheet chronology. The GSM numerical
simulations are consider the best available to establish reasoned external boundary conditions for surface perturbation
forcing by glacial events.
UDEC (Emplacement Room Stability)
UDEC stands for Universal Distinct Element Code. It is a widely used, explicit, two dimensional code for advanced
geotechnical analysis of rock and structural response and design in geotechnical, civil, petroleum and mining
engineering. UDEC has 1172 users in 59 different countries and was developed and has been commercially available
since 1984. UDEC was qualified in 2002 by U.S. DOE for use on its Yucca Mountain project for geological disposal of
high-level nuclear waste. The code has also been applied by a number of other international nuclear waste
management programs, including Switzerland (NAGRA), Finland (Posiva) and Sweden (SKB). The code has been
applied at underground research laboratories in Switzerland (i.e., Grimsel, Mt. Terri) and Germany (Gorleben).
The analysis of the long-term stability of DGR emplacement room caverns was carried out extensively using UDEC
Version 4.01 (ITASCA 2006) and FLAC3D Version 3.1 (ITASCA 2005). The application of the codes for the OPG’s
L&ILW DGR is described by ITASCA (2011). The FLAC3D code is described as part of information associated with the
JRP Technical Information Session #2 materials and will not described in detail here. These codes were selected to
model the behaviour of the emplacement room and development of the damage zone at room-and-pillar scale and at
panel scale. Like the DGR shaft seal analysis, scenarios were considered when the repository is subject to perturbations
such as glaciation, seismic events, gas generation from corrosion of waste packages and conservative combinations of
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these loading scenarios to provide insight into rock mass behavior for a time frame of 1,000,000 years.
For the purpose of the OPG’s L&ILW DGR, the approach for application of the code involved: i) the use of accredited
laboratory data used to develop rock mass parameters for the analysis; ii) conservative assumptions on long-term rock
strength; iii) calibration of material parameters against laboratory test results using Voronoi block model; iv) conservative
bounding cases as described above; and v) conservative 2D pillar-scale analysis as compared to more realistic 3D
panel-scale analysis.
Confidence in UDEC results is based on the following approach to model application, parameter selection and bounding
conservatisms: i) conservative constitutive models, ii) assumed low long-term material strength (i.e., 40% UCS); iii) input
parameters calibrated to laboratory results using Voronoi Block model; iv) in-situ stresses were calibrated to observed
borehole behaviour; v) conservative 2-D analyses; vi) assumed maximum glacial and seismic loading, and vii) combined
loading cases considered.
Economic Model
The economic model used for the assessment of the DGR Project was a purpose-built Input/Output Allocation Model.
The timeframe addressed by the modelling was from 2012 to 2062. All documents relevant to the Economic Modeling
are cited in Appendix E of the Socio-economic Environment Technical Support Document (AECOM 2011).
Data Limitations
1. The Input/Output calculations were derived using multipliers from the Statistics Canada, Interprovincial
Input/Output model. These multipliers provide an order-of-magnitude representation of the Provincial economy.
The multipliers used were the most recent available at the time and reflected conditions in the 2007 economy.
2. The direct labour assumptions and project costs used to input to the input/output calculations were derived from
the NWMO. They reflected the best assumptions available on project cost and associated direct labour force
complement at the time.
3. The Input/Output results are produced at the Provincial level and therefore, to determine local effects, an
allocation exercise was required. The input/output results were allocated to the Local Study Area (LSA),
Regional Study Area (RSA) and outside study areas based on historic workforce data derived from an employee
survey of the Western Waste Management Facility and from NWMO’s estimates of where major project
expenditures might be made.
4. The calculation of municipal impacts was formulated around population projections for the LSA and RSA
municipalities. The assumptions behind these population assumptions were derived from available municipal
documents which, for the most part, gave estimates out to 2031. Beyond 2031 population forecasts were
produced by extrapolating compound annual growth rates experienced in the study area municipalities during
the period 2006 to 2031 out to 2062.
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5. Once the population forecasts were derived, the impacts on municipal services were calculated using 2009 per
capita service ratios.
6. Tax Assessment impacts were derived using the population projections and per capita tax assessment
information derived from the 2008 Financial Information Returns for each of the study area municipalities.
7. The effects tables provided in the EIS report provide an annual average estimate of effect for each of the project
phases (i.e., site preparation and construction, operation and decommissioning).
Natural Variability
The model describes human economic behavior. It is an extrapolation based on current economic conditions. There is
inherent variability in the evolution of social and economic conditions that is likely larger on more local scales than
regional scales.
Model Error
The economic model is a forecast model that uses available socio-economic information to anticipate likely project
effects going forward. The results are order of magnitude and reflect reasonable estimates of what might happen in the
future given past trends, knowledge of current local conditions and assumptions the project over its lifecycle in terms of
labour requirements and expenditures for goods and services. However, the results could be influenced if social and
economic conditions going forward are dramatically different than socio-economic conditions at the time of writing.
Uncertainty Analysis
The economic model provides order-of-magnitude estimates of project effects based on current economic conditions
extrapolated forward through population projections. Input/Outputs are provided on a best-estimate basis. No sensitivity
results were provided.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM Canada Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299)
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
CNSC. 2004. Managing Radioactive Waste. Canadian Nuclear Safety Commission Regulatory Policy P-290. Ottawa,
Canada.
ITASCA. 2005. FLAC3D (Fast Lagrangian Analysis of Continua in 3 Dimensions), Version 3.1. Minneapolis, USA.
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ITASCA. 2006. Universal Distinct Element Code (UDEC), Version 4.00. Minneapolis, USA.
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the Joint Review Panel’s Technical Information Session #2”, CD# 00216-CORR-0053100135, August 27, 2012. (CEAA Registry Doc# 706; updated version to be posted).
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report NWMO DGR-TR2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-113

 Section 2.5,
Precautionary
Approach
 Section 4.1, Scope
of the Project
 Section 11.5.6,
Human Health
 Section 13.1,
Demonstration of
the Long-term
Safety of the DGR
 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Explain why hydrologic underpressures in the formations overlying the repository and overpressures in the underlying
strata would persist for 1 million years. If changes in these conditions are anticipated, evaluate how this would impact the
model results. Evaluate the uncertainties associated with these predictions.
Context:
A key element of the deep bedrock groundwater zone is an overpressure. The origin of the overpressure is uncertain, but
is modelled as a driver of upwards groundwater flow.
Another element is underpressures that exist above the deep bedrock and groundwater zone. The origin and future
behaviour these underpressures also are uncertain.
OPG Response:
The assessment of processes responsible for the generation and maintenance of the observed hydraulic over- and
under-pressures within the sedimentary sequence beneath the Bruce nuclear site is described by Sykes et al. (2011,
Sections 6 and 7.2.9). Further information related to the anomalous heads, their evaluation and uncertainties with
respect to interpretation of bedrock formation properties and groundwater system evolution, is provided by NWMO
(2011, Section 5.5). In general, the anomalous formation pressures are expected to persist for 1 million years (1 Ma)
and probably longer, in part, due to: i) the near horizontally layered and laterally extensive aquifer/aquiclude/aquitard
basin hydrostratigraphy; ii) the presence of variably dense basin fluids with long residence times; iii) the very low rock
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mass hydraulic conductivity of the Ordovician sediments; and iv) the existence of a long-lived diffusion dominant
transport regime that appears insensitive to external geologic perturbations. A further discussion is provided below.
The anomalous formation hydraulic heads observed within the deep DGR-series boreholes provide a site-specific natural
analogue with respect to the groundwater system hydrostratigraphy, formation scale hydraulic properties, solute
migration, and response to geologic forcing. The hydraulic heads in the Cambrian sandstone and the Niagaran Group
are over-pressured considering density corrected hydrostatic levels relative to the ground surface. The Ordovician
limestone and shale are significantly under-pressured. The processes that surround the generation of anomalously
elevated heads are numerous, including variable-density fluid, non-equilibrium compaction, hydrocarbon migration,
diagenesis, tectonic stress, or, more simply, topographic effects. Similarly, for abnormal under-pressures, potential
processes include osmosis, exhumation, glaciation unloading, crustal flexure, and the presence of a non-wetting gas
phase in pores. Regardless of the process responsible, a requirement for the occurrence of anomalous formation
pressures is the presence of extensive low permeability media.
A more detailed discussion and screening of possible processes leading to the generation of anomalous heads is
provided in Sections 6.1.1 to 6.1.5 of Sykes et al. (2011). This includes: i) basin scale hydrostratigraphy and variable
density fluids; ii) glacial loading/unloading; iii) osmosis; iv) exhumation; and v) crustal flexure. As a result of this
screening assessment, three key hypotheses were put forth and tested using illustrative numerical simulations. The
hypotheses were: i) the over-pressures in the Cambrian and Niagaran Group and the under-pressures in the Ordovician
shale and limestone are a consequence of glaciations and deglaciation; ii) the over-pressures in the Cambrian and
Niagaran Group are related to the dynamics of density-dependent saturated flow in the Michigan Basin; and iii) the
under-pressures in the Ordovician are the result of the presence of a non-wetting gas phase in the limestone and shale.
A description of the numerical simulations performed to gain insight and illustrate the role of various processes, including
uncertainty analyses, are described in Sections 5.6, 6.2 and 6.3 of Sykes et al. (2011).
In summary, key findings of the hydrogeologic evaluation and illustrative numerical simulations include:






The basin-scale (2-dimensional) simulations support the hypothesis that the over-pressures in the permeable
Cambrian aquifer occur as the result of dynamic density-dependent flow, the geometry of the basin, and the
complexities of the stratigraphy in the basin; however, these simulations could not precisely replicate the
Ordovician under-pressures.
The observed over-pressures in the DGR boreholes could not be replicated by regional scale 3-dimensional
simulations applying surface boundary conditions and mechanical parameters that reflect compression and
dilation under paleoclimate glaciation and deglaciation scenarios, as described by Peltier (2011).
The observed under-pressures in the Ordovician sediments could not be simulated, using field and laboratory
derived parameters, by the mechanical loading during glaciation and unloading and consequent rock dilation
during deglaciation.
Based on the two-phase air and water simulations using TOUGH2-MP, it is concluded that the under-pressures
would be consistent with the presence of a minor non-wetting gas phase in the Ordovician sediments.
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Both equilibrium and disequilibrium models were considered in the hydrogeological analyses and the results suggest that
the abnormal pressures are long-lived. In either equilibrium or disequilibrium models (Neuzil 1995), the currently
observed profile is a result of past boundary conditions and stresses that are different from those observed today. An
equilibrium model would suggest that the pressures in the Cambrian and Ordovician are static and the pore waters
stagnant, and, as has been suggested for abnormally pressured conditions elsewhere by Neuzil (1995), may be a relic
feature preserved by a virtual absence of fluid flow over geologic time. In a disequilibrium model, the pressures are
slowly evolving, in a geologic time sense – flow will be converging on the Ordovician from the overlying formations and
the underlying Cambrian. Based on the vertical hydraulic conductivity of the Ordovician formations (see Sykes et al.
2011; Section 4.5) such a process is interpreted to take considerably more than 1 Ma to reach equilibrium.
Additional evidence supporting the above finding includes evidence of pore fluid evaporative sea water origin and
diagenesis, long geologic periods of rock-water interaction, and the existence of a long-lived diffusion dominant transport
regime despite elevated vertical hydraulic gradients and external geologic perturbations (NWMO 2011, Section 4.5).
This evidence, coupled with an assessment of long-term shale cap barrier integrity (Engelder 2011) and geomechanical
stability (ITASCA 2011), strongly support a conclusion that the above conditions, governed in part by a low vertical rock
-14
mass hydraulic conductivity (in the order of 10 m/s and possibly lower) within the Ordovician sediments, are unlikely to
alter or influence estimates of future long-term safety.
The above evidence from site characterization and illustrative numerical simulation activities highlight conservatisms in
selected Safety Assessment scenarios and predictions to account for system and evolutionary uncertainties. These
include: i) an equilibrated vertical hydraulic head distribution through the Ordovician, with upward gradients from the
permeable over-pressured Cambrian; ii) instant re-saturation of the DGR despite estimates of re-saturation times 1 Ma;
and iii) degraded DGR shaft seals and excavated damage zone properties. As a consequence, uncertainties associated
with anomalous formation pressure evolution, and future performance due to anticipated perturbations, are captured by
the submitted Safety Assessment scenarios (QUINTESSA et al. 2011).
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Neuzil, C. 1995. Abnormal pressures as hydrodynamic phenomena. American Journal of Science 295, 742–786.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
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Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization Report NWMO DGR-TR2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-114

 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Provide an evaluation of uncertainties in the sorption/desorption of contaminants on seal materials and host rocks, and
mineral precipitation/dissolution reactions. Discuss the impact of these uncertainties on model predictions.
Describe how the interactions of contaminants with organic compounds in the rocks of the cap rock seal have been
addressed. These interactions would include microbiological processes.
Context:
Section 13.2 of the EIS Guidelines states: “Long-term assessment scenarios should be sufficiently comprehensive to
account for all of the potential future states of the site and the environment.”
OPG Response:
The response is provided in four parts:
(a)
(b)
(c)
(d)

evaluation of uncertainties in the sorption/desorption of contaminants on seal materials and host rocks;
evaluation of uncertainties in the precipitation/dissolution of contaminants
discussion of the impact of these uncertainties on model predictions; and
discussion of the interactions of contaminants with organic compounds in the rocks of the cap rock seal.

(a) Uncertainties in Sorption/Desorption in Seal Materials and Host Rocks
The uncertainties in sorption data are discussed in Appendix D of the Data report (QUINTESSA and GEOFIRMA 2011).
Preliminary safety assessment calculations indicated that potentially important radionuclides for the long-term safety of
the DGR included C-14, Cl-36, Ni-59, Zr-93, Nb-94, I-129, Ra-226, Np-237, U-238 and Pu-239. Also, non-radioactive
Cd, Cr, Cu and Pb, were identified as potentially important hazardous elements. Appendix D provides data with respect
to sorption for these 14 elements; for all other elements, it was conservatively assumed that there was no sorption on
seal materials or rocks. Appendix D.2 comments on the most important retardation processes for each element of
interest and the associated uncertainties, and Appendix D.3 presents recommended sorption values selected following a
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review of relevant literature available prior to the data freeze for the postclosure safety assessment in summer 2010 (at
that time, no site-specific sorption measurements were available).
The assessment focused on sorption in bentonite-sand seals within the shafts, and in the host rocks. The recommended
values were intended to be conservative. Sorption on concrete and asphalt was conservatively taken to be zero.
Sorption on materials within the repository itself was also assumed to be zero.
Subsequently, a separate literature review was completed by Vilks (2011) for sedimentary rock and a range of salinities.
As shown in Table 1, the sorption values recommended in Appendix D.3 of QUINTESSA and GEOFIRMA (2011) are all
lower than the minimum values recommended by Vilks (2011), apart from the values for Np and Pu in shale (Table 1)
which are at the upper end of the range in Vilks (2011). In Appendix D of QUINTESSA and GEOFIRMA (2011), the
recommended value is 0.2 m3/kg, compared with a range of 0.11 to 0.22 m3/kg recommended by Vilks (2011) for Pu(III).
However, it should be noted that the values quoted by Vilks (2011) were obtained from experiments using Eu(III) as an
analogue for Pu(III) and are lower than the limited data obtained by direct measurement.
Table 1: Comparison between Sorption Values Used in the Postclosure Safety Assessment (from
QUINTESSA and GEOFIRMA (2011)) with Those Recommended by Vilks (2011)
Appendix D of QUINTESSA and GEOFIRMA (2011) *

Vilks (2011)

Element

Argillaceous
Lithologies
3
(m /kg)

Limestone
Lithologies
3
(m /kg)

Bentonitesand
3
(m /kg)

Asphalt,
Concrete
3
(m /kg)

Shale
3
(m /kg)

Limestone
3
(m /kg)

Bentonite
3
(m /kg)

C

0

0

0

0

0

0.0017 to 0.090

0.00002 to 0.0003

Cl

0

0

0

0

-

-

-

Cr

0

0

0

0

-

-

-

Ni

0

0

0

0

-

-

-

Cu

0

0

0

0

001 to 0.49

0.0002 to 0.12

0.007 to 0.26

Zr

0.01

0

0.05

0

42 to 600

no data

0.05 to 1.6

Nb

0.05

0

0.1

0

1.4 to 2.8

no data

1.2 to 1.8

Cd

0.05

0

0

0

-

-

-

I

0

0

0

0

-

-

-

Pb

0.03

0

0.001

0

0.59 to 3.38

0.0004 to 0.008

0.01 to 50

Ra

0

0

0

0

0.0070 to 0.032

0

0

U*

0.001

0.001

0.01

0

0.002 to 0.051

0.002 to 0.017

0.014 to 0.57

Np *

0.03

0.001

0.004

0

0.0075 to 0.026

0.001 to 0.20

0.017 to 0.40
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Pu *

0.2

0.02

0.5

0

0.11 to 0.22
(Pu(III))
1.4 to 3.2
(Pu(IV,V))

0.093 to 0.29
(Pu(III))
0.020 to 0.50
(Pu(IV,V))

0.088 to 28
(Pu(III))
1.7 to 30
(Pu(IV,V))

Notes:
- Not reported
* Where multiple oxidation states of an element are possible, the values from QUINTESSA and GEOFIRMA (2011) are applicable to all
oxidation states. Vilks quoted sorption values for multiple oxidation states of Np, U and Pu and the values tabulated here are for Np(V),
U(VI), Pu(III) and Pu(IV,V). The maximum Np(V) and U(VI) values are lower than the minimum values for Np(IV) and U(IV) respectively.

More recently, experimental sorption data for Ni(II), Cu(II) and U(VI) under saline conditions and using DGR rock cores
are reported by Vilks et al. (2011). These data were unavailable when the sorption values in Appendix D of QUINTESSA
and GEOFIRMA (2011) were compiled, but are all higher than the recommended values used in the postclosure safety
assessment.
Given the uncertainties associated with the sorption values, no sorption in the bentonite-sand seals and the host rocks
was conservatively assumed for the majority of elements (see Table 1). However, although there is limited sorption data
for the high salinity conditions of the DGR, there is a substantive knowledge base to indicate that some elements will
have non-negligible sorption under DGR conditions. The recommended non-zero values used in the postclosure safety
assessment (Table 1) were cautious estimates taken from the lower end of the distribution of the sorption values for
these elements reported in the reviewed literature. As indicated by the comparison with Vilks (2011) and Vilks et al.
(2011), the actual values are likely to be either similar or higher.
Furthermore, in the postclosure safety assessment, the possibility that the sorption values could be even lower than the
recommended values in Appendix D of the Data report (QUINTESSA and GEOFIRMA 2011) was taken into account
using a calculation case in which sorption was conservatively neglected completely in all shaft materials and the
geosphere.
(b) Uncertainties in Precipitation/Dissolution
The chemical reactions that could occur in engineered materials within the DGR and its shaft seals, and the uncertainties
associated with these reactions, are discussed in Section 4.5, Appendix C and Appendix E of QUINTESSA (2011a). The
chemical reactions that occur within the geosphere and their associated uncertainties are discussed in Section 5.4 and
Appendix C of QUINTESSA (2011a).
Mineral dissolution and precipitation reactions within the undisturbed host rock immediately surrounding the DGR will be
occurring slowly and are not credited with any relevance for influencing contaminant transport; there is no evidence in
the rock characteristics or chemical characteristics of porewater to support the occurrence of such on-going reactions
(Section 3.7, INTERA 2011). Due to the dimensions of the rock formations and the diffusion-limited transport, significant
changes to the rock mass are unlikely. Dissolution of carbonate was evaluated and was found to be small (Appendix G,
QUINTESSA 2011a).
Mineral dissolution reactions and precipitation reactions will occur to some extent during the early evolution of seals
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(e.g., curing of concrete) and at the interfaces between seals and the geosphere. The uncertainties associated with
these reactions have been taken into account by scoping calculations using various assumptions about mineral
precipitation / dissolution (see for example Appendix E of QUINTESSA 2011a). None of the investigated uncertainties
call into question the adequate functioning of the engineered and natural barriers.
Precipitation / dissolution reactions are ignored for all elements other than carbon and iron. Carbon and iron are
significant components of the waste and are expected to degrade, and therefore their main degradation products are
modelled. Solubility limits for other elements, and by implication precipitation / dissolution, are discussed in Appendix C
of the Data report, QUINTESSA and GEOFIRMA (2011), but were not used in the postclosure safety assessment
calculations.
For carbon, a solubility limit of 1 × 10-2 mol/m3 was calculated for Cobourg porewater equilibrated with concrete
(Appendix C.3.1, QUINTESSA and GEOFIRMA 2011). However, in the long term the concrete is expected to degrade to
a certain extent both physically and chemically (Section 4.5.3 of QUINTESSA 2011a) and so a Cobourg porewater
solubility limit of 6 × 10-1 mol/m3 was used for carbon (Section 4.6.2, QUINTESSA and GEOFIRMA 2011). This is
expected to be an upper estimate.
(c) Impact of Uncertainties on Model Predictions
Sorption of certain elements in the bentonite-sand shaft seal and in the geosphere was included in all but two calculation
cases. Conservative sorption values (values at the lower end of the plausible ranges) were employed in these
calculations. Two variant calculation cases were implemented in which no sorption occurred in the bentonite-sand shaft
seal and geosphere (variant cases NE-RT1 and NE-RT2, see Section 8.8.2.3 of the Preliminary Safety Report (PSR)
[OPG 2011]). Although these cases resulted in an increase in the flux of radionuclides from the repository (see for
example Figure 1 below) and an increase in the maximum calculated dose (Table 2 below) the dose remained orders of
magnitude below the dose criterion. Part of this increase in dose was due to the instantaneous release model that was
adopted for all wastes in the NE-RT1 and NE-RT2 cases.
In addition, probabilistic calculations were undertaken for the important radionuclides (C-14, Cl-36, Zr-93 and I-129) to
investigate sensitivity of consequences to the release and transport parameters (see Section 8.8.4 of the PSR).
Sampled parameters included the sorption coefficients, as well as initial inventory, thicknesses and corrosion rates for
metal wastes, and effective diffusion coefficients. The ranges are described in Section 4.4.6 of QUINTESSA (2011b).
The effect of varying the sampled parameters on the maximum calculated concentration in the well water was
considered, as this is a key factor in determining calculated dose rates in the biosphere. The results are summarized in
Section 8.8.4 of the PSR with more detail being given in Section 6.17 of QUINTESSA (2011b). They demonstrate that
the concentration of the most important two radionuclides in well water (I-129 and Cl-36) may increase by up to about
two orders of magnitude when the Reference Case parameters are varied over plausible ranges (see Figure 2 below),
but the peak dose remains orders of magnitude below the dose criterion. Analysis of correlation coefficients between the
sampled parameters and the peak calculated concentration in the groundwater well (see Table 6.3, QUINTESSA 2011b)
indicate that, out of the parameters sampled, C-14 and Cl-36 are most sensitive to their effective diffusion coefficients in
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bentonite-sand, I-129 is most sensitive to its initial inventory, and Zr-93 is most sensitive to its sorption coefficient. The
relatively small calculated impacts indicate that the safety of the system is not sensitive to variations in these parameters.
1.E+08
NE-RC: Total
NE-RT1: Total

1.E+07

NE-RT1: C-14
NE-RT1: Zr-93

1.E+06

NE-RT1: Nb-94

Transfer Flux (Bq/a)

IR#

NE-RT1: Nb-93m

1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00
10

100

1,000

10,000

100,000

1,000,000

10,000,000

Time (a)

Figure 1: Radionuclide Flux to the Base of the Shafts with Instant Resaturation and Release and
No Sorption (NE-RT1) Compared to Reference Case (NE-RC) (Figure 8-47 of the PSR)
Table 2: Maximum Doses to an Adult for Different Contaminant Release and Transport Assumptions
(Table 8-21 of the PSR)
Case

Brief Description

NE-RC
NE-RS
NE-RT1

Reference case (with underpressures)
Resaturation at closure (with underpressures)
Resaturation at closure, instant release to groundwater, no
sorption (with underpressures)
Resaturation at closure, instant release to groundwater, no
sorption (without underpressures)

NE-RT2

Max. Calculated
Dose (mSv/year)

Note:
a.
This represents the end of the calculation period.
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1.E-02
Natural Cl-36 in Surface Water

1.E-03
1.E-04
Natural I-129 in Surface Water

1.E-05

Concentration (Bq/m3)

IR#

1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11

Cl-36: 5th Percentile

I-129: 5th Percentile

Cl-36: 50th Percentile

I-129: 50th Percentile

Cl-36: 95th Percentile

I-129: 95th Percentile

1.E-12
100

1,000

10,000

100,000

1,000,000

10,000,000

Time (a)

Figure 2: Calculated Well Water Concentrations for Cl-36 and I-129 from Probabilistic
Sensitivity Calculations (NE-PC) Based on the Reference Case (Figure 8-55 of the PSR)
As noted above, the sorption values and solubility limits for contaminants were set deliberately low and high,
respectively. Within the uncertainties, the sorption values could also be higher and solubility limits lower than assumed.
No specific calculations were made to test this potential improvement as the dose rates are already low. However, as a
general observation it is noted that sorption, precipitation and solids exchange of C-14 are likely to occur to some extent
due to the large amount of carbon in the repository, shaft seals and host rock. This could appreciably reduce the
potential dose consequences of some disruptive scenarios such as the Severe Shaft Seal Failure Scenario.
(d) Interactions of Contaminants with Organics in Cap Rock
Interactions between contaminants and organic compounds in the cap rock are not explicitly considered. However,
many of the argillaceous rocks included in the review of sorption values in Appendix D of QUINTESSA and GEOFIRMA
(2011) are likely to include natural organics and so the impact of organics is implicitly included in the selected sorption
values. While the presence of organics is likely to increase sorption due to their large surface area, it is possible that the
presence of organic complexants might reduce the sorption of certain contaminants. This case is bounded by the NE528
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RT1 and NE-RT2 variant cases (Section 8.8.2.3 of the PSR) which show that the maximum calculated dose remains well
below the dose criterion even when all contaminants are assumed to be non-sorbing. The presence of complexing ions
can also impact contaminant solubility but this effect is bounded by the assumption of no solubility limitation in the
geosphere and shaft adopted for all calculation cases.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
(available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA. 2011a. Postclosure Safety Assessment: System and its Evolution. Quintessa Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA. 2011b. Postclosure Safety Assessment: Normal Evolution Scenario. Quintessa Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Vilks, P. 2011. Sorption of Selected Radionuclides on Sedimentary Rocks in Saline Conditions – Literature Review.
NWMO Report TR-2011-12. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/1903_nwmotr-201112sorptionofselectedradionuclidesonsedimentaryrocksinsalineconditions-literaturereviewr0.pdf)
Vilks, P., N.H. Miller and K. Felushko. 2011. Sorption Experiments in Brine Solutions with Sedimentary Rock and
Bentonite. NWMO Report TR-2011-11. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/1895_nwmotr-201111sorptionexperimentsinbrinesolutionswithsedimentaryrockandbentonite_r0c.pdf)

EIS-04-115

 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Explain why carbon-14 was singled out for modeling.
Context:
In the Post Closure Safety Assessment TSD, in Box 1: Key Aspects of the Conceptual Model for the Normal Evolution
Scenario, page 102, it is stated that only carbon is given a solubility limitation factor. However, in Section 6.2.1.1, page
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109, it states: “solubility limits have not been applied to contaminant releases, except for C-14”. As well, in Section
7.3.2.2, page 198, it states the more complex repository behaviour of C-14 is modelled.
OPG Response:
Carbon-14 (C-14) is modeled differently from other radionuclides because:


C-14 is one of the more important radionuclides due to its amount in the repository (almost 50% of the inventory
(in Bq) at repository closure, assumed to be 2062) and its relatively long half life (5700 years), and therefore
warrants more attention.



C-14 is the most important radionuclide in the gas phase in the longer term (tritium will largely decay within
100 years). A gas phase model is required to represent this form of C-14 and associated release pathways.



C-14 will behave chemically like stable carbon. There will be large amounts of carbon within the repository as
organic wastes, and the transfer of this carbon into gas form (due to waste degradation), water form (to the
extent that the repository resaturates) and in solid forms (mineral and biomass) is relevant to the fate of C-14.
The C-14 model therefore needs to be coupled to this redistribution of carbon from the wastes.



The water chemistry within the repository is potentially complicated and heterogeneous, and therefore solubility
limits were not used for any element except carbon. Solubility limit for carbon was retained because the
repository will be surrounded by significant amounts of carbon as limestone (primarily calcium carbonate), and
this will constrain the chemistry within the repository with respect to carbon solubility.

More information on the C-14 modelling, including how it is related to the carbon solubility limit, is provided in Appendix E
of QUINTESSA (2011). For context, Figure 1 shows the calculated concentration of C-14 in water within the Panel 1 and
Panel 2 emplacement rooms for the Reference Case (NE-RC) and shows that it remains orders of magnitude below the
carbon solubility limit. The amount of C-14 within the repository water is not sufficient to exceed the solubility limit for
carbon in any of the calculation cases.
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Figure 1: C-14 Concentration in Panel 1 and 2 Water for the Normal Evolution Reference Case (NE-RC)
(partial resaturation of the DGR, with carbon in repository water at its solubility limit and with no
sorption of C-14)
Reference:
QUINTESSA. 2011. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. Quintessa Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
EIS-04-116

 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Clarify where and how natural analogues have been used in the safety case.
Context:
The use of natural analogues is a tool in uncertainty assessment.
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OPG Response:
The main barriers for OPG’s proposed Deep Geologic Repository (DGR) for low and intermediate level waste are the
host rock (Ordovician limestone), the shale cap rock for the repository horizon (212 m thick Ordovician shale sequence),
and the shaft seals. Natural analogues have been used in the safety case to enhance the confidence in the long-term
performance of these barriers:
1) Long-term barrier integrity of Ordovician shale cap rock;
2) Diffusion-dominated conditions in the Ordovician formations (shale and limestones); and
3) Long-term stability of shaft seal materials.
The role of these analogues in the safety case is included in the Arguments and Evidence for DGR Safety, presented in
Table 14-3 of the Preliminary Safety Report (PSR) (OPG 2011).
1) Long-term Barrier Integrity of Ordovician Shale Cap Rock
Several Devonian and Ordovician shale sequences are known to provide effective hydrocarbon seals within the
Appalachian and Michigan basins. In particular, the Appalachian Basin has gas traps below the Marcellus black shale
that have contained gas for millions of years at pressures that reach more than 70% of the overburden stress
(lithostatic). This provides a natural analogue for the gas retention capability of the shale cap rock at the DGR. (At the
DGR site, 70% of the lithostatic pressure is 12 MPa, whereas the expected peak DGR gas pressure is around 7-9 MPa).
These arguments are noted in Section 4.1.2.3 of the PSR and Section 2.2.8.2 of the Geosynthesis report (NWMO 2011).
Details of the evidence are given in the DGR report entitled “Analogue Study of Shale Cap Rock Barrier Integrity”
(Engelder 2011).
2) Diffusion-dominated Conditions in the Ordovician Formations
The historical behaviour of the Ordovician shale and limestone rock at the DGR site itself is a natural analogue for its
future evolution. Characterization of the conditions in these formations provides evidence that mass transport within the
rock has been diffusion dominated on a geologic timescale. These observations include the occurrence of
underpressures, sealed fractures, low formation permeabilities, and natural tracer profiles.
In particular, the natural tracer profiles (such as chloride, bromide, and the stable isotopes of oxygen and hydrogen)
show that the groundwater at the repository depth (Ordovician limestone) has been virtually stagnant for tens to
hundreds of millions of years (Section 4.3.2.3 of the PSR and Section 4.4.1 of NWMO 2011). Numerical simulations
show that the observed natural tracer profiles in the Ordovician formations are consistent with diffusive transport over a
period of approximately 300 Ma (Section 4.5.2.3 of NWMO 2011).
The site has been affected by glaciations that have occurred several times over the last one million years, including the
Laurentide Ice Sheet that began approximately 120,000 years ago, and that advanced over most of Canada including
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the DGR site (Peltier 2011 and Section 4.5.1 of the PSR). The observations of underpressures, no open fractures, low
formation permeabilities, natural tracer profiles consistent with diffusion, and no chemical signature of recent meteoric
water within the Ordovician formations provide evidence that the conditions within the host rock remained diffusiondominant even under past glaciation perturbations. This provides an analogue for how the site will behave under future
glaciation (Section 8.6.1 of the PSR).
This understanding has been adopted in the postclosure safety assessment. The postclosure geosphere model is based
on a conceptual model and properties that is consistent with this site analysis. Also, the arguments for limited future
effects of glaciation are drawn from this analogue information (Section 8.8.2.11 of the PSR).
3) Long-term Stability of Shaft Seal Materials
Natural analogues have been used to provide additional confidence in the long-term stability of the shaft seal materials
(bentonite-, asphalt- and concrete-based materials).
The natural analogue evidence for the stability of the primary long-term shaft seal - the bentonite-sand seal - is noted in
Section 8.6.2.9 (Box 2) of the PSR.
In addition, the response to Information Request EIS-03-64, item (3) (OPG 2012), discusses the natural analogues of
these materials (and human experience with these materials). In particular, the bentonite-based material, which
constitutes the bulk of the shaft sealing, has demonstrated durability of millions of years from natural analogues.
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report NWMO DGR-TR2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-117

 Section 13.2,
Selection of

Information Request:
Provide a detailed comparison of the proposed DGR with other international L&ILW repositories. Explain significant
533

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section
Assessment
Scenarios

Information Request and Response
differences between the proposed DGR and these international repositories. Compare key features of the design,
including:









depth;
excavation size;
development techniques;
safety;
waste containment;
water management;
use of backfill; and
community engagement and acceptance.

Context:
In the Post Closure Safety Assessment TSD, Table 3.5: Confidence Building Measures and Attributes, page 23, it states
confidence in the overall safety of the DGR requires the use of a systematic approach consistent with international
practice and recommendations.
OPG Response:
For clarity, the statement from Table 3.5 of the Postclosure Safety Assessment Report (QUINTESSA et al. 2011)
referenced in the Context section of this IR relates to the “systematic approach” to the safety assessment process being
“consistent with international practice and recommendations”, not to the design features of the repositories which are
being assessed.
Notwithstanding this, a detailed comparison of relevant international repositories was prepared by the Canadian Nuclear
Safety Commission (CNSC) and previously submitted to the Panel on May 28, 2012 under CEAA Registry Doc# 521
(CNSC 2012). This comparison includes all of the features requested above, plus additional ones.
OPG agrees with the assessment provided by the CNSC.
References:
CNSC. 2012. Overview of the Relevance of Existing Waste Repositories to OPG’s Proposed Deep Geologic Repository
(DGR) for Low and Intermediate Level radioactive Waste (L&ILW). CNSC Memorandum 2.05/37-2-6-0. (CEAA Registry
Doc# 521)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd. and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
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Information Request:
Describe how OPG’s management system for the DGR will document iterative changes to the safety case.
Context:
In the Post Closure Safety Assessment TSD, section 3.7, page 22, it states confidence can be built by using an iterative
approach that allows the results of previous assessments to be used to inform the current assessment.
OPG Response:
The safety case for the DGR is found in the Preliminary Safety Report (PSR) (OPG 2011a) submitted in support of
OPG’s application for a site preparation and construction licence for the DGR.
This safety case has been developed to build confidence in the results by using an iterative approach as outlined in
Section 3.7 of QUINTESSA et al 2011. The PSR in Section 1.9.4, Assessment Strategy, also discusses the iterative
nature of the approach to develop the repository design and safety case. PSR Table 1-3, Iterative Process for the Safety
Case Formulation in the Regulatory Approvals Phase, illustrates the steps by which the safety case was developed in
concert with advances in the design process and in site characterization.
An example of how one iteration of a safety assessment informs the next iteration of a safety assessment is how version
V1 of the DGR postclosure safety assessment was subject to international peer review, and the results of this review
considered prior to producing the now-current V2 version of the postclosure safety assessment. The results of this
international peer were submitted in OPG’s response to Information Request EIS-01-18.
In future, following construction of the DGR, and prior to operation, OPG will need to apply for and receive an operating
licence from the Canadian Nuclear Safety Commission (CNSC). In support of the operating licence application, a Final
Safety Report, with updated safety case, will be submitted to the CNSC in accordance with Class 1 Nuclear Facility
Regulations. An operating licence is typically initially granted for a period of five or ten years, and renewed thereafter for
similar periods. The renewal process requires the updating of the Final Safety Report. It is by this means that the safety
case is updated to reflect changes to data, assessment methodology and regulatory requirements. It is not expected
that the changes to the safety case would be significant from revision to revision but would be iterative in nature and
build upon previous assessments.
The process of updating the Final Safety Report will follow the quality principles and processes described in OPG’s DGR
Project, Management System document (OPG 2011b). These include conducting and documenting each iteration of
safety assessment following the applicable safety assessment procedures and maintaining a record of it in accordance
with the record management procedures.
References:
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. Deep Geologic Repository Project, Management System. OPG document 00216-CHAR-0001 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd. and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-119

 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Provide the evidence and associated uncertainties that produce the predictions that the proposed DGR may take many
hundreds of thousands, or even millions, of years to resaturate. Evaluate and describe different saturation scenarios
(25%, 50%, 75%, 100%) with respect to the long-term performance of the proposed DGR.
Context:
The Post Closure Safety Assessment: Analysis of the Normal Evolution Scenario, section 2.1, page 22 states that “the
low permeability of the shaft seals and the host rock, plus the gas pressure in the repository and the water consumption
by corrosion reactions, all limit the resaturation of the repository. The repository might take many hundreds of thousands
or even millions of years to resaturate completely”.
OPG Response:
The saturation of the DGR excavation after closure is addressed in the postclosure safety assessment and, in particular,
the Groundwater Modelling report (GEOFIRMA 2011) and the Gas Modelling report (GEOFIRMA and QUINTESSA
2011). In these reports, results are presented from numerical models of groundwater and gas transport in and around
the repository. These models include the effects of the shafts (including damaged zone) as pathways for water entry, the
hydraulic conditions in the surrounding rock including pressure conditions reflecting the over/under pressures measured
at the site, and gas generation from the wastes.
Specifically, the coupled gas and groundwater modelling code, T2GGM, has been used to investigate the evolution of
repository saturation (see the Gas Modelling report, GEOFIRMA and QUINTESSA 2011, for details). The model
includes waste corrosion and degradation reactions, which are dependent on the availability of water in the repository, as
well as reactions that can release water (see Chapter 4 of the T2GGM documentation, QUINTESSA and GEOFIRMA
2011). Calculations cases have been undertaken that consider the Reference Case that best reflects our knowledge
(NE-RC), as well as various sensitivity analyses. Some cases conservatively ignore the consumption of water by
corrosion and degradation reactions, thereby allowing resaturation, as well as corrosion and degradation reactions to
proceed faster (non-water limited, NWL, cases). Other cases account of the removal of water consumed in gas
generation reactions on the repository water balance (water limited, WL, cases).
A brief description of the cases is given in Table 3.1 and Section 3.2 of the Gas Modelling report (GEOFIRMA and
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QUINTESSA 2011). The results for these calculation cases are summarized in Section 8.1 of the Gas Modelling report
(GEOFIRMA and QUINTESSA 2011). The repository liquid saturation for all NWL and WL cases are presented in
Figures 8.3 and 8.4 of GEOFIRMA and QUINTESSA (2011), respectively. These figures are reproduced below.
For most cases, resaturation is limited, with correspondingly low water levels within the repository for the duration of the
simulation. Increasing the host rock vertical permeability by an order of magnitude resulted in about 10% saturation (NEAN3). Only the Disruptive Scenario cases with severe shaft seal failure (SF-BC and SF-ED), and the Normal Evolution
Scenario cases with no gas generation (NE-NG1 and NE-NG2) resulted in saturations in excess of 25% over the 1 Ma (1
million years) simulation period. The water saturation levels are lower for the WL cases.

Figure 8.3: Average Repository Water Saturation for All NWL Cases
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Figure 8.4: Average Repository Water Saturation for All WL Cases
These results indicate that, for the majority of the cases considered, the repository will be largely unsaturated for a very
long time due to:





the slow supply of water from the rock due to its very low permeability (and low porosity);
the slow supply of water from the sealed shafts due to their low permeability and low total area;
consumption of water by various anaerobic reactions involved in degradation of organics and metals; and
the pressure of the gas ‘bubble’ formed from the degradation of the wastes and retained by the low permeability
rock and sealed shaft.

In support of this conclusion, it is also noted that there is observational evidence from excavations elsewhere in Ontario
that the host rock formation is expected to be virtually dry. In particular, the cooling water intakes to the Darlington
nuclear station were excavated through the Cobourg Formation where it outcrops in eastern Ontario. After excavation,
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these tunnels were dry with no pooled water even though they were only 30-m below the bottom of Lake Ontario (NWMO
2011, p.121).
The postclosure safety assessment evaluated the impacts for each of the cases shown in Figure 8.3 and 8.4 above. In
all cases except for the shaft seal failure cases, the dose consequences were very low. In the case of the most severe
shaft seal failure scenario (SF-ED), the repository saturation peaked at about 75%. This was the highest overall dose
scenario, but the dose was due to the loss of gas from the repository up the shaft due to the poor seals, rather than due
to resaturation of the repository.
To bound uncertainty surrounding the impacts from repository resaturation, the NE-RS calculation case assumes a
100% saturated repository from closure (see Section 7.3.2.1 of QUINTESSA et al 2011). This case is not physical since
it does not include any path for this water to have entered the repository; nor does it include gas generation. Rather, this
case focuses on, and maximizes, the release of radionuclides from the wastes into groundwater. Although the early
resaturation of the repository increases the corrosion of the wastes, the release of radionuclides from the wastes and
repository via groundwater, and the calculated maximum dose, the dose remains orders of magnitude below the dose
criterion and so the safety of the repository system is not compromised.
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: T2GGM Version 2: Gas Generation and
Transport Code. Quintessa Ltd. and Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-33 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-120

 Section 4.1, Scope
of the Project

Information Request:
Provide a description of conceptual DGR extension plans that will be used to accommodate storage of additional L&ILW
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 Section 8.1,
General
Information and
Design Description

materials, or other permitted decommissioning wastes, beyond those volumes currently estimated for the DGR
operation.

 Section 14,
Cumulative Effects

Context:

The description should include both temporal and spatial extension plans to the current proposed DGR design.

In the EIS (Section 4.10.2. p. 4-71) it is noted that: “there may be a need to increase the number of emplacement rooms
…” and “The decommissioning waste from OPG-owned or operated reactors will, at some point in the future, be
relocated to a suitable long-term management site … DGR Hosting Agreement includes provision for decommissioning
waste to be placed in the DGR Project … in an extension of the DGR (approximately doubling the underground
capacity).”
In Fig. 10.4-2 (EIS, p. 10-21) the timeline shown indicates that decommissioning waste from the Bruce Nuclear site will
be placed into the DGR between 2054 and 2088, for an extended additional operational period approximating 35 years.
Inasmuch as current DGR operation is planned for completion by 2063, it may be anticipated that cumulative impacts
created by extension of DGR operations will result. At a minimum, it may be anticipated that: (a) in order to extend
panels within the DGR to permit construction of new rooms, the placement of planned shaft closure/sealing walls may
have to be postponed in order to extend drifts away from shaft sites, if rooms progress in similar directions to those
currently shown; (b) different ventilation strategies will be required to accommodate different excavation layouts; (c) room
and drift walls, left open for longer periods and not reinforced using planned monolith materials, may suffer more
extensive structural degradation during manned operations that may result in enlargement of excavation damage zones.
Additionally, the need to have workers operate within an underground facility of greater extent and that may suffer
extended degradation in physical character for longer intervals than initially planned may present additional occupational
hazards from ground falls and the like.
There are also implications to surface operations. There will be a requirement for more waste rock storage space. There
will also be an extension to the requirement for surface water management and treatment. The extensions to surface
operations may in turn trigger requirements for additional mitigation of environmental impacts, e.g., habitat loss.
The “extension of the DGR (approximately doubling the underground capacity)” may present detrimental impacts on
repository structural performance and worker safety. No consideration of these effects has been provided in the
cumulative effects assessment review section of the EIS, as in Table 10.7-1 (Summary of Likely Adverse Cumulative
Effects), EIS, p. 10-38.
OPG Response:
OPG notes, the second quote in the Context section is from Section 10 (page 10-18) of the EIS and is associated with
the cumulative effects assessment which considered decommissioning waste in the DGR based on the direction of the
EIS Guidelines (CEAA/CNSC 2009, Section 14).
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The EIS Guidelines (Section 8.4) require the proponent to consider potential modifications to the project. These are
identified and assessed in Section 4.10 of the EIS (OPG 2011) and include potential design changes and the possibility
of a limited number of additional emplacement rooms if current volume estimates and/or assumed packing efficiencies
not prove accurate. The assessment of potential modifications is documented in Section 4 of the EIS.
In accordance with good engineering and project management practices, the DGR Project Requirements (NWMO 2010)
identify two design limits related to uncertainty in the longer term as to the volume of waste that might require long-term
management, and uncertainty in how long the DGR might be required to be in operation. Section 5.1 of the Project
Requirements (NWMO 2010) requires that the design be capable of being in operation for a period of 100 years. Section
5.4 of the Project Requirements (NWMO 2010) requires that the repository layout be capable of being expanded to
handle twice the waste volume as currently envisioned. However, the current plan is for a repository capacity and
operating life as described in the documents submitted in support of OPG’s application for a site preparation and
construction licence.
In accordance with Section 5.1 of the Project Requirements (NWMO 2010), analysis of the stability of underground
openings and ground support requirements have been conducted for 100 years to demonstrate that worker safety
requirements can be met for this time duration.
In accordance with the Section 5.4 of the Project Requirements (NWMO 2010), the following have been identified:
a) it would be possible to construct two additional panels of waste emplacement rooms south west of the current
Panel 1 and Panel 2;
b) it would be possible to construct panel access and return air tunnels to provide the required access and
ventilation;
c) the limestone waste rock pile could be extended to the west of the proposed waste rock pile and vertically to
handle the newly-excavated rock;
d) location of closure walls have been assessed to ensure expansion potential; and
e) there is additional capacity in rail access emplacement rooms for non-forkliftable waste.
There are no temporal plans for such an extension. As mentioned above, the capability for expansion was included in
the Project Requirements and evaluated in accordance with good engineering and project management practice, not in
response to a specific need at a specific point in time. Should there be a need in future to significantly expand the
capacity of the DGR, this would need to be assessed and approved in accordance with the then-current regulatory
approval process.
OPG’s response to IR EIS-04-110 (OPG 2012) discusses cumulative effects considerations of an expansion of the
DGR’s capacity.
References:
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
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Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste Project
Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002. (CEAA Registry
Doc# 300).
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00126-REP-07701-00001 R000. (CEAA Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-04-121

 Section 2.5,
Precautionary
Approach
 Section 11.5.6,
Human Health

Information Request:
Explain the criteria used to determine whether to proceed with waste volume reduction, as well as the methods to be
used for this reduction.
Context:
In the EIS, Section 3.4.1, page 3- 21, it is stated that OPG and Bruce Power will also investigate and apply new waste
processing technologies and disposal approaches to reduce stored radioactive waste volume.
OPG Response:
For clarity, Section 3.4.1 of the Environmental Impact Statement (EIS) (OPG 2011) actually states “OPG and Bruce
Power also investigate and apply new waste processing technologies and disposal approaches to reduce stored
radioactive waste volume”. The key drivers for processing, including volume reduction, of radioactive waste are worker
and public safety, environmental impact and economics. The safety aspect is related to potential worker and/or public
dose impact in handling the wastes and/or operating the process, converting the waste into a more suitable waste form
for long-term storage and disposal (e.g., converting liquids into solids) or to meet a specific requirement of a waste
acceptance criteria. Environmental impact and the economic aspect are both related to volume reduction. A smaller
volume requires both smaller storage and disposal capacities. When the lifecycle (processing, storage, disposal) cost of
managing waste with volume reduction is less than the lifecycle cost of managing waste without volume reduction,
volume reduction is considered cost effective. Any new processing technology would need to be assessed from an
environmental impact point of view prior to implementation.
If a new processing method, or the need to replace existing processing equipment, is identified, OPG conducts an
assessment of the proposal as part of its normal business planning activities. Such an assessment includes a technical,
safety, environmental and economic evaluation of the proposal, including a clear definition of the need, advantages,
disadvantages, alternatives, maturity of the proposed technology, project risks and benefits, economic factors, licensing
implications, etc. If concluded to be viable, a business case would be prepared for OPG management approval. If the
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project is approved, implementation would involve seeking any required regulatory approvals.
OPG has been practicing various forms of waste volume reduction at its Western Waste Management Facility (WWMF),
including compaction and incineration since the 1970’s. This is a normal and on-going part of OPG’s licence to operate
the WWMF and is expected to continue during the operation of the DGR.
Section 3.4.1 of the EIS describes some other examples of additional methods that OPG has previously applied or
considered. Other methods that have been used previously and could be considered again in the future include the use
of external service providers, licensed for a given specialized service or capability that does not exist within OPG, such
as the treatment of radioactive solvents or metal melt at facilities in the US. Specific technologies are considered on a
case-by-case basis, as the need arises.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-04-122

 Section 12,
Accidents,
Malfunctions, and
Malevolent Acts

Information Request:
Will the integrity of the waste packages exceed the proposed operational phase of the DGR? If not, what is the
contingency plan to address compromised packages?
What would be the potential period during which the waste would be retrievable?
Context:
Section 12 of the EIS Guidelines says the proponent must describe specific malfunction and accident events that have a
reasonable probability of occurring during the life of the project, including an explanation of how these events were
identified for the purpose of this environmental assessment.
Packaging is not credited with any barrier function in the Postclosure Safety Assessment, since the packages are not
designed to provide any long-term isolation and containment of wastes.
EIS Section 4.8, page 4-56, states: “Materials placed in the DGR are considered waste and the need for retrieval is not
anticipated; however, retrieval can be achieved.”
OPG Response:
The response to this Information Request (IR) should be read in conjunction with the response to IR-EIS-04-152.
Table 4.5.1-3 of the Environmental Impact Statement (EIS) summarizes the waste acceptance criteria (WAC) for the
DGR. One of the items listed is “Condition of waste container”. This refers to the condition of the waste
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package/container at the time it is accepted for emplacement in the DGR. The stated WAC requirements are:





no significant rusting
sound structural integrity
no leakage
no wobbling or tilting.

As described in Section 7.5.1.2 of the Preliminary Safety Report (PSR) (OPG 2011a), each waste container will be
visually inspected prior to transfer to the DGR. Containers which do not meet all of the applicable WAC conditions,
including those stated above for condition of the waste container, will be remediated (e.g., by placing into an overpack)
prior to transfer and acceptance in the DGR.
Section 4.5.1 of the Environmental Impact Statement (OPG 2011b) states “The primary purpose of the waste container is
to act as a convenient vessel to safely hold the waste during handling, transportation, and storage. It provides a uniform
way to handle the waste and allows for stacking to improve storage efficiency. The container may also provide shielding
for higher activity waste.” The container is not intended to provide long-term containment and is fully expected to
degrade over time. This normal degradation of the container over time is not considered to be an “accident or
malfunction”. Accidental breach of a container is considered in the preclosure safety assessment as documented in
Section 7.5 of the PSR (OPG 2011a).
Although waste containers are not credited with any function in the postclosure safety assessment, they are expected to
maintain their integrity to the degree necessary to facilitate easy retrieval (if required) for a decade or more after
emplacement in the DGR. In some cases, the containers will provide effective containment for longer periods. This is
especially true for the containers used for the higher activity wastes, such as Intermediate Level Waste retube waste
containers, which are of robust stainless steel and concrete construction with a fifty-year design life.
The wastes are considered to be always retrievable, however, it is recognized that the ease of retrievability of waste
containers will diminish with time. For example, once the closure walls have been constructed in access tunnels to
isolate a set of filled emplacement rooms, these walls would require removal, or a bypass tunnel constructed around the
wall, prior to retrieving any emplaced waste in the isolated rooms. If waste containers would require retrieval at long time
periods after the start of emplacement, then over-packing might be required as part of this retrieval process for some
containers.
References:
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
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Malevolent Acts
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Information Request:
Is the shielding to be in place for ILW and LLW waste expected to provide any incidental barrier function?
Will the additional shielding used during waste transport be retained during emplacement in the proposed DGR?
Context:
In the Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository Report, Executive
Summary, on page 7, it is stated that no extra processing/packaging will be required with the exception of shielding of
most of the ILW and overpacking of a small portion of the LLW for waste retrieved from various storage structures at the
Western Waste Management Facility (WWMF) and transferred to the DGR for emplacement.
OPG Response:
In general, the design purpose of shielding is to reduce the gamma radiation field outside waste packages to minimize
radiation doses to workers during handling. Most Low Level Waste (LLW) packages do not require any additional
shielding to meet this objective. Some Intermediate Level Waste (ILW) packages (e.g., reactor refurbishment waste
containers) have substantial shielding built into their original designs. Other ILW packages will need to be provided with
an add-on shield to protect workers while these waste packages are transferred underground. This shielding will
sometimes be removed if safe to do so and re-used if practical, otherwise it will be retained on the waste after
emplacement. In the case of resin liners, the intent is to leave the shield on the waste package in the repository (see
Section 6.5.3.6 of the Preliminary Safety Report (PSR) (OPG 2011) for a discussion on handling of shielded resin liners).
Any additional material provided around the waste could provide an additional barrier function, besides radiation
shielding. Add-on shields are usually robust concrete or steel structures, and therefore could provide additional
mechanical protection of the containers. In some circumstances they could also provide an additional layer of material
that could delay the release of radionuclides (e.g., resin liner shields).
In the preclosure safety assessment, the complete waste package is considered, including presence of shields, with
respect to the likelihood and consequences of accidents (see Section 7.5.3.1 of the PSR).
In the postclosure safety assessment, the waste containers, including shields, are conservatively not credited for any
barrier function (see Section 8.6.2.1 of PSR). The materials (e.g., concrete and steel) represented by these shields are
included in the reference inventory, specifically in Tables 2.9 and 2.10 of the Reference Inventory Report (OPG 2010)
respectively for LLW and ILW.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-124

 Section 8.1,
General
Information and
Design

Information Request:
Explain the absence of waste containers as a possible remobilization barrier in the design of the proposed DGR.
Context:
In the EIS Guidelines Section 8.1, page 33, it is stated that information should be provided in the EIS on: “The design of
the waste containers/packages, their performance and longevity with respect to their containment function, including
reference to international experience if available and applicable.
Because of the uncertainty associated with very long-term predictions of repository performance, the use of an additional
barrier would be consistent with the application of the precautionary principle.
Waste containers have been utilized as barriers in other international waste repositories.
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011a, Sections 3.4.10, 4.5.1 and 4.8.2.1) provides information in
response to Section 8.1 of the EIS Guidelines (CEAA/CNSC 2009), specifically, information related to the purpose of
waste containers, their expected longevity and a comparison with international practice.
OPG’s response to Information Request (IR) EIS-04-152 (OPG 2012) provides additional information on the integrity of
waste containers, and OPG’s response to IR-EIS-04-122 (OPG 2012) provides information on the role of waste
containers and their potential for retrieval after emplacement.
The long-term performance of the repository does not depend on the containers providing a containment function in the
long term. That is, even with conservatively taking no credit for the containers, the postclosure safety assessment (OPG
2011b, Chapter 8) results indicate that public doses in the long-term are expected to be essentially zero.
OPG does not envisage a scenario where waste retrieval will be necessary, but wastes will be retrievable as described in
the response to IR-EIS-04-122.
References:
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
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OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-04-125

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use refined vertical discretization in the numerical hydrogeologic models to ensure explicit representation of thin
permeable units where horizontal advective solute transport may be significant based on the results of site
characterization, and provide the modelling results
Evaluate the influence of averaging the hydrogeologic parameters of two distinct lithologies on the modelling of the
vertical diffusive solute transport through the cap rock sequence (i.e are the consequences of using average parameters
conservative?). Explain how average hydrogeologic parameters for the Queenston and Georgian Bay/Blue Mtn.
formations were obtained (PSR, Table 4-4).
Context:
The coarse vertical resolution of hydrostratigraphic units 4A and 4B implemented in the numerical groundwater flow and
transport model does not ensure an accurate representation of horizontal advective mass flux in these units. The
averaging of hydraulic properties of thin permeable layers with those of adjacent low-permeability layers causes an
underestimation of horizontal porewater velocities and, therefore, of solute mass transport.
Hydrostratigraphic unit 5 encompasses the Upper Ordovician cap rock sequence. Porosity data for this interval shows a
bimodal distribution (Geology TSD Fig. 5.6.1-9), as may diffusion coefficient (Fig. 5.6.1-10) and permeability (Descriptive
Geosphere Fig. 4.16) if more data were available. The two sample populations reflect the presence of shale beds and
'hard beds' (limestone and/or siltstone) in the unit. For the modelling the hydraulic properties of the two populations are
averaged.
OPG Response:
A detailed description of the development of the regional and Bruce nuclear site conceptual hydrogeologic models,
including parameter assignment is provided by Sykes et al. (2011, Section 2) and INTERA (2011, Section 4.15). An
assessment of confidence in conceptual and numerical model realizations is provided in Sykes et al. (2011, Section 7)
and INTERA (2011, Section 4.16). Numerical simulations, including illustrative sensitivity, mass transport and
paleohydrogeologic scenarios at various scales are described in NWMO (2011, Sections 4 and 5), Sykes et al. (2011),
GEOFIRMA (2011) and GEOFIRMA and QUINTESSA (2011). A brief description outlining the application of numerical
groundwater models to assess, among other factors, model parameterization in terms of the understanding of
groundwater system evolution and Deep Geologic Repository (DGR) safety is provided below.
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The DGR Geosynthesis process necessitated that the numerical analyses of the groundwater system within the
sedimentary sequence be conducted at time and space scales commensurate with the data available and nature of the
geologic forcing. A specific focus for the analyses performed was to illustrate and test the understanding of groundwater
system properties and behaviour at time scales relevant to demonstrating DGR long-term safety. Four different
numerical models were used to assess the influence of hydrogeologic parameter and boundary condition uncertainty,
groundwater system hydrostratigraphy (geometry) and long-term perturbations (e.g., glaciation) on predicted response.
Further work focused on assessing site-specific analogues that examined the distribution of environmental tracers and
occurrence of anomalous over- and under-pressures within the host and confining bedrock formations. These analogues
provided insight in the adequacy of formation property up-scaling, the long-term preservation of formation properties and
governing mass transport processes. The combined results of the analyses provide a basis to illustrate overall
groundwater system evolution, stability and resilience to change that support an assessment of postclosure safety. A
description of the modelling approach and results is described by Sykes et al. (2011) and NWMO (2011,
Sections 4 and 5).
With specific reference to the derivation of rock mass hydraulic conductivities and effective diffusion coefficients (De) for
the Ordovician shales, numerical results yield formation properties that are consistent with, or potentially lower than
applied. A description of the derivation of the properties for the Ordovician shales and a comparison against
international sites is provided in NWMO (2011, Sections 7.2.2 and 7.3). Sykes et al. (2011, Section 7.2.8), examining
the occurrence of the observed under-pressures, noted from analyses that the vertical hydraulic conductivities in the
Ordovician sediments must be on the order of 10-14 m/s or lower for formation pressures to be preserved. Laboratory
estimates of De yield extremely low values when compared to international results, typically 10-12 m2/s or less. For
lithologic variation the approach of using arithmetic and harmonic means to estimate formation scale anisotropies was
employed; the Georgian Bay formation, for example, is described by NWMO (2011, Section 5.3.5). A further
assessment of how parameter uncertainty influences predicted DGR safety is provided by postclosure safety
assessment as described below.
For the postclosure safety assessment, site-scale numerical models were developed based on the Descriptive
Geosphere Site Model (DGSM) (INTERA 2011). These numerical models covered different vertical extents, depending
on the purpose of the model, but included explicit discretization of all relevant formations. In particular, those models
that extended through the Silurian sediments explicitly included the permeable Guelph and A1 Upper Carbonate
formations. See for example, the detailed permeabilities used in the Normal Evolution Reference Case (NE-RC) as
shown in Figure 4.1 of the Gas Modelling report (GEOFIRMA and QUINTESSA 2011), and the geological layering in
Figure 4.2 of the Groundwater Modelling report (GEOFIRMA 2011).
In many of the postclosure analyses, no horizontal gradients were included within the Guelph and A1 Upper Carbonate
formations, which maximized the potential impacts at the peak dose location directly above the repository. However, the
importance of horizontal gradients within these formations was specifically assessed in the Normal Evolution Horizontal
Gradient case (NE-HG). The impacts of this gradient on groundwater flow and solute transport are discussed in Section
5.4 of the Groundwater Modelling report (GEOFIRMA 2011). The implications on postclosure safety are summarized in
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Section 7.3.2.9 of the Postclosure Safety Assessment report (QUINTESSA et al. 2011).
These results confirm that the dose consequences remain low whether or not advective transport within the Guelph and
A1 Upper Carbonate formations are included, and that it is conservative to ignore this transport for estimating peak dose
consequences.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report to the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report to the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report to the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-126

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use revised hydraulic parameters to represent the Shadow Lake layer in the numerical hydrogeologic model in order to
reflect a continuous basal permeable unit across the model domain, and provide the results.
Context:
Hydrostratigraphic Unit 8, consisting of Cambrian sandstones and overlying Shadow Lake deposits, forms a permeable
basal unit that is continuous over the domain of the hydrogeologic model.
The permeability of the Shadow Lake Formation may be significantly enhanced beyond the erosional limit of the
Cambrian, where it un-conformably overlies the Precambrian on the flanks of the Algonquin Arch.
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OPG Response:
The numerical representation of the Shadow Lake Formation was based on the best available geologic and
hydrogeologic information. Beneath the Bruce nuclear site the Shadow Lake Formation is 5 m thick, approximately 17 m
above the Precambrian crystalline basement. The formation is a hydrostratigraphic unit across the entire regional
domain with an assigned horizontal hydraulic conductivity of 10-9 m/s.
While alternative simulations of increased hydraulic conductivity within the Shadow Lake Formation were not performed,
a sensitivity case was run in which the upper 20 m of the Precambrian surface beneath the entire regional domain was
assigned a hydraulic conductivity of 10-8 m/s (Sykes et al. 2011, Section 4.4.5). Given that the Cambrian sandstone
pinches out approximately 10 km or less east of the DGR site and that it is absent over the Algonquin Arch, the Shadow
Lake occurs directly on the Precambrian rock for most of the up-dip portion of the regional scale model domain. Results
for an increased horizontal hydraulic conductivity case for the Shadow Lake will not be materially different from the
Precambrian sensitivity case.
The results for the Precambrian sensitivity case indicate that Mean Life Expectancies did not materially change from the
Base Case simulation for a conservative, non-decaying, non-sorbed tracer released at the DGR horizon. Further, similar
comparison of estimated Péclet numbers indicated virtually no change to Base Case simulations, a reflection of the
insensitivity of the mass transport processes in the confining Ordovician sediments to the occurrence of an underlying
laterally extensive and more permeable bedrock formation.
It is worth noting that estimates of dose consequence arising from drinking the groundwater within the Cambrian directly
beneath the DGR were performed (QUINTESSA et al. 2011, Section 7.1.2). Although the groundwater within the
Cambrian is not potable (Total Dissolved Solids = 225 g/L), the estimated peak hypothetical dose is about 0.002 mSv/a
at 1.5 million years.
References:
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-04-127

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use revised boundary conditions in the regional hydrogeologic model to ensure that observed hydraulic gradients and
porewater velocities, both updip (Guelph, Cambrian) and downdip (Salina A1 Upper Carbonate), are reproduced, and
provide the modelling results.
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Context:
The lateral “no-flow” boundary conditions imposed on the regional hydrogeologic model preclude influx across the
western boundary and updip flow from the Michigan Basin in the high-permeability Niagaran and Cambrian Formations,
despite observations to the contrary at the Bruce site (DGR-TR-2011-24, Table 4.16, p.291). Horizontal advective mass
transport in these units cannot be considered negligible with respect to vertical diffusive transport in the intervening
Ordovician Formations.
OPG Response:
The sensitivity of predicted groundwater system behaviour, in particular, performance measures (i.e., groundwater
velocity, mean life expectancy (MLE), Péclet number) to assumed hydrogeologic lateral boundary conditions was
assessed by Sykes et al. (2011, Sections 4.4 and 7.2.2). The assessment included the sensitivity simulations that
explored groundwater system response to ‘open’ lateral boundary conditions under base case and paleohydrogeologic
scenarios (Sykes et al. 2011; simulation fr-base-hbc, Section 4.4.4; simulation fr-base-paleo-open-bnd, Section 5.6.10).
The assessment provides evidence that the assumed lateral boundary conditions do not materially influence the diffusion
dominant mass transport within the hosting and confining Ordovician bedrock formations.
With respect to the confined and saline Salina A1 Upper Carbonate, Guelph (Niagaran) and Cambrian aquifers that
bound the Ordovician sediments, precise numerical estimates of regional hydraulic gradients and advective flow rates
will be influenced by a number of factors. These include: i) regional bedrock hydrostratigraphy; ii) regional groundwater
salinity distributions; iii) regional aquifer and aquitard hydraulic conductivity distributions; and iv) paleo influences (e.g.,
the hydro-mechanical influence of glacial ice-sheet advance and retreat across the domain). As these regional data do
not exist, the manipulation of regional lateral boundary conditions alone will not yield non-unique or materially improved
results at the scale of the Bruce nuclear site. In this circumstance, several precautionary points are noteworthy with
regard to the occurrence, relevance and treatment of advective horizontal groundwater flow in the bounding confined
aquifers.
•

Park et al. (2009) show that for increasing total dissolved solids (TDS) concentrations with depth, there can be a
static brine region because the surface driving forces cannot lift the brine located at depth. Within this region the
groundwater is essentially stagnant. Over the entire Michigan Basin, the gravitational driving force imposed by
topography is minimal; the gradients attributed to the gravitational driving force are larger in the regional-scale
domain, as determined by the elevation difference between the Niagara Escarpment and Lake Huron, than they
are across the Michigan Basin (Lake Michigan and Lake Huron have the same elevation). From this
perspective, the results of the regional-scale model can be deemed to be conservative.

•

The Niagaran Group has been characterized sufficiently such that the sub- and outcrop portions of the units are
included in the regional-scale domain. While the Guelph (Niagaran Group) has been truncated to the south by
the selection of the regional-scale domain, the units of the group become deeper south of the regional domain
and potential paths in a southward direction to the biosphere are significantly longer than those estimated by the
551

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
analyses of this study.
•

The Cambrian sandstones and carbonates are absent over the Algonquin Arch while the unit thickens and
deepens both to the west and to the south; the Cambrian outcrop is north of the regional-scale domain. A MLE
of 44 Ma (million years) was predicted in the assessment of the lateral boundary condition (Sykes et al. 2011;
Section 4.4.4). The extension of the regional-scale domain to include the Cambrian outcrop would result in a
longer flow path and hence a longer MLE; the analysis presented in Section 4.4.4, which includes permeable
pathways to the biosphere at the domain boundary for both the Niagaran Group and the Cambrian, is thus
conservative.

•

The paleohydrogeologic analysis of Sykes et al. (2011, Section 5.6.10) investigated the role of open or freely
draining lateral boundaries for high conductivity units such as the A1 Carbonate, Niagaran Group, and the
Cambrian Formation. The approach applied a specified head boundary condition equal to the initial condition for
the entire 120,000 years for select lateral boundary nodes. The tracer distribution for the analysis is
undifferentiated from that of the base-case paleohydrogeologic simulation.

•

For the postclosure safety assessment, site-scale numerical models were developed based on the Descriptive
Geosphere Site Model (DGSM) (INTERA 2011). These numerical models covered different vertical extents,
depending on the purpose of the model, but included explicit discretization of all relevant formations. In
particular, those models that extended through the Silurian sediments explicitly included the confined Guelph
and Salina A1 Upper Carbonate aquifer. In many of the postclosure analyses, no horizontal gradients were
included within the Guelph and Salina A1 Upper Carbonate formations, which maximized the potential impacts at
the peak dose location directly above the repository. However the importance of horizontal gradients within
these formations was specifically assessed in the Normal Evolution Horizontal Gradient case (NE-HG). The
impacts of this gradient on groundwater flow and solute transport are discussed in Section 5.4 of the
Groundwater Modelling report (GEOFIRMA 2011). The implications on postclosure safety are summarized in
Section 7.3.2.9 of the Postclosure Safety Assessment report (QUINTESSA et al. 2011). These results confirm
that the dose consequences remain low whether or not advective transport within the Guelph and A1 Upper
Carbonate are included, and that it is conservative to ignore this transport for estimating peak dose
consequences.

The assessment approach above provides a reasoned basis to understand the limited role of the confined Salina A1
Upper Carbonate, Guelph and Cambrian aquifers on the long-term performance and safety of the proposed DGR. In this
circumstance, further refinement of the regional scale groundwater numerical model to improve predictions at the DGR
site scale is not considered of consequence to DGR long-term performance.
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30. Toronto, Canada. (available at
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www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
Park, Y-J., E.A. Sudicky and J.F. Sykes. 2009. Effects of shield brine on the safe disposal of waste in deep geologic
environments. Advances in Water Resources 32, 1352–1358.
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc #300)

EIS-04-128

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain and justify why the conceptual model of solute transport that is described in Sudicky and Frind (WRR, 18(6),
1634-1642, 1982), featuring horizontal advective-dispersive transport along high-conductivity layers with diffusive vertical
transport into adjacent low-conductivity “matrix” formations, was not used.
Context:
Given that significant horizontal advective-dominated transport of tracers is occurring in the permeable Salina Upper A1
Carbonate, Guelph and Cambrian units, as well as in the Devonian, the proponent’s purely 1D conceptualization of the
tracer transport problem is questionable. In particular, the model ignores lateral mass fluxes in the intermediate and deep
groundwater systems at the Bruce site.
OPG Response:
As part of Geosynthesis activities, the numerical code MIN3P was used to perform one-dimensional (vertical) numerical
simulations of mass transport within the near horizontally layered sedimentary sequence. In particular, the simulations
were performed to explore whether observed vertical distributions of 18O and Cl within Ordovician and lower Silurian
formation porewaters could be ascribed to diffusion processes occurring on geologic time scales (i.e., 300 million years).
The conceptual and numerical models, including a description of model justification, properties, boundary conditions,
porewater compositions and results, is documented in NWMO (2011; Sections 4.5.1, 4.5.2 and 4.5.3). The conceptual
model of mass transport described by Sudicky and Frind (1982), which includes advective-diffusive mass transport in
fractured porous media, was not used in this specific case because the analysis assumed that mass transport in the lowpermeability bedrock was entirely diffusion dominated. The numerical modelling was not intended to be unique, but
rather was intended to provide a reasoned illustrative test as to the potential role of diffusive processes governing solute
transport within the deep groundwater system. Similar illustrative modelling approaches have been described by
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Mazurek (2010) for diffusion dominated sedimentary systems elsewhere. The results of the MIN3P numerical analysis
support the hypothesis that solute transport in the Ordovician sediments is diffusion dominant.
The illustrative numerical modelling, coupled with additional evidence, including: i) the low formation rock mass hydraulic
conductivities estimated during in-situ borehole testing (NWMO 2011; Section 5.2.2); ii) assessment of observed
anomalous under-/over- pressure head conditions with regard to the interpretation of deep groundwater system
properties and stability (NWMO 2011; Section 5.5); iii) the low effective diffusion coefficients for the Ordovician shales
and carbonates (INTERA 2011; Section 4.4); and iv) interpretation of an evaporated seawater origin for Ordovician
sedimentary rock pore fluids (NWMO 2011; Section 4.3.3), provides strong evidence corroborating the results of the
reasoned assessment and the appropriateness of the modelling approach.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
Mazurek, M. 2010. Far-field process analysis and radionuclide transport modelling in geological repository systems. In:
J. Ahn & M.J. Apted geological repository systems for safe disposal of spent nuclear fuels and radioactive waste.
Woodhead Publishing Series in Energy 9, Woodhead Publishing Ltd., p.222-257.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sudicky, E.A. and E.O. Frind. 1982. Contaminant transport in fractured porous media: Analytical solutions for a system
of parallel fractures. Water Resour. Res., 18(3), 1634–1642.

EIS-04-129

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use a base of the 3D simplified hydrogeologic model lowered to the top of the Precambrian in order to assess lateral
advective radionuclide transport in the Cambrian unit, as was done for the Salina A1 Carbonate and Guelph units in the
NE-HG calculation case, and provide the results.
Context:
Placing the lower boundary of the 3DS model at the top of the Cambrian sandstone effectively precludes consideration of
horizontal advective transport of radionuclides within this unit.
OPG Response:
An assessment of lateral radionuclide and contaminant migration in the Cambrian unit was not performed due to the
depth and regionally confined nature of the aquifer and, because a postclosure analysis of a hypothetical conservative
scenario (described below) estimated the public dose consequence to be many times less than the DGR dose criterion
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of 0.3 mSv/a.
The Cambrian unit represents a confined aquifer within the deep groundwater system at the base of the sedimentary
sequence beneath the Bruce nuclear site. The aquifer is saline and non- potable with groundwater Total Dissolved Solid
concentrations of approximately 225 g/L. At a regional scale, the aquifer is not readily accessible: i) it is isolated by the
thick overlying system of Ordovician and Silurian aquitard/aquicludes; ii) the aquifer pinches out several kilometers east
of the Bruce nuclear site; and iii) the nearest Cambrian outcrop is more than 100 km from the DGR site. Multidisciplinary information gathered during site-specific investigations indicates that vertical transmissive connections
between the Cambrian and overlying confined Silurian aquifers (Guelph and Salina A1 upper carbonate) do not exist.
The evidence supporting the above information and isolated nature of the Cambrian aquifer is provided by NWMO (2011;
Sections 2.2, 2.3, 4.4, 5.2, 5.4, and 8).
To assess the dose consequence of radionuclide and contaminant migration from the DGR into the Cambrian aquifer, a
postclosure analysis was completed. The analysis considered the hypothetical situation of drinking the groundwater
within the Cambrian directly beneath the DGR (QUINTESSA et. al. 2011; Section 7.1.2). Although the groundwater
within the Cambrian is not potable or readily accessible, the estimated peak hypothetical dose is about 0.002 mSv/a at
1.5 million years. This estimate is approximately 100 times less than the DGR public dose criterion of 0.3 mSv/a.
Lateral advective or diffusive migration within the Cambrian aquifer would lead to lower predicted dose consequences.
Given the strength of evidence supporting the hydrogeologic isolation of the Cambrian unit and the above predicted
postclosure dose consequence, further assessment of lateral migration within the Cambrian is not considered necessary
as it does not materially change the DGR Safety Case.
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-130

 Section 8.1,
General
Information and
Design Description
 Section 11.2,
Mitigation
Measures

Information Request:
Provide additional information regarding the design and operation of the stormwater management system.
At a minimum, include the following:
 Minimum, maximum, and average flows through the stormwater system from all sources during the site
preparation/construction phase, the operating phase, and the post-closure phase:


stormwater
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repository de-watering (seepage)



process water from construction (see Section 4.7.4.3)



any other source

 Basic design parameters (e.g. flows, volumes, retention times, return periods). Hydrological modelling will be
required to support these estimates and to ensure appropriate sizing of the stormwater management system.
Consistent with advice that EChas provided to OPG for other projects, additional storage capacity should be built
into the design to account for the potential impacts (and associated uncertainty) of a changing climate on
extreme rainfall intensity over the lifetime of the Project (see proposed IR#1-21 for additional detail).
 Justification for the design storm event selected (i.e. 6 hour, 25 mm precipitation).
 Clarify whether seepage water from the repository will be pumped continuously or periodically.
 Clarify whether stormwater is intended to discharge continuously or through periodic batch release. If
continuous, explain how minimum retention times (described as 24 hours) will be achieved.
 Outline the specific water quality criteria that are intended to be met based on the list of parameters that are of
most likely concern (e.g. salinity, metals, TSS, explosives residues, etc.). Identification of the water quality
criteria will be essential for determining the adequacy of proposed stormwater management measures.
 Explain how the need for treatment will be monitored, and how treatment will be undertaken prior to discharge.
Will treatment be undertaken on a batch basis? If not, explain how the treatment system will be operated to meet
effluent criteria with a continuous flow?
 Provide details on how the stormwater management system will be operated during storm events and in
between storm events. For example, will the flow gate (identified in the last paragraph of Section 6.2.4.8 of the
Preliminary Safety Report) be manually closed during storm events? Is the flow gate the same thing as the weir?
 Provide design information for the intermediate settling pond (identified only in Drawing H333000-WP404-10042-0001) and explain its intended purpose.
 Explain what water treatment is being referred to in the 3rd paragraph of EIS Section 4.4.1.5. Is it the two
stormceptors and the intermediate settling pond? Will the stormceptors and the intermediate settling pond be
used for the duration of the DGR operation?
 How will the proponent or contractor determine when the temporary water treatment plant (EIS Section 4.7.5.4)
should be used to remove excess oil, grease and grit before discharge into the drainage network?
 Describe the maintenance program that will be used to ensure that stormwater pondsettling, retention capacity,
and drainage networks will continue to operate as designed. Considering the potential flooding risk posed by the
Probable Maximum Precipitation event (see Maximum Flooding Hazard Assessment document), and the fact
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that the culverts in the Unnamed Drainage Ditch (2nd paragraph, Section 6.3.4.3) are partially blocked with
sediment and aquatic plants, there does appear to be a need for a formal maintenance program during the site
preparation/construction and operating phase. Where storm water ponds are planned, sediment handling should
be taken into account, with respect to accumulation and frequency of removal, and considerations of disposal.
Such frequency can be reduced by oversizing sediment storage in the pond.
Context:
The overall design and operation is not well described. The information in the various EIS documents, and the response
to previous IRs, is sparse and scattered such that it is difficult to understand how this system will be designed and
operated. A separate stand-alone document should be provided.
Furthermore, strictly speaking this is not a stormwater management system in the conventional sense, since it will
receive contaminated water from the following sources:


seepage water from the repository



construction process water



runoff and seepage from waste rock

Additional information is required to understand what potential effects this system will have on downstream water quality
and aquatic biota.
OPG Response:
The response below is structured such that the twelve sections correspond to the twelve major bullets in the Information
Request. The design information presented in this response has been prepared in support of the environmental
assessment. The stormwater management system design will require Ontario Ministry of the Environmental (MOE)
approval through the Environmental Compliance Approval (ECA) process and thus may be modified should there be
additional requirements imposed by the MOE.
1. Minimum, Maximum and Average Flows
Estimates of average annual flows through the stormwater management system from all sources during DGR site
preparation/construction and operation were presented in slides 51 to 53 of the presentation to the JRP Technical
Information Session on July 18, 2012 (OPG 2012a). These are summarized in Table 1 below.
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Table 1: Average Annual Water Inflows to the Stormwater Management Pond in L/s
DGR Site Preparation/
Construction

DGR Operation

Infiltration from groundwater
(repository dewatering/seepage)

0.45

0.45

Process water

21*

1.5

Runoff from waste rock piles (stormwater)

1.4

0.77

Runoff from other areas (stormwater)

2.8

3.4

Total average annual inflow

26

6.1

Note: *It is expected that process water will be pumped from underground at a peak flow rate of
21 L/s. However for purposes of designing the SWMP it has been conservatively assumed that
process water flow is constant at 21 L/s.

The rate of stormwater runoff from other areas is expected to be greater during DGR operation as a result of the
restoration of land previously occupied by the temporary shale and dolostone stockpiles. A smaller proportion of the
DGR site will be covered by waste rock piles, and restored areas will have different runoff characteristics.
During both site preparation/construction and operation, the minimum flow rate into the stormwater management pond
(SWMP) would largely be dependent on the rate at which water is being pumped from underground and rainfall
conditions. It is likely that there will be occasions when no water is being pumped and there is no rainfall which, in turn,
would result in no flow to the SWMP.
The maximum flows into the pond would occur when water is pumped from underground at peak rates at the same time
as a rainfall event. Assuming a 100-year rainfall event, maximum flows into the pond would be on the order of 5,000 L/s
during site preparation/construction.
The stormwater management system will be decommissioned during general site restoration work at the end of the DGR
operation phase (OPG 2011a, Section 13.6.5), and will not be operational during the postclosure phase.
2. Basic Design Parameters
The SWMP is being designed in accordance with guidelines in MOE (2003). It will be a wet pond facility consisting of:



a permanent pool and extended detention storage for control of total suspended solids concentrations in effluent
discharges; and
an active storage volume for control of post-development peak discharges to pre-development values during 24hour storm events with return periods up to 100 years.
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Specific design criteria for the SWMP are to:





provide a minimum retention time of 24 hours for runoff from 25 mm of rainfall in 6 hours;
ensure that the average annual total suspended solids concentration in effluent discharge does not exceed
40 mg/L;
attenuate post-development peak outflow rates for 24-hour rainfall events with return periods ranging from 2 to
100 years to pre-development values; and
safely convey the peak outflow rate from the 24-hour, 100-year rainfall event.

The use of storm rainfall for Environment Canada’s (EC) meteorological station at Goderich (located 64 km south of the
DGR site) will result in the conservative design of the SWMP as the annual 24-hour maximum rainfall data for Goderich
are higher than the annual 24-hour maximum rainfall for the nearest active EC meteorological station to the DGR Project
(i.e., Kincardine located 18 km to the south). Comparison of 24-hour rainfall depths for return periods up to 100 years
recorded at Goderich and Kincardine indicates that rainfall depths are 13% to14% higher at Goderich.
If deemed necessary through future analysis of climate change data, the active storage volume in the pond will be
increased to accommodate potential impacts of climate change on extreme rainfall intensity over the life of the project.
There is sufficient space on the DGR project site for this potential expansion of the pond.
3. Stormwater Management Pond Design – Storm Events
The SWMP is being designed to retain runoff and control suspended solids concentration in effluent discharges. A
minimum retention time of 24 hours for runoff from the 6-hour, 25 mm rainfall event is one of several design criteria for
the SWMP. The SWMP is also being designed to satisfy water quality sizing criteria in MOE (2003). The pond is being
designed in accordance with guidelines in MOE (2003). It will be a wet pond facility consisting of:



a permanent pool and extended detention storage for control of total suspended solids concentrations in effluent
discharges that satisfy MOE volumetric water quality criteria; and
an active storage volume for control of post-development peak discharges to predevelopment values during 24hour storm events with return periods ranging from 2 to 100 years.

Retention of the 6-hour 25 mm rainfall event is specified as one of several measures to be considered in the evaluation
of stormwater control alternatives on existing industrial sites when conducting a Storm Water Control Study in
accordance with the requirements of Sector Effluent Monitoring and Effluent Limits Regulations under the Ontario
Environmental Protection Act (MOEE 1994). Rainfall depths of 12.5 to 25 mm are generally considered to represent the
“first flush”, runoff that occurs at the beginning of a storm event, which has higher contaminant concentrations.
MOE (2003) note the use of these rainfall depths as water quality design criteria. However, they propose an alternative
approach to the volumetric sizing of stormwater facilities for water quality control in Ontario, which is based on
continuous simulation modelling of end-of-pipe stormwater management practices that assesses the variation in pollutant
removal with stormwater management practice type and the impervious level of the tributary catchment. MOE
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developed volumetric criteria that reflect a long-term climatic record and consider the effect of storms in series, event
overflows and winter melt conditions, as well as the basic characteristics of different stormwater management practice
types.
4. Seepage Water Pumping
During construction, seepage water (i.e., primarily groundwater inflow into the shafts) and construction process water will
be collected in sumps underground then pumped to surface for discharge into the ditch leading to SWMP. It is likely that
water will be pumped continuously during underground construction (shaft sinking and lateral development) but the
pumping rate will vary depending on the types of construction activities being carried out.
During operations it is envisaged that the seepage water will be collected in the main sump and then periodically pumped
to surface for discharge into the ditch leading to SWMP (see response to Information Request LPSC-01-19) (OPG
2012b). The frequency at which water will be pumped to surface will be largely dependent on rate of groundwater inflow
to shafts (expected to be small) and the final size of the operations phase sump.
5. Stormwater Management Pond – Discharges
Runoff will be allowed to continuously discharge from the SWMP in response to storm runoff and underground
dewatering inputs. The objective of providing retention is to provide sufficient time for sediment in water inflows to the
pond to settle out.
The retention time in the SWMP will be achieved by:



satisfying or exceeding criteria provided in MOE (2003) for the volume, depth, length and length-width ratio of a
wet pond facility; and
designing the outlet structure to control the rate of discharge from the pond, thereby slowing the rate at which
water moves through the pond.

A minimum retention time of 24 hours will be achieved by designing the pond and its outlet structure such that the time
difference between the centroids of the inflow and outflow hydrographs (plots of the flow rate versus time) is greater than
or equal to 24 hours.
The provision of a permanent pool will also increase the effectiveness of the SWMP in controlling suspended solids
concentrations in effluent discharges. During storm events, the influent loading will be diluted in the permanent pool.
After storm events, suspended solids remaining in the permanent pool will have the inter-event times to settle out in the
pond. Inter-event times are additional to the retention times provided for in pond design.
6. Water Quality Criteria
Final water quality criteria for the effluent from the SWMP will be developed as part of the Ontario Environmental
Compliance Approval (ECA). The limits will be established taking into consideration the Provincial Water Quality
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Objectives, the acute toxicity thresholds for sensitive species that are present in the receiving environment, and the
existing water quality in the receiving water at MacPherson Bay. The regulatory process will not allow the release of
effluent from the SWMP that is acutely toxic to aquatic receptors.
The surface water quality assessment and associated geochemical testing performed for the environmental assessment
indicated several water quality parameters of potential concern in SWMP discharge. These include:







total dissolved solids (TDS);
chloride;
total suspended solids (TSS);
nitrogen compounds from blasting residues;
pH, temperature, conductivity; and
various metals (aluminum, boron, cobalt, thallium, vanadium).

The DGR Follow-up Monitoring Program (NWMO 2011, Tables 3a and 6) presents a set of targets for these parameters.
These targets, while not meant to be effluent criteria, have been used to guide the design the SWMP and develop
mitigation measures to avoid significant environmental effects.
Following submission of the EIS (OPG 2011b), water quality modelling has been performed as part of the design of the
SWMP and this modelling has identified salinity (as measured by TDS) and nitrogen compounds as the two water quality
issues that may require additional mitigation. Particular attention will be paid to salinity and nitrogen compounds when
developing water quality criteria.
7. Water Treatment
Water quality modelling done as part of the design of the SWMP has identified potential water quality issues related to
salinity from the groundwater entering the shafts, and nitrogen compounds from blasting residues. Release of nitrogen
compounds would cease once all blast residue is flushed from the waste rock pile, likely within a few years after the last
waste rock is placed on the pile.
Several options, largely related to source reduction or elimination, will be explored to ensure the concentrations of
salinity and nitrogen compounds are below acceptable levels in the SWMP discharge. To manage salinity, the Salina A1
and Guelph formations can be grouted to reduce or eliminate groundwater inflow from these formations. To manage
nitrogen compounds in SWMP discharge, use of emulsion will be maximized and best-blasting practices will be
implemented to minimize amount of blast residue left on the waste rock. In the remote event that source reduction or
elimination cannot reduce concentrations to below acceptable levels in the SWMP discharge, then a final mitigative
option of treatment would be implemented. The need for treatment would be identified through the results of a
monitoring program. The results of the monitoring will be coupled to criteria, established through relevant regulatory
processes described above, which will ensure there are no significant adverse effects to the environment.
Should treatment be required to remove salinity, the saline groundwater would be collected and treated prior to entering
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the SWMP. Saline groundwater could be collected at the bottom of the shafts and then be taken to ground surface
where it would be treated, by example, with an evaporator. Water could be released from the evaporator as either steam
or distilled water. If water, it would then be directed to the SWMP. Any run-off water from the waste rock pile that has
elevated nitrogen compound concentrations could be treated by, for example, aeration in the SWMP. If implemented,
treatment for aforementioned dissolved constituents would ensure effluent from the SWMP meets the discharge criteria.
8. Stormwater Management Pond – Operation
The stormwater management system has been designed to retain runoff during storm events, and control the suspended
solids concentrations in effluent discharges. In between storm events, the stormwater management system will be used
to control suspended solids concentrations primarily from underground sources. Treatment for suspended solids
concentrations will be achieved by the provision of retention and a permanent pool in the SWMP (see Item #5 above for
further details).
A valve/gate will be installed in the discharge pipe in the SWMP’s outlet structure as a contingency measure. The
valve/gate may be manually closed to stop water discharge from the pond in the unexpected event that contaminant
levels exceed ECA discharge criteria, or when discharge needs to be halted due to downstream issues (Section 6.2.4.8
of OPG 2011a; Sections 4.4.1.5, 4.7.5.4 and 7.3.2.2 of OPG 2011b; and Section 8.3.2 of GOLDER 2011). The SWMP
will normally be operated with the valve/gate in the open position, during storm events and in between storm events.
The valve/gate is not the same thing as the weir. The valve/gate will be installed in the discharge pipe in the pond’s
outlet structure; the discharge pipe will control discharges from the pond under low-intensity, high-frequency storm
events. The pond’s outlet structure will also include an overflow weir, designed to safely discharge runoff from highintensity, low-frequency storm events.
9. Intermediate Settling Pond – Design
The intermediate settling pond as depicted in Drawing No. H333000-WP404-10-042-0001(OPG 2011a, Chapter 17) is no
longer part of the DGR facility design. However, it is now envisaged that a temporary settling pond will be used during
construction and will likely be located to the north of the two shafts. The purpose of this temporary settling pond would
be to settle out any excess solids in water pumped from underground before discharge into the ditch system leading to
the SWMP. This pond would be decommissioned at the end of construction.
10. Clarification of Water Treatment Description in EIS Section 4.4.1.5
The reference to water treatment in the third paragraph of the EIS (OPG 2011b, Section 4.4.1.5) is related to the
intermediate settling pond and a water quality separator (e.g., stormceptor) in Drawing No. H333000-WP404-10-0420001.
As described above in Item #9, the current design now includes a temporary settling pond and a contractor-supplied
temporary water treatment plant which would be available to remove excess oil, grease and/or solids from underground
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water before discharge into the drainage ditch if necessary. This water treatment plant could also be used to remove oil
and/or grease found in water held in the temporary settling pond.
During operations, water that is pumped from underground will be directed through a water quality separator to remove
excess oil, grease and grit before discharge into to ditch system leading to SWMP.
11. Temporary Water Treatment Plant
The DGR EA Follow-up Monitoring Program (NWMO 2011, Table 4a) includes a weekly visual inspection of water in
drainage ditches leading to SWMP and in the SWMP for accumulation of sheen, discolouration on the surface, fuel
odour, visible films or any other deleterious substances. This weekly inspection will also occur in the aforementioned
temporary settling pond during construction. If the results of this weekly inspection show there is excessive amounts of
oil and grease being routinely released into the water, then steps will be taken to eliminate the source of this oil and
grease. If the source of oil and grease cannot be eliminated then treatment with the temporary water treatment plant will
be implemented. The frequency of this monitoring could be increased if oil and grease is shown to be an ongoing
concern. In the event that the Total Suspended Solids (TSS) concentration in the discharge water from the SWMP is
found above acceptable levels and the elevated TSS is due to excessive solids in water being pumped from
underground, then the temporary water treatment plant will be put into use.
12. Maintenance Program
The maintenance program will encompass the drainage network and the SWMP on the DGR site and the drainage
system downstream on Bruce Power lands. It will consist of the following:


Regular inspections of the stormwater management system. NWMO (2011) proposes weekly inspection during
site preparation and construction, and monthly inspection during operations. The system will also be inspected
after significant runoff events. Inspections will be conducted to:
o check for trash, debris and sediment buildup in the drainage network and pond;
o monitor the erosion of channels, embankments and the pond shoreline;
o check the level of the permanent pool in the pond;
o check for unwanted vegetation growth and algal blooms in the drainage ditches and pond;
o check for a sheen, frothiness and discoloration of the water in the pond; and
o confirm the health of plantings around the pond shoreline.
Corrective maintenance will be carried out should any significant issues, with respect to the proper function of
the stormwater management system, be identified during regular inspections.



Routine monitoring of the water quality, water level and sediment depth in the SWMP to ensure that the system
is operating as designed.



Regular maintenance of the sewerage system including:
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o
o
o

cleaning of catch basins, sewers lines and manholes;
inspection of sewer lines by visual or camera techniques; and
repair or replacement of damaged catchbasins, pipes and manholes.



Regular maintenance of the drainage ditches and culvert crossings including:
o removal of trash, debris and accumulated sediment;
o control of unwanted vegetation growth;
o replanting of grass lining in channels; and
o repairs to channels and culvert pipes and embankments.



Regular maintenance of the SWMP including:
o removal of floating trash and debris from the pond surface;
o drainage of the permanent pool and removal of accumulated sediment;
o handling of algal blooms in the pond should these occur;
o addition of makeup water to the permanent pool if the water surface falls below the normal water level;
o control of unwanted vegetation growth and replanting of desired vegetation around the pond perimeter;
o embankment and shoreline repairs;
o removal of trash, debris and plugged ice from the inlet and outlet works;
o repairs or replacement of pipe culverts, concrete structures; and
o lubrication and replacement of seals in the valve in the discharge pipe.

Sediment accumulation and clear-out frequency is being considered in the design of the SWMP. An allowance has been
made for sediment accumulation in the permanent pool; this volume is sufficiently large such that the clear-out frequency
will be annually, at a maximum.
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry Doc#
299)
MOE (Ontario Ministry of the Environment). 2003. Stormwater Management Planning and Design Manual. ISBN 07794-2969-9.
MOEE (Ontario Ministry of Environment and Energy). 1994. Protocol for Conducting a Storm Water Control Study.
August. ISBN 0-7778-1786-1.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)

EIS-04-131

 Section 10,
Existing
Environment
 Section 10.1.7,
Climate, Weather
Conditions and Air
Quality

Information Request:
Provide information regarding the use of Wiarton Airport meteorological observations to fill onsite meteorological
monitoring data gaps. The additional information should supplement the response to IR EIS 01-10.
In addition to air temperature, wind direction and speed, provide inclusion of the proportion of missing data for other
parameters, especially for precipitation.
Include a t-test that describes similarities and differences between the two stations. If precipitation data from the two
stations are not statistically similar, an additional analysis of the relationship between the precipitation data for the two
stations is required.
Context:
Data from the MSC station at the airport in Wiarton, Ontario were used to provide the additional meteorological
observations that were not available from the on-site station. For some meteorological parameters, such as 2-metre air
temperature and 10-metre winds, the replacements can be supportive since the monthly and seasonal normal values for
both sites are very similar (Appendix C of the Atmospheric Environment Technical Support Document). However, for
some other parameters, such as precipitation, the replacements are questionable since the spatial variation of
precipitation is usually much greater than temperature (even for nearby stations), which is reflected in the differences
between the monthly and seasonal precipitation normal values shown in Appendix C.
If a large proportion (e.g., ≥10%) of precipitation data at the on-site station is missing, the replacements from Wiarton are
questionable.
OPG Response:
The meteorological data sources used in the dispersion modelling are described in Section C2.2 to the Atmospheric
Environment Technical Support Document (TSD) (GOLDER 2011, pp. C-3 through C-5). The Meteorological Services of
Canada (MSC) weather station at the Wiarton Airport was selected for providing those parameters needed in the
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dispersion modelling that were not available from the on-site 50 m tower. The hourly parameters used from the Wiarton
station were cloud cover, cloud ceiling height, cloud opacity, surface pressure, station pressure, relative humidity and
precipitation. The on-site 50 m tower provided hourly readings of temperature at a 10 m height, and wind reading
measurements at the 10 and 50 m heights. When temperature or wind readings were not available for the on-site
station, data were substituted from Wiarton. The percentage of time when temperature and winds were substituted from
Wiarton is described in the responses to Information Requests EIS-01-10 and EIS-04-133. As described in GOLDER
(2011, Section C2.2, pp. C-3 to C-5), no on-site readings were available for hourly cloud cover, cloud ceiling height,
cloud opacity, surface pressure, station pressure, relative humidity and precipitation.
The Wiarton Airport represents the closest station where all of the required hourly meteorological data were available.
The Paisley climate station is closer to the DGR Project than Wiarton; however, this station only collects limited daily
precipitation data. The precipitation data presented in GOLDER (2011, Sections 5.3.3 and C5) comes from the Wiarton
Airport and the Paisley climate station (normals only).
In addition to the station at Wiarton Airport (approximately 90 km from the Bruce nuclear site) and climate normals
station at Paisley (approximately 26 km from the Bruce nuclear site), precipitation data are also available in differing
forms from stations in Goderich (64 km), Kincardine (18 km) and Southampton (24 km). As none of the last three
stations have a complete record of hourly data covering the period from 2005 to 2009, the data could not have been
used for the purposes of the Atmospheric Environment TSD. The following table compares the Wiarton precipitation
data for the period used in the dispersion meteorology (i.e., 2005 through 2009) to the long-term normals for both
Wiarton and Paisley, and the short-term data available from Goderich, Kincardine and Southampton. A review of the
table shows that all stations have a similar annual precipitation, with the exception of Goderich which is lower during the
2005 to 2006 period than the stations located more closely to the Bruce nuclear site. The observations from Wiarton
covering the period from 2005 to 2009 are consistent to both the climate normals for Wiarton and Paisley, as well as the
2005 and 2006 data from Kincardine and Southampton. Given the limited data available from Paisley, Goderich,
Kincardine and Southampton, it was not possible to complete more rigorous statistical analyses of the available
precipitation data sources.
Table 1: Comparison of Seasonal Precipitation
Parameter

Spring

Summer

Fall

Winter

Year

Wiarton 2005 to 2009 (mm)

217.8

205.7

301.6

345.3

1,070.3

Wiarton Precipitation Normals (mm)

216.8

230.8

310.9

282.8

1,041.3

Paisley Precipitation Normals (mm)

234.2

251.5

319.9

387.0

1,192.7

Goderich 2005 to 2006 (mm)

117.9

285.1

223.7

183.8

810.3

Kincardine 2005 to 2006 (mm)

154.7

279.8

335.9

264.8

1,035.2

Southampton 2005 to 2006 (mm)

158.4

293.6

376.4

293.3

1,121.6
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Although precipitation data used in the Atmospheric Environment TSD (GOLDER 2011) assessment was taken from the
available hourly data at Wiarton Airport, this data is not included as part of the dispersion meteorology used as an input
to the dispersion model. The most important parameters from a dispersion perspective are the hourly surface winds.
The primary source of hourly wind data used in the atmospheric dispersion modelling was data from the 10 m height of
the 50 m tower on-site. Data from the 10 m level on the 50 m tower was considered more appropriate for use in the
dispersion modelling because it was identified (see response to Information Request EIS-01-10) as showing the
influence of local topographic features and influences of lake-land interactions (e.g., lake breezes).
Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
EIS-04-132

 Section 10,
Existing
Environment
 Section 10.1.7,
Climate, Weather
Conditions and Air
Quality

Information Request:
Provide definitions and additional information regarding key atmospheric dispersion modelling parameters. This
information should include:
 Definitions of unstable, neutral, and stable atmospheric conditions used in the report;
 An explanation of how the mixing heights were obtained and calculated; and
 Identification of the data sources used to determine atmospheric stability and mixing heights.
Context:
The atmospheric stability and mixing heights are very important parameters in the dispersion modeling. The definition of
the key parameters is critical to their interpretation. In the report, the dispersion modelling results have been described
and illustrated; however, the relevant references and explanatory information are insufficient.
In sections C7 Atmospheric Stability and C8 Inversions and Mixing Heights (Atmospheric Environment Technical Support
Document) no sounding data sources were indicated for determination of stabilities and mixing heights. Data sources
were mentioned elsewhere in the report (e.g. upper-air sounding data from Buffalo, New York and Gaylord, Michigan
were described in C2.2 Meteorological Data Sources; while in section 5.3.1 Data Sources only upper-air data from
Gaylord were mentioned). However, it is not clear which sources may have been used to determine stabilities and mixing
heights.
OPG Response:
Section C2 on pages C-3 through C-5 of Appendix C to the Atmospheric Environment Technical Support Document
(TSD) (GOLDER 2011) describe the sources of meteorological data used as inputs to the AERMET preprocessor used
to generate the dispersion meteorological data set used in the air quality assessment of the DGR Project. The specific
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inputs include the following:







Hourly wind speed and wind directions were taken from the 10 m height on the 50 m on-site tower. When hourly
wind speed and wind directions were not available from the 10 m height on the 50 m on-site tower, data were
substituted from Wiarton Airport (see response to Information Request EIS-01-10). As shown in GOLDER
(2011) (Table C2.2-1), a total of 608 hours of wind speed and wind direction data from Wiarton were substituted
over the period from 2005 through 2009.
Hourly temperatures were taken from the 10 m height on the 50 m on-site tower. When hourly temperatures
were not available from the 10 m height on the 50 m on-site tower, data were substituted from Wiarton Airport.
As shown in GOLDER (2011) (Table C2.2-1), a total of 1,762 hours of temperature data from Wiarton were
substituted over the period from 2005 through 2009.
Hourly cloud cover, cloud ceiling height, cloud opacity, surface pressure, station pressure, relative humidity and
precipitation were taken from the Wiarton Airport station.
Upper-air sounding data were obtained from the National Weather Service (NWS) Gaylord, Michigan, upper-air
station.

The relative locations of the stations used to provide meteorological input data are shown on Figure C2.1-1 (GOLDER
2011, p. C-2).
Figure C2.2-2 (GOLDER 2011) shows a process flow diagram of how the meteorological inputs are used in the AERMET
preprocessor to produce the two dispersion meteorological files (i.e., surface and profile files) used with the AERMOD
dispersion model. The AERMET preprocessor uses the meteorological inputs provided (GOLDER 2011, Figure C2.2-2)
and outputs to the surface file, hourly values of sensible heat flux, surface friction, convective velocity scale, vertical
temperature gradient, convective mixing height, mechanical mixing height, Monin-Obukhov length, surface roughness
length, Bowen ratio, albedo, wind speed, wind direction, wind height, temperature, temperature height, relative humidity,
surface pressure, and fraction of cloud cover.
The AERMET preprocessor was used to produce the dispersion meteorological inputs required by the AERMOD model
(GOLDER 2011, Figure C2.2-2). AERMOD does not directly rely on the input of atmospheric stability class as was used
in earlier dispersion Gaussian models. However, AERMOD does require hourly values for Monin-Obukhov length, which
is a scaling factor used to describe surface layer turbulence. The hourly meteorological outputs from AERMET were
classified as being unstable if the Monin-Obukhov length was greater than five, stable if the Monin-Obukhov length was
less than negative five, and neutral for all other hours. The classification of hours into the neutral, stable and unstable
categories (GOLDER 2011, Figure C7-1) was done for reporting purposes only and was not used by the dispersion
model, which relied on direct inputs of Monin-Obukhov length only for describing turbulence.
The mixing height data shown in Section C8 of Appendix C (GOLDER 2011) come directly from the outputs of the
AERMET preprocessor. As described above and in Section C2.2 (GOLDER 2011), the AERMET preprocessor
combines hourly surface data from the on-site station (temperature, wind speed and wind direction), hourly surface data
from Wiarton Airport (cloud cover, cloud ceiling height, cloud opacity, surface pressure, station pressure, relative
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humidity and precipitation), and upper-air data from Gaylord, Michigan to produce a surface and profile meteorological
file used as inputs to AERMOD.
Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-04-133

 Section 10,
Existing
Environment

Information Request:

 Section 10.1.7,
Climate, Weather
Conditions and Air
Quality

Context:

Describe a proposed anemometer maintenance and quality control program.

There are two onsite meteorological stations at the Bruce nuclear site: one at 50 m height and the other at a 10 m height.
According to the AETSD, the data from 50 m is more reliable. Wind measurements from the 10 m height are appropriate
for the dispersion modelling for the Project. Considering the importance of the 10 m station, OPG should implement a
maintenance and quality control program to ensure the future quality of these wind measurements. New data might be
required in support of this environmental assessment or other studies.
OPG Response:
At the Bruce nuclear site there is one meteorological tower, which measures wind speed and direction at the 10 m and
the 50 m heights. The meteorological tower is located on lands leased to Bruce Power and is operated and maintained
by Bruce Power in accordance with their maintenance and quality control program. OPG obtained the meteorological
data from Bruce Power for use in dispersion modeling for the DGR Project. A second 10 m tower, located on the 4th
Concession to the east of the Bruce Power Visitor’s Centre, also measures wind speed and direction.
Bruce Power has an operational inspection program in place for the meteorological towers. Preventive maintenance
activities are also conducted by Bruce Power in accordance with the established maintenance program for the 10 m and
50 m meteorological towers. The established maintenance includes instructions that assist the maintainer in the
successful calibration and set up of the wind speed and wind direction monitors. Available records indicate that
inspections were completed monthly on the 10 m and 50 m towers during the period 2005 through 2009, the years for
which data were used for the DGR Project. Preventive maintenance includes annual replacement of the temperature
probe and wind monitor. Work orders are generated for any deficiencies noted during the inspections.
The primary source of hourly wind data used in the atmospheric dispersion modelling was data from the 10 m height of
the 50 m tower on-site. Page C-4 of Appendix C to the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011), indicates that data from the on-site 50 m tower (both the 10 and 50 m heights) were considered to be
more reliable than the 10 m tower located by the Bruce Power Visitor’s Centre. Of the data available from the 50 m onsite tower, data from the 10 m level on that tower was considered more appropriate for use in the dispersion modelling.
The reason the 10 m data from the 50 m tower was selected as being more appropriate for modelling was described fully
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in the response to Information Request EIS-01-10. Specifically, the data from the 10 m level on the 50 m tower was
identified as showing the influence of local topographic features and influences of lake-land interactions (e.g., lake
breezes). Because these local phenomena will influence emissions from low-level releases such as those present at the
DGR, the data from the 10 m level of the 50 m tower were considered to be most appropriate for generating the
dispersion meteorology.
When wind data were missing from the 10 m level, the preference would have been to have substituted data from the
50 m level. However, there were no instances during the period from 2005 through 2009 when data from the 50 m level
was available when the 10 m data was not available. Therefore, data from the Wiarton weather station was used when
data from the 50 m on-site tower was not available. The use of Wiarton data as a substitute for 10 m winds is supported
given the similarity in monthly normal values as highlighted in the context for Information Request EIS-04-131. A
summary of the hours when wind data from the 10 m level, on the 50 m on-site tower, were used, as well as the number
of hours when wind data from Wiarton were substituted was presented in Table C2.2-1 (GOLDER 2011, p.C-4).
A thorough quality assurance (QA) program was applied for the data collected at both the 10 and 50 m levels on the onsite 50 m tower. The meteorological data from the 10 and 50 m levels on the 50 m tower were rigorously reviewed by a
certified meteorologist prior to developing the dispersion modelling data set. This review is described more fully in the
response to Information Request EIS-01-10. Given the level of QA for the 10 m data on the 50 m tower, it is unlikely that
there would be much new data available if the quality control program used with the data collected on the 50 m on-site
tower were extended to the 10 m tower located by the Bruce Power Visitor’s Centre.
Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-04-134

 Section 11.4.7,
Atmosphere

Information Request:
Provide additional information regarding emissions from the ventilation exhaust system.
The following information is required:
 plans to monitor emissions from this source;
 mitigation measures to ensure that emissions do not exceed air quality standards or objectives under normal
operation; and
 details of the ventilation design that would prevent the capture of exhaust air by intake fans.
Context:
Emissions may occur from the repository ventilation system during the construction phase and operating phase of the
repository. Insufficient information has been provided to characterize these emissions.
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OPG Response:
Emissions
Emissions (conventional) during the site preparation and construction, and operations phases are provided in GOLDER
(2011, Tables 8.2.3-2 and 8.2.2-3). These tables include shaft/vent raise emissions.
The Preliminary Safety Report (OPG 2011, Table 7-10) provides information on maximum estimated airborne releases
(radionuclides) during normal operations of the DGR. There will be no radioactive waste present during the site
preparation and construction phase.
Air Monitoring
OPG’s response to Information Requests LPSC-01-23 and LPSC-01-24 (OPG 2012) provides information on monitoring
of underground air.
OPG’s submission to the Joint Review Panel included an EA Follow-up Monitoring Program (NWMO 2011) that provides
additional detail on monitoring programs. The monitoring program proposed, as described in the report, will be assessed
annually.
With respect to non-radiological emissions, Activities C-EMP-ATM2 through ATM4 in Table 4a (NWMO 2011) identify air
quality monitoring that would occur during underground construction. Monitoring proposed includes:




carbon monoxide (CO), nitrogen dioxide (NO2) and airflow at the intake at the main shaft and at underground
locations;
methane and hydrogen at underground locations; and
temperature and humidity at the intake at the main shaft and at underground locations.

Table 4b (NWMO 2011) includes Activities O-EMP-ATM2 through ATM4, which identify continuation of the air quality
monitoring during the operations phase:




CO, NO2 and airflow at the intake at the main shaft and at underground locations;
methane and hydrogen at underground locations; and
temperature and humidity at the intake at the main shaft and at underground locations.

All of the aforementioned air quality parameters will be monitored at a single location upstream of the main underground
exhaust fans. Temperature, CO and airflow will be monitored at backend of active emplacement rooms where ventilation
air exhausts into return air tunnels.
OPG, in its submission indicated that a Certificate of Approval (now called an Environmental Compliance Approval) is
expected to be required for the ventilation exhaust during the site preparation and construction, and operations phases of
the project. The Environmental Compliance Approval may indicate additional or alternate monitoring requirements.
Activity C-REG-ATM2 in Table 6 (NWMO 2011) identifies monitoring of vent exhaust air consistent with the requirements
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of the approval.
With respect to radiological emissions, monitoring is described in Tables 5a and 5b (NWMO 2011). Activity C-LIC-RAD1
indicates monitoring of radon during underground construction. Activity O-LIC-RAD1 describes air monitoring during the
operations phase including:



monitoring of underground air for radon, based on results of construction phase monitoring; and
monitoring of underground ventilation exhaust for tritium, particulate and carbon-14.

Mitigation
In-design mitigation measures, those that are integral to the design and implementation of the Project Works and
Activities, are described in Section 8.2.2 and Table 8.2.2-1 of the Atmospheric Environment TSD (GOLDER 2011). In
the event that air emissions are routinely approaching limits for air quality parameters, mitigation could include, as
appropriate:





replacing equipment with equipment that meets higher emission standards, for example replacing equipment
that meets Tier 2 standards with equipment that meets Tier 3 standards;
reducing the operating hours of equipment;
increasing air flow underground; and
stopping underground work and, once workers have left, stopping ventilation until the source of the problem has
been identified and addressed.

Air Recirculation
The underground air intake and exhaust design includes features to minimize air recirculation, as discussed in Section
6.3.8.1 of the Preliminary Safety Report (OPG 2011). These include:





the distance between the air intake and exhaust (note that these are much farther apart than the shafts
themselves);
the alignment of the intake and exhaust taking into consideration the wind directions (the dominant wind
direction in summer is approximately orthogonal to the intake and exhaust, and the dominant wind direction in
winter is from the intake towards the exhaust);
the intake and exhausts are directed away from each other; and
the presence of large intermediate structures, notably the main shaft head frame and the Waste Package
Receiving Building.

Preliminary air dispersion modelling of the site indicates that recirculation would be less than a few percent during
operations even with winds blowing from exhaust towards the intake. It is noted that the intake/exhaust spacing is
consistent with that in several large mines, where recirculation has not been reported to be an issue.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011. EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO DGRTR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report
00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
EIS-04-135

 Section 11.4.7,
Atmosphere

Information Request:
Discuss the potential implementation of a part-time or emergency exhaust ventilation filtration system that could be used
to capture dust and aerosol releases in the event of accident scenarios such as underground fires or explosions.
Context:
In the description of the ventilation system design, it is stated that no exhaust air filtration will exist due to the rationale
that radioactive gases existing in this airflow will not be captured by a filtration system. It is stated, however, that
condensate water from the exhaust airflow stream will be recovered in order to sequester and treat tritium contaminants.
Under exceptional circumstances, however, as would exist in the event of underground fires, explosions or other events,
aerosols and fugitive dusts may be liberated and transported by the airflow that could potentially contaminate the surface
environment if they were not filtered.
OPG Response:
The ventilation system design does not include exhaust air filtration primarily because filtration is not required in order to
meet criteria under normal operations and credible accidents. Also, the primary radionuclides in the air exhaust - tritium
and carbon-14 - will be present mostly in gaseous form and therefore are not captured by industrial high-efficiency
particulate filters.
1) Preliminary Design Basis
Under normal operating conditions, radioactive particulate releases are not expected at the DGR because: (1) there will
be no waste conditioning processes at the DGR; (2) all the waste packages arriving at the DGR will be closed with lids,
and (3) external loose contamination will be checked prior to acceptance at the DGR (Section 7.4.2.1 of the Preliminary
Safety Report (PSR), OPG 2011). The underground exhaust air is expected to contain diesel combustion products
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(gases and particulate), dust/particulate (non-radioactive), tritium (primarily as HTO vapor) and C-14 (primarily as CO2).
The levels of airborne tritium and C-14 will be within respective criteria, and no filtration will be required (OPG 2011,
Sections 7.4.2.3 and 7.4.3). The preclosure safety assessment has evaluated the consequences of a range of accidents
involving radioactive waste packages (OPG 2011, Section 7.5.1). These accidents include underground fires and breach
of packages. In all cases, the dose consequences from air released from the ventilation exhaust would be within criteria
at the relevant receptor points (i.e., within public dose criteria at the nearest Bruce nuclear site fence line) (OPG 2011,
Section 7.5.4). Consequently, exhaust filtration is not required to meet dose criteria in the event of accidents. This is in
part because of the following factors:




the wastes are solid materials and not easily dispersed as particulate in air,
the higher activity wastes are in more robust packages (e.g., intermediate level resin wastes are in steel
containers within concrete overpack),
the containers are not moved quickly, nor in large numbers in any shipments.

Conventional (diesel engine) emissions are controlled by specifying the engines to meet Tier 2 emission standards and
through normal maintenance (GOLDER 2011, Table 8.2.2-1).
2) Potential Implementation of Exhaust Air Filtration
The design already incorporates features to minimize air releases through making accidents unlikely, as noted in Section
7.5.6 of the PSR (OPG 2011). It also includes features to control releases to the environment in the event of an
accident, including:




underground airflow through repository is at low air speeds (< 4 m/s), and typically the air would need to travel
through more than 1 km of drift and shaft before exhausting, so there is opportunity for radioactive particulates to
settle out before discharge to the environment;
ventilation through specific emplacement rooms can be turned off by room-end ventilation louvers; and
ventilation to affected underground areas can be turned off once workers have been confirmed to be in safe
locations.

Calculations were performed to assess the implication on public safety if a High-Efficiency Particulate Air (HEPA) filter
system were installed at the DGR ventilation shaft exhaust for use during accidents. A HEPA filter system can remove a
significant fraction of the particulates in the air (minimum 99.97% of all particles greater than 0.3 micrometre, DOE 2005).
Two underground accident scenarios were selected from Table 7-40 of the PSR (OPG 2011): in-room unshielded waste
package fire, and cage fall with container.
The methodology for the analyses is described in Section 7.5.3 of the PSR (OPG 2011). Assuming a HEPA filter is
employed, the release of particulates from the ventilation shaft was reduced by 99.97%. Note that H-3, C-14 (100% in
fire scenarios and 75% in non-fire scenarios), mercury and selenium are potentially present as volatile species, and are
assumed not to be removed by filtration.
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The result for these calculation cases with and without the filter system is given in Table 1. As discussed above, the
public impacts without the HEPA filter system are within criteria under postulated accident conditions. The result shows
that the HEPA filter system would have little practical effect on the already small public radiological dose. Table 1 also
shows that the non-radiological species released from the waste packages are largely removed by the HEPA filter
system, as they (except mercury and selenium) are in particulate form. These concentrations are calculated at the
nearest Bruce nuclear site fenceline, based on one-hour exposure.
It may be noted that practical HEPA filter systems would handle a fraction of the normal ventilation flow rate, e.g.,
30 m3/s rather than 100 m3/s. Reducing the air flow rates during an accident to 30 m3/s would not change the public
impacts listed in Table 1, but would increase the contaminant air concentrations within the repository and therefore
increase the risk to workers.
Table 1: Comparison of Impacts of Underground Accidents with and without HEPA Filters
Radionuclide Species
Maximum Ratio of Dose to
Criteria* - Public
Scenario

Waste type

0.003

99.97% of
Particulates
Removed by
HEPA Filter
0.003

0.002

0.002

0.5

0.003

0.016

0.016

0.2

0.001

0.019

0.018

0.02

<0.001

<0.001
<0.001

<0.001
<0.001

0.02
<0.001

<0.001
<0.001

<0.001

<0.001

0.02

<0.001

<0.001

<0.001

0.008

<0.001

<0.001

<0.001

<0.001

<0.001

0.018

<0.001

<0.001

<0.001

Without
HEPA Filter *
In Room
Unshielded
Waste
Package
Fire

Cage Fall

Box Compacted
Non-Processible
Boxed
Non-Processible
Drummed
Moderator Resin
(Unshielded)
Bottom Ash
Box Compacted
Non-Processible
Boxed
Non-Processible
Drummed
Moderator Resin
(Unshielded)
Moderator Resin
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Non-Radiological Species
Maximum Ratio of
Concentration to Criteria** Public
99.97% of
Without
Particulates
HEPA Filter * Removed by
HEPA Filter
0.07
0.003
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(Shielded)
Retube- End Fittings

0.004

<0.001

<0.001

<0.001

* The public dose is given in Table 7-40 of PSR (OPG 2011). The public dose criterion for accidents is 1 mSv.
** Non-radiological criteria are given in Table 7-4 of PSR (OPG 2011). They are US PAC-1 guidelines for short term
public exposure.

References:
DOE. 2005. Specification for HEPA Filters Used by DOE Contractors. Department of Energy (DOE) Technical
Standard DOE-STD-3020-2005. Washington, USA. (available at
http://www.hss.doe.gov/nuclearsafety/techstds/docs/standard/doe-std-3020-2005.pdf)
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-04-136

 Section 11.4.7,
Atmosphere

Information Request:
a) Incorporate air emissions generated from blasting into modelled emissions for various stages of the construction
phase.
b) Clarify whether explosives other than ANFO will be used for blasting, and, if so, under which circumstances. Provide
emission estimates that include both the quantity and type of explosive.
Context:
Environment Canada has suggested that the USEPA’s AP42, Fifth Edition, Volume I document provides emission factors
according to the type of explosives and their uses.
OPG Response:
a)

Air emissions from blasting dust and non-combustive explosives are included in the modelled emissions for the
relevant stages of site preparation and construction for the DGR Project as described below.
GOLDER (2011, Table F4-2, on pp. F-20 through F-26 of Appendix F) lists the assumptions used to calculate the
emissions during the site preparation and construction phase. Within this table (i.e., middle of page F-23), the
assumptions used when calculating both the particulate and gaseous emissions are described, and show that
emissions were calculated using the AP-42 emissions factors as suggested by the Environment Canada. Blasting
is listed as part of the “Excavation and Construction of Underground Facilities” Project Works and Activities.
Table B-1, on page B-1 of Appendix B in the Atmospheric Environment Technical Support Document (TSD)
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(GOLDER 2011) describes the Project Works and Activities category within which the listed activities are planned.
However, it does not refer to the stage or stages during the site preparation and construction phase in which the
listed activities will occur. These Project Works and Activities are used throughout the EIS and TSDs for grouping
and describing the effects of the DGR Project. Table 8.2.3-1 of the Atmospheric Environment TSD (GOLDER
2011) shows that the “Excavation of Shafts” works and activities occur during both Stage 1 and Stage 2 of the site
preparation and construction phase, while the “Construction of Emplacement Rooms” occurs during Stage 3.
Therefore, blasting emissions could be expected to occur during Stages 1, 2 and 3 and were included in the
emissions modelled for the bounding stage, Stage 1.
b)

There will be explosives other than ANFO used in the development of the DGR. Emulsion blends and packaged
products will be used in the shafts and it is expected that emulsion blends will also be used in lateral development.
The types and quantities of explosives will not be determined until the development contractor(s) are identified.
However, information was provided to the Joint Review Panel (see response to undertaking TIS 3 in OPG letter
dated August 15, 2012 [OPG 2012]) that showed a typical shaft round and emplacement room round using both
ANFO and emulsion products. With respect to emission estimates, the assumptions used in the environmental
assessment were conservative and emissions would be expected to be lower with the use of emulsion blends and
packaged products.

References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. Letter from A. Sweetnam to S. Swanson, Deep Geologic Repository Project for Low and Intermediate
Level Waste – Responses to Undertakings from Technical Information Session #1, CD#: 00216-CORR-00531-00132,
August 15, 2012. (CEAA Registry Doc# 692)
EIS-04-137

 Section 11.2,
Mitigation
Measures

Information Request:
Provide the mitigation plans and Best Management Practices that will be implemented to minimize effects to air quality.
Mitigation plans should include site specific design elements, operating practices, specific technologies, products and
equipment that will be applied to prevent or control emissions. These plans should also identify any measuring,
monitoring and record keeping that will take place over the course of the Project.
The Air Quality in-design mitigation shown in Table 7.7.2-1 should include more details and specific information on:
 Objectives to be achieved through air quality mitigation measures;
 Listing of methods to be applied and the conditions that trigger mitigation measures; and
 Record keeping to demonstrate adoption of actions.
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Explain how a 75% reduction of particulate matter will be achieved by watering unpaved areas during construction.
Context:
During site preparation and construction, potential air quality effects have been identified. Various measures can be
implemented to reduce dust and particulate emissions/formation from site preparation/construction activities, including
those from machinery/vehicles.
Environment Canada has recommended that the Best Management Practices outlined in the following document be
implemented as a component of these mitigation plans:


“Best Practices for the Reduction of Air Emissions from Construction and Demolition Activities” prepared for
Environment Canada by Cheminfo Services (March 2005).

OPG Response:
The DGR Project site is enclosed within the Bruce nuclear site, an industrial operation. The nearest off-site receptor is
located approximately 2 km from the edge of the Project boundary.
The primary sources that may contribute to effects to air quality (fugitive dust emissions) during the site preparation and
construction phase include:








vehicle movement on roads (road dust);
material (rock) handling;
material (rock) storage;
clearing and grubbing;
drilling and blasting activity;
cement batch plant; and
vehicle exhaust.

OPG’s objectives to be achieved through air quality mitigation measures are:




minimize nuisance effects at air quality receptor locations;
minimize effects to sensitive non-human biota; and
no visible dust plume.

Site activities will be planned and organized to minimize dust emissions. Best management practices which can be used
to address fugitive emissions and contribute to meeting these objectives include physical controls, procedural controls
and reactive controls. Administrative controls will be in place at all times; hence, no trigger is provided. Physical controls
are also considered to be normal operating practice. A trigger is provided for reactive measures which would be put in
place as needed.
The Best management practices will be finalized after detailed construction design is complete but may include the
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practices listed in Table 1.
Table 1: Proposed Mitigation Measures for Dust and Particulate Emissions during Site Preparation
and Construction Phase
Source

Physical Controls

Administrative
Controls

Reactive Controls
Control

Vehicle
movement on
untreated
roads (road
dust)

Establish and enforce
speed limits for truck
and personnel traffic

Trigger

Maintain trucks/vehicles clean
Use large volume trucks to reduce
number of hauls
Roads will be watered daily except
during frozen conditions
Improve road surfaces (addition of
large size material or paving where
practical)
Road watering and sweeping

Increase frequency
of road watering
Use chemical dust
suppressants on
frequently used,
unpaved roads

Complaints
received
Results of air
monitoring show
consistently higher
than average
results

Material (rock)
handling

–

Minimize drop heights
Use larger trucks to reduce number
of hauls
Rock coming from underground will
have water content (approximately
5% to 7%)

Limit material
transfer during high
wind conditions,
where practical

Observed dust
emissions at higher
rate or more
frequently

Material (rock)
storage

–

Establish berms and plant trees
surrounding waste rock
management area as vegetative
wind break
Configure storage pile to minimize
wind erosion
Overburden, dolostone and shale
containing fine material, if stored
on-site for more than one year, will
be covered with soil and vegetated

Selective watering
of waste rock pile,
as required

Complaints
received
Results of air
monitoring
approach limits
Observed dust
emissions at higher
rate or more
frequently

Clear the site in phases
Improve surface as soon as
possible after clearing

Stop clearing and
grubbing if resulting
in significant dust
emissions

Observed dust
emissions at higher
rate or more
frequently

Water spray for near surface

Increased water

Observed dust

Clearing and
grubbing

Drilling for

Prohibit burning of
cleared material

–

579

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
shaft
excavation

excavation

spray

emissions at higher
rate or more
frequently
Complaints
received

Blasting for
shaft
excavation

–

Where practical blast areas will be
tamped to reduce dust

Reduce charge size

Cement batch
plant

–

The cement batch plant will be
constructed for the DGR Project
and will include dust management
technologies

–

–

Vehicles will be maintained in good
running condition including
maintaining engines, exhaust
systems, catalytic converters

–

–

Vehicle
exhaust

Vehicles on-site will
meet minimum Tier 2
standards
Idle time will be
minimized
Require use of low
sulphur diesel

Table 4c (NWMO 2011) provides a checklist of activities that will be included in monitoring and recorded. An
Environmental Management Program will be in place for the design and construction phase of the DGR Project. This
program will include procedures documenting required inspections, frequency of inspections, and processes for
recording results of inspections.
Table 3a (NWMO 2011) outlines the atmospheric monitoring program that will be conducted during site preparation and
construction. PM10 and PM2.5 will be monitored continuously during the first year of construction, with continuation of the
program being re-evaluated at that time. Daily inspections for dust emissions will be completed at shafts and access
roads within the Waste Rock Management Area. An annual EA Follow-up Monitoring Report will be prepared and will
include the results of the atmospheric monitoring program.
Nuisance complaints due to fugitive source emissions will be recorded along with the corrective/preventive action taken
and the response.
NWMO and OPG are certified to ISO 14001 Environmental Management System. This registration, which requires that
programs are in place to prevent pollution and an annual internal environmental management system audit and external
registration/maintenance audit, will provide assurance that programs are implemented for the monitoring and reporting of
dust emissions from the site preparation and construction phase of the DGR Project.
Assessment of Fugitive Dust from Unpaved Roadways
As part of the environmental assessment, unpaved roadway segments were assessed based on the type of roadway and
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traffic data. Chapter 13.2.1 of the AP-42 Emission Factor (U.S. EPA 1995) emission estimation equations was used for
fugitive road dust from paved and unpaved roads. These emission estimates are conservative and will significantly
overestimate emissions from facility roadways for the following reasons:


The U.S. EPA AP-42 equations were developed from measured emissions from public roadways and as a result
will tend to over-estimate low speed vehicle traffic from construction sites.



All roadways are modelled assuming simultaneous and continuous use; this situation cannot occur in reality as
the same trucks drive over multiple road segments sequentially.



The assumed silt loading used to calculate emission rates are based on the typical expected from a construction
site (see response to Information Request EIS-04-148) (Section 13.2.2 of AP-42 [U.S. EPA 1995]). As the best
management practices outlined above are revised through continuous improvements, the emissions from the onsite roadways are likely to decrease.

The AERMOD dispersion model was used to predict emissions from the site preparation and construction phase,
including emissions from on-site construction roads. The parameters that were required for modelling include the
locations of the roadway segments, base elevations, effective heights of the emissions, and the initial plume size in the
lateral and vertical directions. It is recognized that this modelling approach will result in higher predicted concentrations
close to the roadways than actual values for the following reasons:


The layout of the Facility is such that many roads are located in areas where there are large structures
(buildings, equipment and other physical obstructions such as waste rock piles) located between the roads and
the property line. These structures physically block the transport of dust off-site. There has been extensive
research on the estimation of the “transportable fraction” of fugitive dust, based on different urban settings.
Recent research by the U.S. EPA (U.S. EPA 2005) provides ranges of “capture fraction” (i.e., percentage of dust
captured by structures and consequently not transported off-site) for various land use types. For an urban
setting, with structures ranging from 5 to 50 m in height, the estimated range of capture fraction is 25% to 75%.



The model has not been run to account for deposition. AERMOD has the capability to account for various
mechanisms including wet and dry deposition, and chemical transformation of substances that would reduce
ground level concentrations at points of interest. However, the deposition and chemical transformation
algorithms were not implemented in this assessment. There has been extensive research on the estimation of
the “transportable fraction” of fugitive dust from roadways. A study done by the Desert Research Institute in
Nevada showed a large (i.e., greater than 90%) decrease in dust concentration within 100 m of an unpaved road
(Watson and Chow 2000). A value of 75% reduction has been suggested beyond 50 m for unpaved roadway
emissions. This value would increase at greater distances.



When the roads are wet or snow-covered, the emissions will be reduced or eliminated. AERMOD has the
capacity to have a variable emission rate that could account for actual meteorological conditions; however, the
work to set up such a variable emission rate would be significant. Review of historical normals for the Wiarton
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meteorological station found that on average there are 183 days with measurable precipitation (greater than
0.2 mm) and 115 days with greater than 1 cm of snow on the ground. Therefore, roads can be considered wet
or snow covered for a significant portion of the year.
Despite the limitations of the emission rate estimates and dispersion modelling they are the best estimates available.
The above noted biases and emission estimates are cumulative, that is to say they would work together to reduce
emissions and the reductions should be multiplied to estimate a total reduction. To account for the above biases in both
the emission estimates and the model itself, a conservative correction factor to reduce the emissions by 75% was
incorporated into the emission rates; in reality the natural reduction would be higher.
In addition, the best management practices outlined above will further reduce emissions; specifically watering will be
used on dry days to decrease emissions from roads.
References:
Environmental Protection Agency (U.S. EPA). 1995. Compilation of Air Pollutant Emission Factors. Volume 1:
Stationary Point and Area Sources. Document AP-42 (and updates). U.S. EPA, Office of Air Quality Planning and
Standards. Research Triangle Park, North Carolina.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
U.S. EPA. 2005. Methodology to Estimate the Transportable Fraction (TF) of Fugitive Dust Emissions for Regional and
Urban Scale Air Quality Analyses. (8/3/2005 Revision).
Watson, J.G. and J.C. Chow. 2000. Reconciling Urban Fugitive Dust Emissions Inventory and Ambient Source
Contributions Estimates: Summary of Current Knowledge and Needed Research. Desert Research Institute. Reno,
Nevada.

EIS-04-138

 Section 11.4.7,
Atmosphere

Information Request:
Provide the rationale for not including other relevant substances such as VOCs (benzene, formaldehyde, acetaldehyde,
acrolein, acetone, 1, 3-butadiene) and PAHs as air quality indicators for assessment of the Project.
Maximum ground level concentrations for the above substances must be predicted for at least the bounding stage
(identified as Stage 1) and, where applicable, be compared with ambient air quality criteria (which should also include
comparisons to the 24 hour criteria).
Context:
VOCs and PAHs are particularly relevant to the assessment of the site preparation and construction phase, considering
the length of that phase (5-7 years), and that this is the bounding case when emissions are highest from mobile sources,
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blasting and other construction activities.
Note: EIS 01-09 requested baseline information on acrolein.
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011) focused on the components that have the greatest relevance in
terms of value and sensitivity, and which are likely to be affected by the project. In keeping with the EIS Guidelines, the
following list of indicators considered to be of greatest relevance with respect to assessing the effects of the project on
air quality were identified (Table 4.2.1 1, on page 31 of the Atmospheric Environment Technical Support Document
[TSD]):













1-hour NO2;
24-hour NO2;
Annual NO2;
1-hour SO2;
24-hour SO2;
Annual SO2;
1-hour CO;
8-hour CO;
24-hour SPM;
Annual SPM;
24-hour PM10; and
24-hour PM2.5.

The rationale for selection of each of these indicators is provided in Section 4.2.1, on pages 30 to 33 of the Atmospheric
Environment TSD (GOLDER 2011), and can be summarized as follows:


Indicator compounds were selected where applicable ambient air quality criteria that have been developed within
this country for assessing cumulative air quality were available. Those criteria must be regularly applied for
assessing the types of sources associated with the activities of all phases of the DGR Project (e.g., criteria would
be excluded if they are not regularly applied for assessing construction sources).



Indicator compounds were selected if there was a reasonable expectation that the project would result in readily
measurable amounts of a compound.

As described at the top of page 32 in the Atmospheric Environment TSD, only non-radiological compounds were
considered in the Atmospheric Environment TSD. Radiological releases through all media, including air, have been
assessed in the Radiation and Radioactivity TSD. In addition, compounds that will not be emitted from the DGR Project
were not used as indicators, even if they are relevant with respect to the ongoing operations at the Bruce nuclear site.
Finally, the Atmospheric Environment TSD does identify that there are a number of other compounds that may be
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emitted in trace or small amounts from the activities associated with the DGR Project that are important from their
perspective of affecting human or ecological health. Because of the low levels of emission of these compounds, they
were not considered particularly useful as air quality indicators. The one exception is sulphur dioxide (SO2) that is
emitted from the DGR Project in small amounts, even during the site preparation and construction phase (see the
response to Information Request (IR) EIS-04-140). This was retained as an indicator compound given the general
perception of its relevance, as confirmed by IR-EIS-04-140.
However, air emissions of all compounds, even those emitted in small quantities from the DGR Project and not selected
as air indicators, were considered important as inputs to the human health assessment and predicted maximum
concentrations of the following compounds were included in Appendix J to the Atmospheric Environment TSD:


carbon monoxide (CO);



nitrogen dioxide (NO2);



sulphur dioxide (SO2);



fine particulates (i.e., PM10 and PM2.5);





volatile organic compounds including:
o acetaldehyde;
o acetone;
o acrolein;
o benzene;
o ethylbenzene;
o formaldehyde;
o toluene; and
o xylenes.
carcinogenic polycyclic aromatic hydrocarbons (PAHs);



non-carcinogenic PAHs;



naphthalene;



selected metals, including:
o aluminum;
o cadmium;
o chromium;
o lead; and
o zinc.

Table 1 contrasts the Stage 1 of the site preparation and construction phase emissions of the indicator compounds to the
other compounds for which concentrations were predicted, but were not selected to use as indicators when assigning
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significance for residual adverse effects with respect to air quality.
The dispersion models have been run to predict the maximum off-site concentrations for those compounds that are
potentially emitted from the Project Works and Activities, but were not selected as indicator compounds for assessing
whether the DGR Project will cause a significant adverse effect to air quality. It should be noted that the Atmospheric
Environment TSD did include predicted concentrations at the six human health receptors for these “non-indicator” air
compounds (see the attachment to Appendix J of the Atmospheric Environment TSD). The following three tables
(Tables 2, 3 and 4) present the maximum modelled concentrations for the existing conditions, the site preparation and
construction phase, and the operations phase, respectively.
For context, Table 5 (below) has been provided listing the available Ontario Ambient Air Quality Criteria (AAQC) values
(MOE 2008) for those compounds that are potentially emitted from the Project Works and Activities, but were not
selected as indicator compounds.

Table 1: Stage 1 Site Preparation and Construction Phase Emission Inventory

Type of Emission and Compound

Indicator
Compounds

VOCs

Site
Preparation
and
Construction
of Surface
Facilities

Daily Emissions (kg/d)
Excavation
Site Support
Workers,
and
Services
Payroll and
Construction
Purchasing
of
Underground
Facilities

Total (for
Stage 1 of Site
Preparation
and
Construction)

NOX

105.451

117.050

0.000

20.975

243.476

SO2

0.208

0.233

0.000

0.047

0.488

CO

66.842

79.896

0.000

21.828

168.566

SPM

148.733

56.260

0.000

2.268

207.261

PM10

31.267

17.001

0.000

1.005

49.273

PM2.5

18.996

12.556

0.000

0.749

32.301

acetaldehyde

2.875

3.191

0.000

0.678

6.744

acetone

1.513

1.680

0.000

0.357

3.550

acrolein

0.234

0.260

0.000

0.055

0.549

benzene

0.188

0.209

0.000

0.044

0.442

ethylbenzene

0.032

0.036

0.000

0.008

0.076
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PAHs

Metals

formaldehyde

1.534

1.703

0.000

0.362

3.598

Toluene

0.274

0.304

0.000

0.065

0.642

Xylenes
carcinogenic
PAHs
non-carcinogenic
PAHs
Naphthalene

0.217

0.241

0.000

0.051

0.510

0.000

0.000

0.000

0.000

0.000

0.002

0.003

0.000

0.000

0.005

0.001

0.001

0.000

0.000

0.002

Aluminum

0.001

0.001

0.000

0.000

0.002

Cadmium

0.001

0.001

0.000

0.000

0.002

Chromium

0.001

0.001

0.000

0.000

0.002

Lead

0.001

0.001

0.000

0.000

0.002

Zinc

0.001

0.001

0.000

0.000

0.002

NOTE: The emissions presented in the above table represent the emissions from Stage 1 of the site preparation and
construction phase only. The above numbers do not include the emissions from existing sources at the Bruce nuclear site.

Table 2: Maximum Non-Indicator Concentrations – Existing Conditions
Type of Emission and Compound

VOCs

PAHs

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

27.539

4.097

0.382

acetone

14.494

2.157

0.201

acrolein

2.240

0.333

0.031

benzene

1.805

0.269

0.025

ethylbenzene

0.310

0.046

0.004

formaldehyde

14.692

2.186

0.204

Toluene

2.622

0.390

0.036

Xylenes

2.082

0.310

0.029

carcinogenic PAHs

0.000

0.000

0.000
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Metals

non-carcinogenic PAHs

0.011

0.002

0.000

Naphthalene

0.005

0.001

0.000

Aluminum

0.017

0.002

0.000

Cadmium

0.013

0.002

0.000

Chromium

0.002

0.000

0.000

Lead

0.002

0.000

0.000

Zinc

0.015

0.002

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site only.
Background concentrations have not been added to the modelled values.

Table 3: Maximum Non-Indicator Concentrations – Site Preparation and Construction Phase
Type of Emission and Compound

VOCs

PAHs

Metals

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

76.124

9.638

0.652

acetone

40.065

5.073

0.343

acrolein

6.192

0.784

0.053

benzene

4.990

0.632

0.043

ethylbenzene

0.856

0.108

0.007

formaldehyde

40.612

5.142

0.348

Toluene

7.248

0.918

0.062

Xylenes

5.755

0.729

0.049

carcinogenic PAHs

0.001

0.000

0.000

non-carcinogenic PAHs

0.051

0.006

0.000

Naphthalene

0.025

0.003

0.000

Aluminum

0.076

0.009

0.000

Cadmium

0.057

0.007

0.000
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Chromium

0.010

0.001

0.000

Lead

0.010

0.001

0.000

Zinc

0.067

0.008

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site and the
emissions from Stage 1 of the site preparation and construction phase. Background concentrations have not been added to
the modelled values.

Table 4: Maximum Non-Indicator Concentrations – Operations Phase
Type of Emission and Compound

VOCs

PAHs

Metals

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

30.030

4.194

0.400

acetone

15.805

2.207

0.211

acrolein

2.443

0.341

0.033

benzene

1.968

0.275

0.026

ethylbenzene

0.338

0.047

0.004

formaldehyde

16.021

2.237

0.213

Toluene

2.859

0.399

0.038

Xylenes

2.270

0.317

0.030

carcinogenic PAHs

0.000

0.000

0.000

non-carcinogenic PAHs

0.011

0.002

0.000

Naphthalene

0.005

0.001

0.000

Aluminum

0.017

0.002

0.000

Cadmium

0.013

0.002

0.000

Chromium

0.002

0.000

0.000

Lead

0.002

0.000

0.000

Zinc

0.015

0.002

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site and
the emissions from the operations phase. Background concentrations have not been added to the modelled values.
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Table 5: Ontario Ambient Air Quality Criteria (AAQC) for Non-Indicator Compounds
Type of Emission and Compound

VOCs

PAHs

Metals

Available Ontario Ambient Air Quality Criteria (AAQC)
Values (µg/m³)
1-hour
24-hour
Annual

acetaldehyde

—

500

—

acetone

—

11,880

—

acrolein

—

0.4

—

benzene

—

2.3

0.45

ethylbenzene

—

1,000

—

formaldehyde

—

65

—

Toluene

—

2,000

—

Xylenes

—

730

—

carcinogenic PAHs

—

—

—

non-carcinogenic PAHs

—

—

—

Naphthalene

—

22.5

—

Aluminum

—

—

—

Cadmium

—

0.025

0.005

Chromium

—

0.5

—

Lead

—

0.5

—

Zinc

—

120

—

References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
Ministry of the Environment (MOE). 2008. Ontario's Ambient Air Quality Criteria. Standards Development Branch. PIBS
#6570e.
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Information Request:
Provide detailed sample calculations for the NOx daily emission rate (243.5 kg/d) that was used as input to the dispersion
model for the Stage 1 bounding case.
Provide and support all assumptions made and references used to calculate the emission rate for each component (e.g.
shafts 31.91 kg/d, vehicles 5.25 kg/d and site equipment 206.31 kg/d). Use sample calculations similar to those provided
in Appendix F.
Context:
The sample calculations that have been provided in Appendix F are mainly for mobile sources for particulate matter.
These do not adequately outline the calculation of all emissions that contribute to the 243.5 kg/d emission rate (cited in
Table 8.2.3-1 of the AETSD). It is important to show how the NOx emissions were calculated and combined as a total,
since this is the input for the dispersion model.
OPG Response:
Table 8.2.3-1 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, p.109) provides a
summary of the site preparation and construction phase emissions used in the dispersion modelling. A listing of all
assumptions and equations used to calculate the emissions during Stage 1 of the site preparation and construction
phase was provided in Table F4-2 (GOLDER 2011, pp. F-20 through F-26). The way in which these emissions were
used in the dispersion model was described in Table F.4.4.1-1 (point sources), Table F.4.4.1-2 (volume sources), and
Table F.4.4.1-3 (area sources) (GOLDER 2011).
The emissions in Table F4-2 (GOLDER 2011, p. F-20) groups the activities contributing to the emissions into the
following four broad categories:





site preparation and construction of surface facilities;
excavation and construction of underground facilities;
site support activities; and
workers, payroll and purchasing.

Table 1 below provides a summary of the modeled emissions for Stage 1 of the site preparation and construction phase,
grouped by the above categories.
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Table 1: Stage 1 Site Preparation and Construction Phase Emissions
Daily Emissions (kg/d)
Emissions Category from Table F4-2
NOX

SO2

CO

SPM

PM10

PM2.5

105.5

0.2

66.8

148.7

31.3

19.0

117.0

0.2

79.9

56.3

17.0

12.6

Site Support Services

0.0

0.0

0.0

0.0

0.0

0.0

Workers, Payroll and Purchasing

21.0

0.0

21.8

2.3

1.0

0.7

Total (corresponds with Table 8.2.3-1)

243.5

0.5

168.6

207.3

49.3

32.3

Site Preparation and Construction of Surface
Facilities
Excavation and Construction of Underground
Facilities

The following example calculation illustrates the assumptions presented in Table F4-2 (GOLDER 2011, p. F-20). The
calculations have been completed for the first activity listed in Table F4-2 (GOLDER 2011), specifically, the emissions
associated with the “Articulated Trucks (Cat 730) Storm Water – Exhaust”.
The starting point for the calculations is the data presented in Table F4-2 (GOLDER 2011), the relevant excerpt from
which is replicated below.
Table F4-2: Site Preparation and Construction Phase Air Quality Emissions Assumptions
Equipment/
Process

Capacity

Capacity
Unit

Base
Quantity

Base
Quanity
Units

Hours of
Operation

Emission
Factor /
Calculation
Source

1

U.S. EPA
Emissions
Standards
(Tier 2)

Site Preparation and Construction of Surface Facilities
Articulated
Trucks (Cat
730) Storm
WaterExhaust

475

hp per
vehicle
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The following equation was used to calculate the exhaust emissions:
ER

Std

Hp

Hrs

LF

N

where:
ER

= emission rate;

Std

= the appropriate emission factor (see Table 2 below);

Hp

= rated vehicle horsepower;

Hrs

= the gross operating hours daily;

LF

= engine load factor (the U.S. EPA [2010] recommends 59% as the upper load factor for combustion
ignition engine equipment); and

N

= number of vehicles.

The U.S. EPA Tier 2 standards were identified in Table F4-2 (GOLDER 2011), and represent the emission standards
used in calculating the emissions for non-road vehicles. These standards match the standards that apply in Canada
(Government of Canada 2004), which has harmonized its non-road diesel emission standards to match those adopted in
the United States, with some differences with respect to the phase-in periods of when vehicles need to comply with the
standards (Dieselnet 2012). Vehicles manufactured and sold in the United States after 2001 were required to meet the
Tier 2 standards, while Canada required compliance by 2006. By 2008, Canada required non-road vehicles to meet the
more stringent Tier 3 standards where applicable. The most stringent Tier 4 standards are being phased in on a
comparable schedule between 2008 and 2015 in both Canada and the United States. The Tier 2 standards, which are
listed in Table 2, were felt to be a conservative estimate of the emissions standards that would be met by all equipment
used during the site preparation and construction phase.
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Table 2: Tier 2 Standards
Tier 2 Standard (g/hp-hr)
Rating, hp

NMHC+NOX

NOX (a)

CO

PM

<11

5.60

4.90

6.00

0.60

11-25

5.60

4.90

4.90

0.60

25-50

5.60

4.90

4.10

0.45

50-75

5.60

4.90

3.70

0.30

75-100

5.60

4.90

3.70

0.30

100-175

4.90

4.29

3.70

0.22

175-300

4.90

4.29

2.60

0.15

300-600

4.80

4.20

2.60

0.15

600-750

4.80

4.20

2.60

0.15

NOTE: (a) The emission factor for NOX was calculated as 87.5% of the combined
NMHC+NOX standard.

The NOX emissions for the “Articulated Trucks (Cat 730) Storm Water – Exhaust” are as follows;
ER=4.20

g
hr
1 kg
kg
× 475 Hp × 1 × 0.6 × 2 vehicles ×
= 2.394
Hp × hr
d
1000 g
d

It should be noted that the above source was included erroneously in two separate areas; therefore, the dispersion
modelling includes twice the emissions from this source as part of the predictions.
To further provide details related to the emissions used in the dispersion modelling for Stage 1 of the site preparation
and construction phase, the following four tables (Tables 3 to 6) list the emissions by individual source for each of the
broad emissions categories.
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Table 3: Emissions from Site Preparation and Construction of Surface Facilities
Daily Emissions (kg/d)
Site Preparation and Construction of Surface Facilities
NOX

SO2

CO

SPM

PM10

PM2.5

4.79

0.01

2.96

0.17

0.17

0.17

Articulated Trucks (Cat 730) Storm Water - Paved Road Dust

—

—

—

0.01

0.00

0.00

Articulated Trucks (Cat 730) Storm Water - Unpaved Road
Dust

—

—

—

0.52

0.15

0.01

Bulldozer (Cat D9T WH) Road Construction - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Road Construction - Fugitive

—

—

—

14.38

2.71

1.51

Bulldozer (Cat D9T WH) Storm Water - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Storm Water - Fugitive

—

—

—

14.38

2.71

1.51

Compactors (Cat CS-683) Road Construction - Exhaust

3.56

0.01

3.07

0.18

0.18

0.18

Excavator (Cat 340D) Storm Water - Exhaust

8.06

0.02

4.99

0.29

0.29

0.29

Excavator (Cat 340D) Storm Water - Fugitive

—

—

—

14.38

2.71

1.51

Pavers (Cat BG-240C) Road Construction - Exhaust

3.15

0.01

2.72

0.16

0.16

0.16

Bulldozer (Cat D9T WH) Land Clearance - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Land Clearance - Fugitive

—

—

—

14.38

2.71

1.51

Excavator (Cat 340D) Land Clearance - Exhaust

8.06

0.02

4.99

0.29

0.29

0.29

Excavator (Cat 340D) Land Clearance - Fugitive

—

—

—

14.38

2.71

1.51

Feller Buncher (Cat 522) Land Clearance - Exhaust

5.84

0.01

3.54

0.20

0.20

0.20

Front End Loader (Cat 988H) - Exhaust

30.30

0.06

18.76

1.08

1.08

1.08

Front End Loader (Cat 988H) - Fugitive

—

—

—

43.14

8.13

4.53

Motor Grader (CAT 140) - Exhaust

12.10

0.02

7.49

0.43

0.43

0.43

Motor Grader (CAT 140) - Fugitive

—

—

—

28.76

5.42

3.02

Articulated Trucks (Cat 730) Storm Water - Exhaust (a)
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Articulated Trucks (Cat 730) Land Clearance - Exhaust (a)
Articulated Trucks (Cat 730) Land Clearance - Paved Road
Dust
Articulated Trucks (Cat 730) Land Clearance - Unpaved Road
Dust
TOTAL

4.79

0.01

2.96

0.17

0.17

0.17

—

—

—

0.01

0.00

0.00

—

—

—

0.52

0.15

0.01

105.45

0.21

66.84

148.73

31.27

19.00

NOTE: (a) These emissions sources were included as part of two separate areas in the dispersion modelling. Therefore the
emissions are double the values that would be calculated using the assumptions and equations referenced in Table F4-2 of
Appendix F to the Atmospheric Environment TSD.

Table 4: Emissions from Excavation and Construction of Underground Facilities
Excavation and Construction of Underground Facilities
Articulated Trucks (Cat 730) Re-used Material Transfer Exhaust
Articulated Trucks (Cat 730) Re-used Material Transfer Unpaved Road Dust
Batch Plant
Blast - Dust

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

38.304

0.076

23.712

1.368

1.368

1.368

—

—

—

11.122

3.178

0.318

—

—

—

11.367

4.475

4.475

—

—

—

0.049

0.026

0.001

Blast - Non Combustive Explosives
Bulldozer (Cat D9T WH) Waste Rock Pile Construction Exhaust
Explosives carrier/loader - Exhaust

0.022

0.003

0.092

—

—

—

16.531

0.033

10.234

0.590

0.590

0.590

0.434

0.001

0.328

0.027

0.027

0.027

Front End Loader (Cat 988H) Waste Rock Pile - Exhaust

20.200

0.040

12.505

0.721

0.721

0.721

—

—

—

—

—

—

Jumbo Atlas Copco Boomer E3 C - Exhaust
Jumbo Atlas Copco Boomer E3 C - Drilling
Loader (Cat 988H) - batch plant - exhaust
Loader (CAT R1600G - 227-4704) - (Underground
Construction) - Exhaust
Mine Trucks (CAT AD30-246-0789) (Underground
Construction) - Exhaust
Mobile Bolting Unit (Underground Construction) - Exhaust
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—

—

—

0.000

0.000

0.000

10.100

0.020

6.252

0.361

0.361

0.361

—

—

—

—

—

—

—

—

—

—

—

—

3.469

0.007

2.620

0.212

0.212

0.212
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Mobile Work Stage (Underground Construction) - Exhaust

—

—

—

—

—

—

0.000

0.000

0.000

0.000

0.000

0.000

—

—

—

0.000

0.000

0.000

—

—

—

—

—

—

Shotcrete Transmixer - Exhaust

13.994

0.027

12.077

0.718

0.718

0.718

Sprayer - Exhaust

13.994

0.027

12.077

0.718

0.718

0.718

Motor Grader (CAT 140) - Exhaust

(a)

Motor Grader (CAT 140) - Fugitive (dust emissions)

(a)

Personnel Carrier (Underground Construction) - Exhaust

Waste Rock Pile - Front End Loader, Bulldozer - Fugitive
TOTAL

—

—

—

29.006

4.606

3.046

117.05

0.23

79.90

56.26

17.00

12.56

NOTE: (a) These emissions sources appeared erroneously in two separate categories in Table F4-2 of Appendix F to the
Atmospheric Environment TSD.

Table 5: Normal Daily Emissions from Site Support Services
Site Support Services
Diesel Generator (3,500 kW) Back up - Construction - Exhaust
TOTAL

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

—

—

—

—

—

—

0.00

0.00

0.00

0.00

0.00

0.00

NOTE: (a) The backup diesel generator would not be used during normal construction activities, but would only be relied on
during an accident or malfunction.

Table 6: Emissions from Workers, Payroll and Purchasing
Workers, Payroll and Purchasing
Heavy Vehicles - DGR Construction (Main Gate) Paved Road Dust
Heavy Vehicles - DGR Construction (Main Gate)
Exhaust
Vehicles - DGR Construction and Support Workers
(Main Gate) Exhaust
Vehicles - DGR Construction and Support Workers
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Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

—

—

—

0.051

0.008

0.000

20.513

0.041

12.698

0.733

0.733

0.733

0.462

0.006

9.129

0.023

0.023

0.010

—

—

—

1.461

0.241

0.006
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(Main Gate) Road Dust
TOTAL

20.98

0.05

21.83

2.27

1.00

0.75

References:
Dieselnet. 2012. Dieselnet website describing the Canadian emission limits for non-road diesel vehicles
(http://www.dieselnet.com/standards/ca/nonroad.php), accessed on July 28, 2012.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Government of Canada. 2004. The “Off-Road Compression-Ignition Engine Emission Regulations”, published in the
Canadian Gazette Volume 138, Number 19.
United States Environmental Protection Agency (U.S. EPA). 2010. Median Life, Annual Activity, and Load Factor
Values for Nonroad Engine Emissions Modeling. Report No. NR-005d.
EIS-04-140

 Section 11.4.7,
Atmosphere

Information Request:
Clarify the sulphur content used for fuel and the rationale for SO2 concentrations remaining unchanged during the
construction phase as compared to baseline.
Context:
The sulphur content in fuel is a basic parameter that determines SO2 emissions from vehicles/equipment, which is the
basis for SO2 emissions arising from the project. Activities during construction would be expected to increase SO2 levels.
OPG Response:
The existing daily emissions from activities at the Bruce nuclear site are listed in Table 5.4.2-1 of the Atmospheric
Environment Technical Support Document (TSD) (GOLDER 2011). The table shows that existing SO2 emissions from
Bruce Power are 5,921.84 kg/d, while the existing SO2 emissions from the Western Waste Management Facility
(WWMF) are 1.73 kg/d. The majority of the emissions from Bruce Power are associated with the three steam boilers,
with a smaller amount associated with the standby generators. The detailed emissions and characteristics of these
existing SO2 emission sources can be found in Table F4.4.1-1, on pages F-41 and F-42 in Appendix F to the
Atmospheric Environment TSD (GOLDER 2011).
Table 8.2.3-1 of the Atmospheric Environment TSD (GOLDER 2011) shows that the SO2 emissions during site
preparation and construction phase of the DGR Project are estimated to range between 0.3 and 0.6 kg/d. The
combustion of diesel fuel in the vehicles and equipment was the source of SO2 emissions from the DGR Project during
the site preparation and construction phase, with the emissions calculated using a fuel sulphur content of 15 ppm on a
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weight basis (0.0015%). A fuel sulphur content of 15 ppm (on a weight basis) is the current maximum allowable sulphur
content allowed in diesel fuel in Canada (Environment Canada 2012).
The existing sources at the Bruce nuclear site emit far more SO2 emissions than the activities associated with site
preparation and construction phase of the DGR Project. Specifically, the site preparation and construction phase of the
DGR Project would represent an increase in SO2 emissions at the Bruce nuclear site of between 0.005% and 0.010%.
Given the small change in emissions, there was no noticeable change in the predicted maximum SO2 concentrations
(GOLDER 2011, Table 8.2.3-6) resulting from the site preparation and construction of the DGR Project.
References:
Environment Canada. 2012. Environment Canada website describing the allowable limits on fuel sulphur contents
(http://www.ec.gc.ca/energie-energy/default.asp?lang=En&n=7A8F92ED-1), accessed on July 27, 2012.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-04-141

 Section 11.4.7,
Atmosphere

Information Request:
Provide a figure, showing maximum construction phase concentrations (i.e. bounding case) for indicator compounds
(from Table 8.2.3-6, AETSD) and other contaminants (to be predicted as requested in IR EIS 04-138) in the Local Study
Area.
Provide the distance to the nearest human receptor in km relative to the location of maximum ground level concentration.
Context:
A visual representation of the requested information is important to understanding air quality effects.
OPG Response:
The dispersion modelling results presented in the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011), represent the maximum predicted off-site concentrations for each of the indicator compounds. The
maximum predicted concentrations resulting from Stage 1 (the bounding case for emissions) of the site preparation and
construction phase are presented in GOLDER (2011, Table 8.2.3-4). These predicted maximums occur at different
receptors, depending on the compound and averaging period as shown in the following table. Table 1, below, also
shows the distances (in kilometres) from the predicted location of the off-site maximums to the human receptor locations
used in the human health assessment (GOLDER 2011, Figure J1.1-1).
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Table 1: Location of Maximum Site Preparation and Construction Predictions — Indicator Compounds
Location of Maximum

Distance to Health Receptors (km)

Modelled
Maximum
(µg/m³)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

24-hour SO2

42.1

451,691.2

4,906,294.8

2.7

5.1

4.5

1.0

12.8

1.5

24-hour NO2

129.3

8-hour CO

649.8

452,353.9

4,906,438.0

2.2

4.5

3.8

1.1

12.3

0.9

24-hour SPM

224.8

24-hour PM10

52.7

452,441.4

4,906,430.1

2.1

4.5

3.7

1.1

12.3

0.8

24-hour PM2.5

32.1

Annual SO2

1.4

453,564.2

4,906,354.1

1.4

3.7

2.6

1.8

11.7

0.5

Annual NO2

13.1

Annual SPM

7.7

454,394.7

4,907,337.1

2.3

2.4

1.8

3.0

10.4

1.4

1-hour NO2

308.6

1-hour CO

1,687.7

455,337.5

4,907,776.7

3.0

1.6

1.2

4.0

9.5

2.4

1-hour SO2

308.4

462,892.5

4,905,231.7

8.8

8.1

6.9

10.8

11.3

9.8

Compound

The following three tables (Tables 2, 3 and 4) provide the locations of the respective 1-hour, 24-hour and annual
maximum predicted concentrations during the site preparations and construction phase for the non-indicator compounds
(see response to Information Request EIS-04-138).
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Table 2: Location of Maximum Site Preparation and Construction Predictions — 1-hour Non-Indicator Compounds
Compound

Modelled
Maximum
(µg/m³)

1-hour acetaldehyde

76.124

1-hour acetone

40.065

1-hour acrolein

6.192

1-hour benzene

4.990

1-hour ethylbenzene

0.856

1-hour formaldehyde

40.612

1-hour Toluene

7.248

1-hour Xylenes
1-hour carcinogenic
PAHs
1-hour noncarcinogenic PAHs
1-hour Naphthalene

5.755

1-hour Aluminum

0.076

1-hour Cadmium

0.057

1-hour Chromium

0.010

1-hour Lead

0.010

1-hour Zinc

0.067

0.001

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

455,337.5

4,907,776.7

3.0

1.6

1.2

4.0

9.5

2.4

0.051
0.025
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Table 3: Location of Maximum Site Preparation and Construction Predictions — 24-hour Non-Indicator Compounds
Compound

Modelled
Maximum
(µg/m³)

24-hour acetaldehyde

9.638

24-hour acetone

5.073

24-hour acrolein

0.784

24-hour benzene

0.632

24-hour ethylbenzene

0.108

24-hour formaldehyde

5.142

24-hour Toluene

0.918

24-hour Xylenes
24-hour carcinogenic
PAHs
24-hour noncarcinogenic PAHs
24-hour Naphthalene

0.729

24-hour Aluminum

0.009

24-hour Cadmium

0.007

24-hour Chromium

0.001

24-hour Lead

0.001

24-hour Zinc

0.008

0.000

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

452,353.9

4,906,438.0

2.2

4.5

3.8

1.1

12.3

0.9

0.006
0.003
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Table 4: Location of Maximum Site Preparation and Construction Predictions — Annual Non-Indicator Compounds

Compound

Modelled
Maximum
(µg/m³)

Annual acetaldehyde

0.652

Annual acetone

0.343

Annual acrolein

0.053

Annual benzene

0.043

Annual ethylbenzene

0.007

Annual formaldehyde

0.348

Annual Toluene

0.062

Annual Xylenes
Annual carcinogenic
PAHs
Annual noncarcinogenic PAHs
Annual Naphthalene

0.049

Annual Aluminum

0.000

Annual Cadmium

0.000

Annual Chromium

0.000

Annual Lead

0.000

Annual Zinc

0.000

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

454,394.7

4,907,337.1

2.3

2.4

1.8

3.0

10.4

1.4

454,330.5

4,907,260.5

2.2

2.5

1.9

2.9

10.5

1.3

0.000
0.000
0.000

As requested, the locations of the maximum predicted concentrations during Stage 1 (the bounding case) of the site
preparation and construction phase are provided graphically in Figure 1 (enclosed).
Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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Information Request:
Clarify and justify which phase of the construction air emissions modelling includes the air emissions from the concrete
batch plant.
Context:
Table B1 (Appendix B, AETSD) states that the concrete batch plant would be established during construction of surface
facilities (Stage 1), whereas Table F4-2 (Appendix F, AETSD) suggests that air emissions from the batch plant are
occurring during excavation and construction of underground facilities (Stage 2,3). The distinction is important since
Stage 1 is the bounding case (i.e. highest emissions). Incorporation of batch plant emissions in Stage 1 will result in
higher emissions of indicator compounds than what is currently shown in the AESTD report.
OPG Response:
The air emissions associated with the concrete batch plant were included as part of the dispersion modelling for Stage 1
of the site preparation and construction phase presented in the Atmospheric Environment Technical Support Document
(TSD) (GOLDER 2011). The concrete batch plant is explicitly shown in:



Table F4.4.2-1, on p.F-44 in Appendix F of the TSD, which summarizes the emission rates associated with each
source included in the modelling of the site preparation and construction phase; and
Table F4-2, on p.F-23 in Appendix F of the TSD, which summarizes the assumptions for each source used in the
air quality assessment during the site preparation and construction phase.

Both of the above tables present sources associated with Stage 1.
Table B-1 of Appendix B to the Atmospheric Environment TSD (GOLDER 2011) provides the Basis for the EA. It
provides more detail associated with each identified category of Project Works and Activities. These Project Works and
Activities are used throughout the Environmental Impact Statement and TSDs for grouping and describing the effects of
the DGR Project. The table does not refer to the stage or stages during the site preparation and construction phase
when the listed activities will occur. More than one Project Work and Activity often occur during one stage.
To facilitate the categorization of emissions, the Project Work and Activity “Excavation and Construction of Underground
Facilities” was further split into “Excavation of Shafts” and “Construction of Underground Facilities”. Table 8.2.3-1 of
GOLDER (2011) shows that Stage 1 of the site preparation and construction phase includes the “Site Preparation”,
“Construction of Surface Facilities”, and “Excavation of Shafts” Project Works and Activities.
The air emissions of indicator compounds shown for the site preparation and construction phase in the Atmospheric
Environment TSD are not underestimated because the emissions associated with the concrete batch plant were included
as part of the inputs to the dispersion modelling.
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Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
EIS-04-143

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide an updated evaluation of the potential for climate change to affect precipitation, including extreme events.
Provide an evaluation of how this may affect the design of the Project.
Context:
Potential increases in extreme precipitation from peer-reviewed climate modeling should be included in the report rather
than only considering mean precipitation in the assessment. The implication of the potential changes to extreme values
should be taken into consideration when adjusting engineering infrastructure requirements and calculating flood design
standard values. At a minimum, this has implications for the design of the stormwater management system and for the
design of the repository shaft collar elevations (i.e. OPG indicated it would design the repository shaft collars to be above
the water levels arising from a Probable Maximum Precipitation/Probable Maximum Flood event).
Climate modeling points to a greater increase in the frequency and intensity of extreme precipitation events than annual
mean precipitation quantities under a changing climate (Kharin et al. Journal of Climate, Vol. 20, 2007 pp. 1419–1444;
Kharin and Zwiers. Journal of Climate, Vol. 18, 2005 pp. 1156–1173). These studies found the annual mean precipitation
rate over North America is projected to increase by less than 3% by the end of this century, however, the corresponding
increase in the 20-year return values of annual extremes of 24-hour precipitation rates is projected to be 15% (A2
scenario). A more recent study focusing on Southern Ontario found that the return values of annual maximum 3-day
accumulated rainfall totals in the study area are projected to increase by 25–60% for the period 2051–2100 (Cheng et al.
Journal of Climate, Vol. 24, 2011 pp. 3667–3685).
OPG Response:
The environmental assessment for the DGR Project considers the potential for climate change to affect precipitation,
including extreme events.
This Information Request (IR) requests an updated evaluation of the potential for climate change to affect precipitation
based on literature published since the submission of the Environmental Impact Statement (EIS, OPG 2011a) and the
Preliminary Safety Report (PSR, OPG 2011b).
The response is provided in two parts:
a) Precipitation intensity; and
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b) Probable Maximum Precipitation.
(a) Precipitation Intensity
The DGR environmental assessment (GOLDER 2011, Appendix D, Section D2.3.4) considers changes in climate within
the Great Lakes Basin, specifically changes in both mean precipitation and precipitation intensity. Forecasts from the
Intergovernmental Panel on Climate Change (IPCC), and recent papers by Warren et al. (2004), Mortsch et al. (2003)
and Kharin et al. (2007) were cited and the information presented. It was noted that Kharin et al. (2007) suggests the 20year return period for total 24-hour rainfall could increase in intensity by 10% to 20% by the 2071 to 2100 forecast period.
With respect to the Information Request for an updated evaluation, the literature was surveyed for recent literature on
precipitation intensity relevant to southern Ontario, and one new paper was identified:
Cheng et al. (2011) suggest an increase in frequency of future daily heavy rainfall events over the period 2081 to
2100 for four river basins in southern Ontario. Cheng et al. (2011) also predict increases in the return values of
annual maximum 3-day accumulated rainfall. More specifically, for the 100-year return period storm (considered
in the DGR stormwater management design), the 3-day accumulated rainfall totals are projected to increase
from about 100 mm currently observed to 130-170 mm for the period 2051-2100. The 24-hour accumulated
rainfall would be less than Cheng’s 3-day accumulated rainfall projection, but is not estimated in the paper.
As outlined in OPG’s response to IR-EIS-04-130, the stormwater management pond is designed to:





provide a minimum retention time of 24 hours for runoff from 25 mm of rainfall in 6 hours;
ensure that the average annual total suspended solids concentration in effluent discharge does not exceed
40 mg/L;
attenuate post-development peak outflow rates for 24-hour rainfall events with return periods ranging from 2 to
100 years to pre-development values; and
safely convey the peak outflow rate from the 24-hour, 100-year rainfall event.

The current design of the stormwater management pond considers a 24-hour rainfall event with a return period of
100 years (110 mm) based on data from Goderich, Ontario. As stated in the response to IR-EIS-04-130, it is expected
that the rainfall amounts at Kincardine would be less than at Goderich. The design of the stormwater management pond
has extra capacity if rainfall intensity is higher, in part because of conservative assumptions leading to the current design
and the availability of 300 mm of planned freeboard on the sides of the pond. The capability of downstream culverts to
handle the 24-hour, 100-year return period storm is being further assessed as part of the final design process.
(b) Probable Maximum Precipitation
The Maximum Flood Hazard Assessment (AMEC NSS 2011) considered flooding from several causes, and identified the
flooding due to the Probable Maximum Precipitation (PMP) event as important for the design of the shaft collars. The
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reference PMP was taken from the latest (draft) Ontario Ministry of Natural Resources PMP guidance (OMNR 2006). A
review of the literature at the time indicated that there was no substantive basis to change this reference PMP (AMEC
NSS 2011, Section 6.2).
With respect to the Information Request for an updated evaluation, the literature was surveyed for recent literature on
PMP relevant to southern Ontario, and one new paper was identified:
Kunkel and Easterling (2011) present initial results that strongly indicated the possibility for large future
increases in maximum moisture, and therefore PMP, by about the same amount as increases in mean moisture
content due to the temperature increase This led to an estimated 10-50% increase in moisture and therefore
PMP for 2071-2100 relative to 1961-1990 for Illinois.
The preliminary repository design is based on storm information available at the time that it was prepared. In the project
requirements, it is specified that the repository shaft collars must be above the maximum flood level (OPG 2010, Section
12.4). The critical PMP was 380 mm for 1 hr with respect to maximum flood level at DGR site (AMEC NSS 2011, Table
5.8 and Section 5.3). If the PMP increased by 50% as implied by Kunkel and Easterling (2011), this would mean an
additional 190 mm of rainfall in the first hour, and could increase the maximum flood level up to 190 mm higher than
previously estimated. As part of finalizing the site grading plan, OPG will be updating the Maximum Flood Hazard
Assessment (AMEC NSS 2011) to provide assurance that the maximum flood level will be below the shaft collar height
considering the latest estimates of PMP, including consideration of climate change.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Cheng, C.S., G. Li, Q. Li and H. Auld. 2011. A Synoptic Weather-Typing Approach to Project Future Daily Rainfall and
Extremes at Local Scale in Ontario, Canada. Journal of Climate, 24. pp. 3667-3685.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Kharin, V.V., F.W. Zwiers, X. Zhang and G.C. Hegrel. 2007. Changes in Temperature and Precipitation Extremes in the
IPCC Ensemble of Global Coupled Model Simulations. Journal of Climate, 20. pp. 1419-1444.
Kunkel, K. and D. Easterling. 2011. Climate Change Impacts on Probable Maximum Precipitation. Presented at 2011
Fall Meeting, AGU, San Francisco, USA.
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EIS-04-144

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide updated calculations regarding change per decade for future temperature and precipitation.
Include most recent climate data for the decade interval 2001-2011 that utilizes (units/decade) measurements for
parameters such as temperature and precipitation trend information in generating potential climate change predictions.
Context:
The calculations in the report on the basis of change per decade for future temperature and precipitation are not correct.
In the report, four time periods were considered: 1971–2000 for the baseline period, 2011–2040, 2041–2070, and 2071–
2100 for three future periods. The calculation for future relative change during the first future period (2011–2040) from
the baseline (1971– 2000) should be the difference divided by the number of decades between the center years of two
periods. The number of decades for this case is 4; however, 5 was used in the report. Similarly, for other two future
periods, the corresponding number of decades is 7 and 10 rather than 8 and 11 used in the report, respectively.
Under the EIS Guidelines, “the proponent must consider the current baseline environment and environmental trends
within the study areas.” (S. 9.2, p. 29). The EIS document states that “The climate of an area is described using normals
… averages … over a 30 year period (the latest accepted normal period is from 1971 to 2000) … reliance is shifting to
global climate models …” In the trend modelling descriptions provided in Tables 7.14-1 and 7.14-2, climate behaviour is
shown in terms of (units/decade) up to the year 2000, and then is forecasted beyond that only for the period 2011-2040.
The interval period between 2001 and 2011 (most recent decade) is that which best demonstrates current changes in
climate that can be expected to continue into the future, and which therefore should bear closer observation.
No climate information for the single most recent decade (2001-2011) has been compiled and presented in the EIS for
the purpose of climate modeling and effects prediction. This decade interval is likely the most observed and measured
one in terms of monitoring of climate data, and should thus be included in climate effects prediction modeling even
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though it does not comply with the typical “normals” time frame.
OPG Response:
Section D.3 (GOLDER 2011, p. D-31) provides a summary of the historic and future climate trends to be used as the
basis for the assessment. A more thorough discussion on future climate change estimates is presented in Section D2.3
(GOLDER 2011, p. D-11). In calculating the decadal changes for the future climate presented in Tables D2.3.3-1 and
D2.3.3-2 Tables D2.3.3-3 and D2.3.3-4, Tables D2.3.3-5 and D2.3.3-6, Tables D2.3.3-7 and D2.3.3-8, and Tables
D2.3.3-9 and D2.3.3-10, (GOLDER 2011), the incorrect baseline period was used. The formulas for calculating the
decadal trends were based on the 1961 to 1990 baseline period used in the Intergovernmental Panel on Climate Change
(IPCC) Second Assessment Report (SAR: IPCC, 1995) as well as the Third Assessment Report (TAR: IPCC, 2001).
Appendix D correctly uses the 1971 to 2000 period as baseline, which is consistent with the current Environmental
Canada normals period (ENVIRONMENT CANADA 2007) and the baseline for the Fourth Assessment Report (AR4:
IPCC, 2007). However, the formulas used for calculating decadal trends were not updated. Tables 1 through 10 provide
revised decadal calculations using the appropriate baseline period from 1971 to 2000.
The new calculations are presented in the following table. This error has no effect on the conclusions that were reached.
Table 1: An Update to Table D2.3.3-1: Forecast Annual Temperature Trends

8.803

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
10.306
+0.38

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
11.470
+0.38

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
11.005
+0.22

SR-A2

8.803

10.304

+0.38

11.379

+0.37

13.076

+0.43

SR-B1

8.803

8.803

+0.00

9.983

+0.17

11.348

+0.25

1PT04x

8.803

14.056

+1.31

14.084

+0.75

14.453

+0.56

1PT02x

8.803

10.806

+0.50

10.609

+0.26

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
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Table 2: An Update to Table D2.3.3-2: Forecast Annual Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.391
+0.8%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.523
+1.3%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.667
+1.5%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.313

SR-A2

2.313

2.428

+1.2%

2.471

+1.0%

2.637

+1.4%

SR-B1

2.313

2.313

+0.0%

2.380

+0.4%

2.391

+0.3%

1PT04x

2.313

2.726

+4.5%

2.700

+2.4%

2.885

+2.5%

1PT02x

2.313

2.540

+2.5%

2.516

+1.3%

—

—

Note:
— Forecasts not available

Table 3: An Update to Table D2.3.3-3: Forecast Winter Temperature Trends
Scenario

1971-2000
Baseline
(°C)

SR-A1b

-0.117

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
1.456
+0.39

SR-A2

-0.117

1.322

+0.36

2.363

+0.35

3.909

+0.40

SR-B1

-0.117

-0.117

+0.00

1.150

+0.18

2.459

+0.26

1PT04x

-0.117

4.855

+1.24

4.897

+0.72

5.352

+0.55

1PT02x

-0.117

2.011

+0.53

1.715

+0.26

—

—

Note:
— Forecasts not available

609

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
2.667
+0.40

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
2.171
+0.23
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Table 4: An Update to Table D2.3.3-4: Forecast Winter Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.381
+1.6%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.691
+2.9%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.746
+2.3%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.241

SR-A2

2.241

2.390

+1.7%

2.592

+2.2%

2.720

+2.1%

SR-B1

2.241

2.241

+0.0%

2.193

-0.3%

2.332

+0.4%

1PT04x

2.241

3.059

+9.1%

2.794

+3.5%

3.060

+3.7%

1PT02x

2.241

2.472

+2.6%

2.564

+2.1%

—

—

Note:
— Forecasts not available

Table 5: An Update to Table D2.3.3-5: Forecast Spring Temperature Trends

4.298

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
6.026
+0.43

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
7.147
+0.41

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
6.436
+0.21

SR-A2

4.298

6.090

+0.45

6.968

+0.38

8.781

Scenario

1971-2000
Baseline
(°C)

SR-A1b

+0.45

SR-B1

4.298

4.298

+0.00

5.439

+0.16

6.787

+0.25

1PT04x

4.298

9.748

+1.36

9.815

+0.79

10.277

+0.60

1PT02x

4.298

6.524

+0.56

6.035

+0.25

—

—

Note:
— Forecasts not available
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Table 6: An Update to Table D2.3.3-6: Forecast Spring Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.722
+1.7%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.975
+2.4%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
3.074
+2.1%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.547

SR-A2

2.547

2.890

+3.4%

2.828

+1.6%

3.272

+2.8%

SR-B1

2.547

2.547

+0.0%

2.674

+0.7%

2.674

+0.5%

1PT04x

2.547

3.234

+6.7%

3.102

+3.1%

3.683

+4.5%

1PT02x

2.547

2.996

+4.4%

2.696

+0.8%

—

—

Note:
— Forecasts not available

Table 7: An Update to Table D2.3.3-7: Forecast Summer Temperature Trends

18.220

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
19.858
+0.41

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
20.928
+0.39

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
20.513
+0.23

SR-A2

18.220

19.772

+0.39

20.937

+0.39

22.690

+0.45

SR-B1

18.220

18.220

+0.00

19.540

+0.19

20.781

+0.26

1PT04x

18.220

23.727

+1.38

23.753

+0.79

23.989

+0.58

1PT02x

18.220

20.252

+0.51

19.456

+0.18

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
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Table 8: An Update to Table D2.3.3-8: Forecast Summer Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
1.940
-2.2%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
1.946
-1.2%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
1.970
-0.8%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.130

SR-A2

2.130

1.936

-2.3%

1.817

-2.1%

1.890

-1.1%

SR-B1

2.130

2.130

+0.0%

1.894

-1.6%

1.873

-1.2%

1PT04x

2.130

1.768

-4.2%

2.058

-0.5%

1.987

-0.7%

1PT02x

2.130

1.996

-1.6%

1.968

-1.1%

—

—

Note:
— Forecasts not available

Table 9: An Update to Table D2.3.3-9: Forecast Fall Temperature Trends

12.811

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
13.886
+0.27

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
15.138
+0.33

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
14.898
+0.21

SR-A2

12.811

14.030

+0.30

15.247

+0.35

16.924

+0.41

SR-B1

12.811

12.811

+0.00

13.801

+0.14

15.364

+0.26

1PT04x

12.811

17.894

+1.27

17.870

+0.72

18.194

+0.54

1PT02x

12.811

14.437

+0.41

13.815

+0.14

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
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Table 10: An Update to Table D2.3.3-10: Forecast Fall Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.522
+2.0%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.479
+0.9%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.877
+2.3%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.335

SR-A2

2.335

2.495

+1.7%

2.648

+1.9%

2.666

+1.4%

SR-B1

2.335

2.335

+0.0%

2.760

+2.6%

2.685

+1.5%

1PT04x

2.335

2.842

+5.4%

2.849

+3.1%

2.809

+2.0%

1PT02x

2.335

2.697

+3.9%

2.500

+1.0%

—

—

Note:
— Forecasts not available
The climate data presented in Tables 7.14.1-1 and 7.14.1-2 (OPG 2011) and Tables in D3-1 and D3-2 (GOLDER 2011)
present the same data. These tables show the climate normals and historic per decade trends for the period from 1971
through 2000, for temperature and precipitation, respectively. The tables also show the respective forecast temperature
and precipitation trends for three separate time horizons, namely 2011 to 2040, 2041 to 2070, and 2071 to 2100. The
most recent decade for which climate observation data are available covers the period from 2001 to 2010 (2001 to 2011
is a period of 11 years). This data was not presented in the Environmental Impact Statement (EIS) (OPG 2011) or
Appendix D (GOLDER 2011) as it is not the accepted Environment Canada climate normals period (ENVIRONMENT
CANADA 2007), nor is it the baseline used by the IPCC in the Fourth Assessment Report (AR4: IPCC 2007) when
looking at climate trends and observations. Tables 11 and 12 present the updated information using the corrected
forecast trends.
Table 11: An Update to Table D3-1: Historic and Future Temperature Trends
Seaso
n

Annual

19712000
Normals
(°C)

19712000
Trend
(°C/
decad
e)

6.1

+0.31

2011-2040 Forecast
(°C/decade)

2041-2070 Forecast
(°C/decade)

2071-2100 Forecast
(°C/decade)

Low

Averag
e

High

Low

Averag
e

High

Low

Averag
e

+0.00

+0.51

+1.31

+0.17

+0.39

+0.75

+0.22

+0.37
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Spring

4.5

+0.50

Summ
er

17.4

+0.26

Fall

8.3

+0.05

Winter

-5.7

+0.68

+0.00

+0.56

+1.36

+0.16

+0.40

+0.79

+0.21

+0.38

+0.6
0

+0.00

+0.54

+1.38

+0.18

+0.39

+0.79

+0.23

+0.38

+0.5
8

+0.00

+0.45

+1.27

+0.14

+0.34

+0.72

+0.21

+0.35

+0.5
4

+0.00

+0.51

+1.24

+0.18

+0.38

+0.72

+0.23

+0.36

+0.5
5

Note: The low and high data correspond to the forecasts for the scenario with the smallest and largest respective changes in
temperature for each forecast horizon. The average represents the arithmetic average of the available forecasts.

Table 12: An Update to Table D3-2: Historic and Future Precipitation Trends
Seaso
n

19712000
Normal
s
(mm)

19712000
Trend
(mm/
decade)

Annual

1,041.3

Spring

2011-2040 Forecast
(%/decade)

2041-2070 Forecast
(%/decade)

2071-2100 Forecast
(%/decade)

Low

Averag
e

High

Low

Averag
e

High

Low

Averag
e

High

+0.13%

+0.0%

+1.8%

+4.5
%

+0.4%

+1.3%

+2.4
%

+0.3%

+1.4%

+2.5
%

216.8

+3.23%

+0.0%

+3.2%

+6.7
%

+0.7%

+1.7%

+3.1
%

+0.5%

+2.5%

+4.5
%

Summe
r

230.8

-0.51%

-4.2%

-2.1%

+0.0
%

-2.1%

-1.3%

0.5%

-1.2%

-0.9%

0.7%

Fall

310.9

+4.41%

+0.0%

+2.6%

+5.4
%

+0.9%

+1.9%

+3.1
%

+1.4%

+1.8%

+2.3
%

Winter

282.8

-4.65%

+0.0%

+3.0%

+9.1
%

-0.3%

+2.1%

+3.5
%

+0.4%

+2.1%

+3.7
%

Note: The low and high data correspond to the forecasts for the scenario with the smallest and largest respective changes in
temperature for each forecast horizon. The average represents the arithmetic average of the available forecasts.

Table 13 provides the historic trends in temperature for the accepted Environment Canada normals period, and IPCC
baseline period of 1971 to 2000, as well as for the period that incorporates the latest decade of available historic climate
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data (i.e., 1971 to 2010). The trends in climate during any individual decade can vary, therefore IPCC recommends
using a full 30 years of data when looking at both historic and forecast climate trends. Notwithstanding the limitations at
looking at individual decades, the following table also presents the historic trends for each of the four decades during the
period from 1971 through 2010. When the additional decade (2001 to 2010) of climate data are added from 1971 to
2000, the trends in temperatures are statistically significant for all seasons as well as for the annual data. In addition, the
annual and summer trends increase slightly from those predicted for the 1971 to 2000 period. In contrast, the winter and
spring trends show a slight decrease from those predicted for the 1971 to 2000 period. Finally, there is an appreciable
increase in the upward trend of fall temperatures. On a decade by decade basis, there are noticeable changes from one
decade to the next confirming the validity of the IPCC position that at least 30 years of data should be used when looking
at climate trends. For example, the 1971 to 1980 decade showed a downward trend annually as did the most recent
decade from 2001 to 2010. In contrast, the decades from 1981 to 1990 and 1991 to 2000 showed warming trends
annually.
Table 13: Additional Analyses of Historic Temperature Trends
Mean Daily Temperature (°C)

Period

1971 to
2000

1971 to
2010

1971 to
1980

1981 to
1990
1991 to
2000

Annual

Winter

Spring

Summer

Fall

Trend
[°/decade]

+0.31

+0.68

+0.50

+0.26

+0.05

Significance
Level

Not Statistically
Significant

Significant at the
th
90 %-ile

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+0.34

+0.46

+0.43

+0.29

+0.34

Significance
Level

Significant at the
th
99 %-ile

Significant at the
90th %-ile

Significant at the
95th %-ile

Significant at the
90th %-ile

Significant at the
90th %-ile

Trend
[°/decade]

-1.25

-2.86

+1.79

-0.48

-2.11

Significance
Level

Not Statistically
Significant

Significant at the
th
90 %-ile

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+0.89

+1.80

+1.33

+1.08

-0.62

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+1.37

+0.92

+1.60

+0.16

+1.80
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2001 to
2010

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

-0.08

+0.57

+2.21

-0.42

-0.56

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Table 14 provides the historic trends in precipitation, for the accepted Environment Canada normals period, and IPCC
baseline period of 1971 to 2000, and for the periods that incorporate the latest decade (i.e., 2001 to 2010) of available
historic climate data. In addition, the historic trends for each of the four decades during the period from 1971 through
2010. When the additional decade (2001 to 2010) of climate data are added from 1971 to 2000, the trends in
precipitation suggests a lower decrease in precipitation for winter, spring, summer and for the annual data. The
precipitation in the fall is projected to increase by a smaller amount than forecast using the 1971 to 2000 data. On a
decade by decade basis, there are substantial differences in the precipitation trends from one decade to the next,
especially on a seasonal basis. This is consistent with the IPCC suggestion that at least 30 years of data should be used
when looking at climate trends.
Table 14: Additional Analyses of Historic Precipitation Trends
Period

1971 to
2000

1971 to
2010

1971 to
1980

1981 to
1990
1991 to

Trend
[% /decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend

Annual

Winter

Total Precipitation (mm)
Spring

Summer

Fall

-1.01%

-6.05%

-1.13%

-6.45%

+6.14%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-0.14%

-3.42%

+0.00%

-1.79%

+2.74%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-0.77%

+9.77%

+1.00%

+6.78%

-0.93%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-3.99%

-20.34%

-9.38%

-20.10%

+24.60%

Not Statistically
Significant
-1.83%

Not Statistically
Significant
+24.39%

Not Statistically
Significant
-15.74%

Not Statistically
Significant
+13.65%

Significant at the
th
95 %-ile
-4.74%
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2000

2001 to
2010

[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-1.15%

+30.65%

-14.53%

+23.99%

-36.23%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

With respect to the most recent decade of available historic climate data, the appropriate period would be between 2001
and 2010 (i.e., a 10 year period), rather than 2001 to 2011 (i.e., a 11 year period).
References:
ENVIRONMENT CANADA. 2007. Canadian Climate or Average Normals, 1971-2000. Accessed on January 18, 2007
from http://climate.weatheroffice.ec.gc.ca/climate_normals/index_e.html.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
IPCC. 1995. Climate Change 1995: The Second Assessment Report on Climate Change prepared by the International
Panel on Climate Change (IPCC).
IPCC. 2001. Climate Change 2001: Synthesis Report forms the fourth volume of the International Panel on Climate
Change (IPCC) Third Assessment Report, and is composed of the Synthesis Report itself, the Summaries for
Policymakers and Technical Summaries of the three IPCC Working Group volumes, and supporting annexes.
IPCC. 2007. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and
Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA
Registry Doc# 298)
EIS-04-145

 Section 8.4,
Modifications

Information Request:
Provide a description of the space that is available for expansion in the host geological formation and what impact this
will have on the surface waste rock and surface water management capabilities.
Context:
The EIS (page 4-71) states that: “there may be a need to increase the number of emplacement rooms”. It is unclear that
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there would be sufficient capacity, both underground and above ground, to accommodate additional waste and
associated water and waste rock management.
OPG Response:
The host geological formation has significant potential for expansion within the Lower Cobourg Formation. In OPG’s
response to Information Request EIS-04-120 (OPG 2012), it is indicated that OPG evaluated the potential for the waste
holding capacity of the repository to be expanded by a factor of 2 (to 400,000 m3). For such an increase in the repository
size, the current surface layout has room to expand the waste rock management area to the west of the proposed pile,
as well as, the capacity to extend vertically. The water management system is designed to support the construction
phase which has the highest discharge requirements from the repository. An expansion of the repository would return
the water management to construction discharge requirements and would therefore not require any additional capability
than what is proposed. Regarding surface water, the proposed ditching system and stormwater management pond are
sufficient to accommodate such an expansion.
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)

EIS-04-146

 Section 11.1,
Effects Prediction

Information Request:
Provide a clear and complete description of the calculations performed in support of the predictions in Table 7.3.2-2
regarding suspended solids and nitrate concentration in surface water due to atmospheric deposition. Discuss the
uncertainty associated with these calculations.
Context:
The calculations in support of the predictions in Table 7.3.2-2 are not presented in either the EIS or the TSD. The
calculations and uncertainty associated with the calculations are required for the evaluation of the defensibility and
scientific credibility of the assessment of effects on water quality from atmospheric deposition.
OPG Response:
Table 7.3.2-2 on page 7-36 of the Environmental Impact Statement (EIS) (OPG 2011) presents a summary of the
information provided in Section 8.3.4.1, of the Hydrology and Surface Water Quality Technical Support Document (TSD)
(GOLDER 2011b). Table 8.3.4-1 of GOLDER (2011b) shows how the numbers summarized in Table 7.3.2-2 of the EIS
(OPG 2011) were arrived at. In addition, the footnotes to Table 8.3.4-1 of GOLDER (2011b) refer the reader to Section
G1.3 of GOLDER (2011b) for sample calculations of nutrient concentrations in Stream C. This calculation conservatively
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assumes that all of the nitrate deposited in the Stream C watershed would enter Stream C, and none of it would be
retained in the Stream C watershed.
The following provides the calculation of average total suspended solids (TSS) increase for Stream C as a result of the
site preparation and construction phase activities for the DGR Project. The calculation conservatively assumes that all of
the particles deposited in the watershed would enter Stream C, and none of it would be retained in the Stream C
watershed:
114.58

86,400
1,000

814

10,000

840.8

365

18,750

9,900

1,000

18,750

1,000
1,000

9,900

/

1.89

/

/

In the above equation, and the equation presented in Appendix G (GOLDER 2011b), the primary inputs are average
stream flow and deposition rates of suspended particulate matter (SPM) and nitrates, respectively. The total particulate
and nitrate deposition values are taken directly from Table J.1.1.5-1 (GOLDER 2011a). The annual flow for Stream C
comes from Table 5.4.3-2 of GOLDER (2011b).
The bulk of the atmospheric deposition within the Stream C watershed does not fall on the water, but falls on those areas
that will drain to Stream C in the event of rain. The uncertainties with respect to the calculated effects of atmospheric
deposition to the Stream C watershed are tied primarily to the fluctuations in flows and water quality within Stream C
itself. In response to rainfall events, both the flows and the quality of water in Stream C will vary significantly in response
to the weather. For example, flows in Carrick Creek (a tributary of the South Saugeen River) near Carlsruhe can be
expected to increase from baseline conditions of approximately 0.25 m³/s to over 1 m³/s within 10 hours following a
rainfall event (WSC 2012) as shown on the Figure 1. This represents an increase of approximately 300%.
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Figure 1: Carlsruhe Flows
In a similar manner, runoff within the watershed can result in elevated TSS levels, especially if land uses include
agricultural activities. Specific measurements are not available for Stream C; however, Mill Creek (a tributary of the
Saugeen River to the northeast of the DGR Project site) showed variations in response to rainfall from 40 mg/L to
190 g/L (see Figure 2), where baseflow TSS levels were closer to 10 mg/L (MOE 2012).
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Mill Creek Suspended Solids Concentration
Station ID: 08012305602
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Figure 2: Mill Creek Solids Concentration
References:
GOLDER. 2011a. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc#
299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
Ministry of the Environment (MOE). 2012. Provincial (Stream) Water Quality Monitoring Network. Data downloaded
from http://www.ene.gov.on.ca/environment/en/resources/collection/data_downloads/index.htm
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. OPG report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
Water Survey of Canada (WSC). 2012. Real-time Hydrometric Data for Carrick Creek
(http://www.wateroffice.ec.gc.ca/graph/graph_e.html?stn=02FC011)

EIS-04-147

 Section 8.1,
General
Information and
Design Description

Information Request:
Provide an explanation of what “leachate toxic wastes” consist of, including a listing of the anticipated most common
compounds/elements and their relative toxicity to humans and the environment. Clarify whether such wastes will be
placed in the DGR facility or sent elsewhere.
Context:
The inclusion of other classes of hazardous waste to be placed within the DGR facility would add another layer of
complexity to the assessment. There is no indication in the EIS that other classes of “toxic waste” have been considered
and assessed.
OPG Response:
“Leachate toxic” wastes are defined in Ontario Regulation 347 (“General – Waste Management”) as “a waste producing
leachate containing any of the contaminants listed in Schedule 4 at a concentration equal to or in excess of the
concentration specified for that contaminant in Schedule 4 using the Toxicity Characteristic Leaching Procedure” (TCLP).
Schedule 4 of the regulation lists a number of substances that fall into this category. The relative toxicity to humans and
the environment is represented by the threshold TCLP concentration values listed in Schedule 4. The lower the number,
the more “toxic” it is to humans and/or the environment. Most of the substances are organic chemicals which are not
applicable to wastes produced by OPG or Bruce Power. The main ones of interest to the DGR are heavy metals,
notably cadmium, chromium, lead and mercury, and some organic compounds in the incinerator ash.
Appendix C of the DGR Reference Inventory Report (OPG 2010) gives detailed chemical compositions of the different
waste streams. This data specifically includes the above chemicals. These have been included in the preclosure and
postclosure DGR safety assessments. OPG does not routinely conduct leaching tests on radioactive wastes because it
is not considered necessary for the safe interim management of the wastes routinely encountered at the WWMF.
However, when the presence of these materials is known or suspected in a waste in potentially leachate toxic quantities,
prior notification and approval from the OPG’s Western Waste Management Facility (WWMF) Waste Acceptance
Coordinator is required. This allows any additional potential hazard from the waste to be identified, assessed and
appropriately managed. The special characteristics of the waste are noted and tracked in OPG’s Integrated Waste
Tracking System (IWTS). For a further description of IWTS, see the response to IR-EIS-01-07.
The Waste Acceptance Criteria (WAC) summarized in Table 4.5.1-3 of the Environmental Impact Statement specifically
excludes other classes of hazardous wastes as defined in Ontario Regulation 347, including: reactive wastes,
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polychlorinated biphenyl wastes, pathological wastes, ignitable wastes, explosives, corrosives, and compressed gases.
In addition, these waste types are currently excluded from acceptance at the WWMF under their existing WAC, so are
not likely to be present in the wastes transferred from the WWMF to the DGR.
Provided that the leachate toxic wastes meet all the other conditions of the DGR WAC, they will be accepted at the DGR.
In the event that they are not acceptable under the DGR WAC, they will either be stabilized into an acceptable form, or
they will be sent to another facility licensed to handle that type of waste.
References:
Environmental Protection Act (Ontario), R.R.O. 1990. Regulation 347, General - Waste Management. (available at
http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900347_e.htm)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-148

 Section 11.4.7,
Atmosphere

Information Request:
Demonstrate how dust generated by the trucking and dumping of waste rock has been incorporated into the air quality
model. Provide the fraction of particle size that can contribute to fugitive dust generation which can be expected in the
various waste rock types.
Context:
In the assessment of air quality no account appears to have been taken of the contribution of trucking and dumping to
the generation of fugitive dust (SPM, P10, P2.5). The capacity to generate dust will be influenced by the fraction of waste
rock that has a particle size amenable for dust generation. To judge the potential for fugitive dust generation, both factors
need consideration.
OPG Response:
The assumptions used when calculating the air emission sources during the site preparation and construction phase are
described in Table F4-2 (pages F 20 through F-26) of the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011). The excavation, transport and handling of the waste rock were captured as part of the “Excavation
and Construction of Underground Facilities” Project Work and Activity. The specific processes in Table F4-2 where
these emissions are captured are “Articulated Trucks (Cat 730) Re-used Material Transfer - Unpaved Road Dust” and
“Waste Rock Pile - Front End Loader, Bulldozer – Fugitive”. A sample calculation showing the fugitive dust emissions for
hauling waste rock to the waste rock pile is provided in Section F4.1.1.4 on page F-30 of Appendix F to the TSD. It
should be noted that while the number of vehicles per hour hauling waste rock is correctly listed as 2 V/hr in the sample
calculations, the base quantity in Table F4-2 (the second item in Table F4-2 on page F-23) is incorrectly shown as
5 V/hr. The dispersion model used emissions calculated with the correct number of vehicles, hence the predicted
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concentrations do not change.
The following table presents the total SPM, PM10 and PM2.5 emission rates for all of the DGR Project sources during
Stage 1 of the site preparation and construction phase, including the emissions associated with handling and transport of
the waste rock (the totals are as shown in Table 8.2.3-1 on page 109 of the Atmospheric Environment TSD). The table
also shows the emissions associated with the transport of the waste rock (calculated on the basis of the assumptions
listed in Table F4-2 on page F-23 in Appendix F to the Atmospheric Environment TSD, with the correct number of
vehicles as noted above) and the handling and placement of the waste rock (calculated on the basis of the assumptions
listed in the TSD [GOLDER 2011], Table F4-2 on page F-23 in Appendix F).
Table 1: Particulate Emissions – Stage 1 Site Preparation and Construction Phase
Stage of Site Preparation
and Construction Phase
Stage 1:
Site Preparation,
Construction of Surface
Structures and Excavation
of Shafts

Daily Emissions (kg/d)
Scenario Totals

SPM

PM10

PM2.5

Total
(includes the two scenarios listed below)

207.3

49.3

32.3

Articulated Trucks (Cat 730) Re-used
Material Transfer - Unpaved Road Dust

11.1

3.2

0.3

Waste Rock Pile - Front End Loader,
Bulldozer - Fugitive

29.0

4.6

3.0

As set out in Table F4-2 (GOLDER 2011), the primary reference used in calculating the fugitive dust emissions
associated with the handling and transport of waste rock was the AP-42 document prepared by the U.S. EPA (1995).
Because the AP-42 document (U.S. EPA 1995) does not have specific versions of every emission factors related to
individual rock types, it was assumed that all of the waste rock excavated from the shafts and underground areas would
have the potential to generate fugitive emissions of Suspended Particulate Matter (SPM), PM10 and PM2.5.
The “particle size” of the waste rock is not relevant for use in estimating the fugitive dust generated from the transport
and handling of the waste rock. As discussed in OPG’s response to Information Request LPSC-01-33, the excavated
waste rock is expected to have sizing 305 mm. The relevant information needed when estimating the fugitive dust
emissions is the surface silt loadings on the haul routes, and the effective silt loading of the materials being placed and
handled on the waste rock piles. A sample calculation for fugitive dust emissions from hauling waste rock to the waste
rock pile is provided in Section F4.1.1.4, p. F-30 of the Atmospheric Environment TSD (GOLDER 2011). This calculation
indicates that a surface material silt content of 8.5% was used for the fugitive dust emissions calculations for transporting
the waste rock to the waste rock pile. The 8.5% used is the average for construction sites (Section 13.2.2 of AP-42 [U.S.
EPA 1995]), and is higher than the average silt content for haul roads at stone quarrying, taconite mining or western
surface coal mines. The emission factors for handling the waste rock were based on bulldozing overburden (Section
11.9 of AP-42 [U.S. EPA 1995]), and used a surface silt loading for the waste rock of 3.9%. The silt loading on the haul
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routes is expected to be higher as repeated travel is expected to slowly start breaking the large diameter materials used
down. In contrast, the waste rock on the pile will only experience limited travel, associated with the transport and
placement. As the waste rock pile grows, the older materials will be covered by fresh waste rock directly from the
excavation activities.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
U.S. EPA. 1995. Compilation of Air Pollutant Emission Factors. Volume 1: Stationary Point and Area Sources.
Document AP-42 (and updates). U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards.
Research Triangle Park, North Carolina.

EIS-04-149

 Section 7.1,
Purpose and Need
for the Project

Information Request:
Provide information regarding the predicted margin of safety to be achieved by the DGR project relative to existing
facilities for the storage of low and intermediate radioactive waste.
Provide information concerning the safety hazards associated with operations at the Western Waste Management
Facility that may compromise the health and safety of the public, workers and the environment.
Context:
Section 1.2.1 of the EIS, page 1-2 states that: “The DGR Project is proposed because… it provides a greater margin of
safety than the existing facilities...”; and “…it provides a long-term management method for waste streams .. and (it) will
do so in the absence of institutional controls.”
Little information regarding the “margin of safety” of existing facilities (i.e., WWMF) and/or safety hazards existing at the
WWMF is provided to validate why the DGR is necessary other than that, through underground placement, no
institutional controls may be required to maintain safe material management.
OPG Response:
1) DGR Margin of Safety Related to Existing Facilities
The Environmental Impact Statement (EIS) (OPG 2011, Section 1.2.1) for the DGR project lists a number of reasons
why the DGR project is being proposed. One of the reasons is that: “it provides a greater margin of safety than the
existing facilities.” In this case, the existing facilities being referred to are the facilities at the Western Waste
Management Facility (WWMF). The intent of this statement was to capture the fact that:
a) once all the waste in interim storage at the WWMF is emplaced in the DGR, and the DGR is sealed, there will
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virtually be no radioactive releases from the waste to the surface environment, hence virtually no worker or
public radioactive doses or environmental impact; and
b) by emplacing the wastes deep underground they will not be subject to potential extreme natural (seismic events
excluded) or human-caused events that could challenge safety.
The intent of the statement was not to reflect a quantitatively-predicted difference in the margins of safety between the
two facilities.
2) Safety Hazards Associated with the Western Waste Management Facility
The WWMF is a facility licensed by the Canadian Nuclear Safety Commission (CNSC) for the interim management of
radioactive waste, and has been operating since the 1970s. The potential safety hazards from operation of the WWMF
are well understood and managed and include radiological hazards and, in the case of workers, additional nonradiological or industrial hazards. Radiological hazards are associated with direct radiation and the release of
radionuclides, both from normal operations or from accident conditions. The assessment of hazards associated with the
operation of the WWMF is contained in its Safety Report.
WWMF operating experience is that it has operated safely, and with releases and public doses well within regulatory
limits. Operating experience is reported quarterly to the CNSC.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)

EIS-04-150

 Section 8.7,
Malfunctions,
Accidents and
Malevolent Acts
 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide information relating to the design of closure walls, including specific dimensions, physical location with respect to
access and exhaust drifts, and bearing capacity characteristics, that will be used to resist pressure effects from gas
generation or potential gas explosions.
Context:
End walls will be placed on the access drift sides or rooms as each is completed in order to restrict entry by personnel.
When groups of rooms are filled, “closure walls (will be) constructed in the access and exhaust ventilation tunnels to fully
isolate this group of rooms … (and) In the very unlikely event that explosive gases build up behind the closure walls and
an explosion occurs, the air blast from the explosion would be contained by the closure walls.” (p. 4-62) The design of
these walls has not been well described in terms of dimensions, concrete thicknesses to be used, keying of walls into the
rock pillars, use of contact seal grouting materials as with shaft concrete bulkheads to be used – all of which provide
pressure resistance or bearing capacity in the case of room-generated pressures.
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OPG Response:
The closure walls have been designed to a conceptual-level of detail to confirm feasibility. Provision for 20-m-long
closure walls to isolate portions of the repository has been included in the repository layout as shown in Figure 1
(numbering indicates planned sequence of wall installation). The dimensions of the closure walls will be consistent with
the dimensioning of the access panel or return air tunnels.

Figure 1: Planned Closure Wall Locations
An assessment of the maximum gas pressure that a closure wall could withstand without failure was undertaken
(GOLDER 2012, enclosed). The analysis was performed for a concrete monolithic structure in a panel access tunnel
with no keying into the walls. The analysis assumed shearing through asperities at the concrete-rock interface where the
weaker of the two materials would control shear strength at interface. The maximum allowable gas pressure that could
act on the closure wall, using conservative assumptions, was calculated to be 7 MPa.
The U.S. coal industry has considered seal blast pressure criteria for conditions similar to those postulated in the DGR.
In particular, coal mines may build up explosive levels of methane in air in sealed areas. Coal mines can also have long
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tunnels with similar dimensions as in the DGR access tunnels. The National Institute for Occupational Safety and Health
(NIOSH) has reviewed theoretical and experimental evidence, and has defined design-basis detonation wave pressures
of 1.76 MPa and 4.5 MPa for single wave and reflected wave impacts respectively (NIOSH 2007). These pressures
would also apply to a methane-air explosion behind a closed DGR panel. They are significantly lower than the 7 MPa
lower bound capacity of the proposed DGR closure wall.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low & Intermediate Level Waste – Closure Wall Capacity.
Golder Associates Ltd. report submitted to Nuclear Waste Management Organization 1011170042-TM-G2170-0001-00
Rev.00 (enclosed)
NIOSH. 2007. Explosion Pressure Design Criteria for New Seals in U.S. Coal Mines, U.S. National Institute for
Occupational Safety and Health (NIOSH) Information Circular 9500, Pittsburgh.

EIS-04-151

 Section 8,
Description of the
Project

Information Request:
Describe how expected mine water flows were estimated for each phase of the project. Include a description of the level
of confidence in these estimates and the use of the Precautionary Principle (if any) in derivation of these estimates.
Context:
On Page 4-52 of the EIS, the maximum underground water inflow rate is estimated as 5.4 L/s. The text does not include
the basis for this estimate, nor the level of confidence associated with it. Since unexpected mine water inflows is a very
common contingency in any mining endeavour (the DGR can be considered a mine project), it is important that
information related to the estimation methods and confidence in estimates be provided in order that the adequacy of the
design for the water management system can be evaluated. This is also relevant to the capacity requirements for any
treatment plant that may be required.
OPG Response:
The expected groundwater inflow rates during construction (shaft sinking and lateral development) are described in the
response to Information Request (IR) EIS-04-101. As seen in the EIS-04-101 response, the estimated groundwater
inflows while shaft sinking through the top 200 m are expected to be in the range of 3 L/s. A grout curtain (or annulus)
would have been established around the periphery of the planned shaft excavation, from surface, prior to shaft sinking to
help reduce inflows to this level. If required, additional in-shaft grouting will be performed to ensure groundwater inflows
do not exceed 3 L/s for shaft sinking. As the shafts are being sunk a concrete liner is installed which will further reduce
inflows. Below a depth of 200 m the majority of the bedrock formations have low permeability, and groundwater inflows
will be negligible. Exceptions are the Salina A1 and Guelph Formations which are relatively permeable. Based on the
conservative assumption of no grouting, it is estimated that groundwater inflow from these formations will be 0.38 L/s.
However, during shaft sinking it is expected that these formations will be grouted, as required, to primarily reduce
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groundwater inflow later during DGR operations (see below).
Once shaft sinking is complete and both shafts are fully lined with concrete, groundwater inflow through concrete liners is
estimated to be 0.45 L/s (GOLDER 2012). This estimate is based on the assumption that the majority of inflow occurs
from Salina A1 and Guelph Formations through a “leaky liner” and these two formations are ungrouted (see responses to
IR-LPSC-01-17 (OPG 2012a) and Undertaking TIS 11 (OPG 2012b)). However, since it is expected that these
formations will be grouted during shaft sinking, the groundwater inflow will be less than 0.45 L/s.
During lateral development at the repository level, the usage of process water for equipment, construction and dust
mitigation is assumed to be about 20 L/s (average). This estimate is very conservative to allow for a wide variety of
equipment selection and water demand criteria. The estimate has been derived using high water demand equipment
(e.g., high efficiency multi-boom drilling jumbos), high utilization estimates for operating hours per day, continuous water
suppression during operating hours and an allowance for continuous civil construction activities (e.g., floor concrete). As
well, this estimate does not take into consideration options for recirculation of process water.
The expected inflow rates during normal operations are described in the response to Undertaking TIS 11 (OPG 2012b).
During normal operations, the majority of groundwater inflow will be through both shaft concrete liners and as described
above is conservatively estimated to be 0.45 L/s. Due to the very low permeability of the Cobourg Formation Lower
Member, groundwater inflow at the repository level is expected to be negligible (0.006 L/s). This rate of groundwater
inflow would likely be less than the rate at which the water would evaporate and thus would not flow to the underground
dewatering system. A small allowance (0.06 L/s) has been made in the discharge water estimate to reflect potential
condensation in the ventilation shaft during summer conditions.
The underground dewatering system used for operations will be sized to handle both the aforementioned normal inflow
plus additional groundwater inflow that might occur during a postulated abnormal operations event. In the Preliminary
Safety Report (OPG 2011, Section 6.3.10.4) it was assumed that an abnormal ’in-rush scenario’ would lead to an
additional groundwater inflow of 15 L/s. Further assessment of potential additional inflow due to shaft liner impairments
has been completed (GOLDER 2011, enclosed). This assessment shows that a 1:2500 year seismic event, which is
consistent with the National Building Code of Canada (2010 edition) requirements, could lead to cracking of shaft liners
and an additional 0.1 L/s inflow. A further analysis was conducted for a beyond-design-basis 1:100,000 year seismic
event which resulted in a potential inflow of 3.4 L/s.
References:
GOLDER. 2011. Potential Inflows through Cracked Hydrostatic Concrete Shaft Liner. Golder Associates Ltd. Technical
Memorandum 1011170042-TM-G2100-0001-01 R01. (enclosed)
GOLDER. 2012. Underground Services (WP2-10) Underground Repository Dewatering – Preliminary Estimate of
Groundwater Inflow under Normal Operating Conditions. Golder Associates Ltd. Technical Memorandum No.
1011170042-TM-G2100-0002-02.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Responses to Undertakings from Technical Information Session #1”, CD# 00216-CORR-00531-00132,
August 15, 2012. (CEAA Registry Doc# 692)

EIS-04-152

 Section 8.1,
General
Information and
Design Description

Information Request:
Provide data on the integrity (time period) of each container type to be deposited in the DGR. The period of complete
containment must be provided under external dry conditions and when exposed to the saline formation waters of the
Cobourg Formation.
Confirm that all waste containers to be deposited in the DGR, regardless of age, will meet the most up-to-date regulatory
requirements.
Context:
There are currently in excess of 100 different waste containers that have been used for storage of L&ILW at the Western
Waste Management Facility and that will be transferred to the DGR. The EIS states that the long-term safety of the DGR
in no way relies on the integrity of the waste containers. The release of radionuclides will therefore vary with container
type. An assessment of the consequences, over time, will require data on the anticipated resilience of each container
type.
OPG Response:
This Information Request (IR) is closely related to IR-EIS-04-122. Please see that IR response for additional context and
information.
The assumption of no credit for containers in postclosure safety assessment is conservative, in that it will predict higher
than actual releases of radionuclides, both under dry and wet repository conditions. Therefore, exact degradation rates
and subsequent radionuclide release rates for individual container types are not required for safety assessment
purposes since incorporating any containment and retardation effect of a container will lead to lower impacts. It should
be noted that the ‘saline formation waters of the Cobourg Formation’ are not expected to have any impact on the integrity
of waste containers during the operational phase of the DGR. The DGR is expected to operate in dry conditions due to
the extremely low permeability of the hosting Cobourg Formation.
There are no specific Canadian Nuclear Safety Commission (CNSC) regulatory requirements for radioactive waste
containers to be placed in a repository. The Canadian regulatory system requires a proponent to describe in a
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submission how higher-level CNSC performance requirements are to be met and this submission is then subject to
CNSC review. The wastes to be accepted in the DGR will be controlled by the DGR Waste Acceptance Criteria (WAC).
The preliminary WAC are summarized in Table 4.5.1-3 of the EIS, and include a number of conditions related to the
waste container. These are further described in the response to IR-EIS-04-122.
All waste containers, regardless of age, will be inspected prior to receipt at the DGR to ensure that they meet the WAC.
Any containers not meeting the WAC will be remediated to the extent required to meet the WAC prior to acceptance at
the DGR.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste: Environmental Impact Statement,
00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-153

 Section 13,
Demonstrating the
Long term Safety
of the DGR

Information Request:
Explain how long it will take for the bentonite/sand materials used as the primary shaft seal to saturate with groundwater,
thus generating swelling pressures that aid the development of a tight seal against the shaft wall.
Provide the relevant geologic and hydrogeologic data and assumptions. Include a discussion of the uncertainty
associated with the time estimate. Include this information in an evaluation of the current uncertainty analysis of the
postclosure assessment, with emphasis on how assumptions used in the assessment regarding the issue of shaft
sealing build confidence in the assessment.
Context:
The time required for saturation of the bentonite/sand materials may be considerable, dependent upon the degree of
groundwater inflow from the sides of the shaft and then the migration up and down within the bentonite/sand column
from the point of groundwater inflow. Therefore, the time required for a “tight seal” with the shaft wall may also be
considerable. This has implications for the postclosure safety assessment; in particular, the uncertainty analysis for that
assessment, the “confidence-building” assumptions used in the assessment (as per Table 3.5) and the degree to which
the precautionary (conservative) approach was balanced with realistic assumptions.
OPG Response:
Shaft resaturation was modelled explicitly in the T2GGM model of gas generation and transport which includes
consideration of two-phase flow (e.g., GEOFIRMA and QUINTESSA 2011, Sections 5.1.2, 5.2.2 and 5.3.2).
The shaft seal materials were initially at as-emplaced liquid saturations. For the bentonite-sand sealing material, this
was 80% initial liquid saturation (QUINTESSA and GEOFIRMA 2011, Section 4.7.5). Subsequent to emplacement, the
bentonite-sand resaturates at a rate that is primarily controlled by the ability of the adjacent shaft rock damaged zone
and rock formations to supply water. Relevant data and associated uncertainties for the bentonite-sand seal are
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discussed in Section 4 of the Data report (QUINTESSA and GEOFIRMA 2011), specifically Sections 4.4.3, 4.5.2.2,
4.5.4.2, 4.7.2 and 4.7.5. Relevant data and associated uncertainties for the geosphere and the damaged zone are
discussed in Section 5 of the Data report (QUINTESSA and GEOFIRMA 2011), specifically Sections 5.1, 5.2.1, 5.4.1,
5.4.2, 5.6.1 and 5.6.2.
For most cases for the Normal Evolution Scenario (see Figure 1), resaturation occurs typically in less than 1000 years
(consistent with the insight calculation presented in Box 2, Section 4.3 of the System and its Evolution report,
QUINTESSA 2011). A brief description of the calculation cases is given in Table 3.1 of GEOFIRMA and QUINTESSA
(2011). As shown in the figure, the NE-EDZ1 (increased permeability EDZ) case and NE-AN3 (reduced geosphere
anisotropy) case resaturate faster than the NE-SBC (simplified base case) case, as the damaged zone and rock
formations (respectively) are able to provide a higher groundwater flow rate. For the NE-RC case, where there is gas
present in the adjacent formations, full liquid saturation does not occur. The liquid saturation in the shaft seal stabilizes
at a level determined by the formation pressure and the different two-phase properties of the shaft seal and the adjacent
rock formation.

Figure 1: 3D Model (3DSRS) Model Results for Bentonite-Sand Shaft Material Saturation at
Selected Formations
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For the NE-GG1 (increased gas generation in the repository) and NE-GT5 (as NE-GG1 but also with increased
permeability and reduced gas entry pressures for shaft seal materials) cases, enhanced gas generation causes
repository pressures to increase rapidly, which in turn initiates gas flow up the shaft. This prevents complete resaturation
of the shaft sealing materials below the Guelph Formation. However, as shown in Figure 2, the shaft materials above
the Guelph Formation still resaturate quickly because of their proximity to more permeable rock and would isolate the
biosphere from repository sourced gas.

Figure 2: 2D Shaft Model Results for Bentonite-Sand Shaft Material Saturation at Selected
Formations
The gas flows in the shafts calculated by T2GGM are imported directly into the AMBER safety assessment model (see
Appendix J.4.3 of QUINTESSA 2011). A range of calculation cases with differing assumptions as to the performance
and resaturation rates of the shaft have been evaluated in AMBER for the Normal Evolution Scenario. These are
summarized in Table 1. They show that for a range of conditions, the maximum calculated dose remains orders of
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magnitude below the dose criterion of 0.3 mSv/a.
Table 1: Maximum Calculated Dose for a Range of Calculation Cases with Differing Shaft Seal
Conditions and Resaturation Times
Case

Shaft Seal Conditions

Shaft Seal
Resaturation Time
(a)

Maximum
Calculated Dose
(mSv/a)

NE-RC: reference case

Vertical hydraulic conductivity
in bentonite/sand: 1E-11 m/s
Air entry pressure in
bentonite/sand: 10 MPa

Salina F: n/a
Blue Mountain: max
97% liquid saturation at
20 ka

2E-15

NE-EDZ1: increased
EDZ hydraulic
conductivity

As NE-RC

Salina F: n/a
Blue Mountain: 400 a

2E-11

NE-GG1: increased gas
generation

As NE-RC

Salina F: 850 a
Blue Mountain: 175 ka

9E-11

NE-GT5: increased gas
generation and reduced
shaft seal performance

Vertical hydraulic conductivity
in bentonite/sand: 1E-10 m/s
Air entry pressure in
bentonite/sand: 5 MPa

Salina F: 280 a
Blue Mountain: 125 ka

5E-7

NE-11-DI: increased
gas generation and
reduced shaft seal
performance

As NE-RC but with a 10 cm
interface with vertical hydraulic
conductivity of 1E-9 m/s and
air entry pressure of 1 MPa

Salina F: 75 a
Blue Mountain: 9700 a

8E-11

Salina F: 150 a
Blue Mountain: 240 ka

1E-10

NE-11-GE: increased
As NE-RC initially, then
gas generation with
increased vertical hydraulic
change in seal
conductivity to 1E-10 m/s at
properties at around
around 50 ka
50 ka
n/a - Resaturation not calculated at this horizon.
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References:
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA. 2011. Postclosure Safety Assessment: System and Its Evolution. Quintessa Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-04-154

 Section12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide information relating to design or operating provisions that would be implemented in the event that major
ventilation stoppages occur.
Describe design provisions that would be made in case of failure of a main fan site (such as in the ventilation shaft).
These provisions would maintain a minimum critical airflow until repairs, replacement or maintenance of mechanical
elements of the ventilation system are complete.
Context:
“The ventilation system could fail due to fan or damper electrical or mechanical problems.” A fan network consisting of
pull-type fans in the ventilation shaft, push-type fans on surface at the main shaft and various booster fans in the access
drifts are designed to keep airflow circulating.
OPG Response:
During DGR operations, the surface intake fans draw air through heaters (seasonally) into the intake plenum and to the
main shaft. The quantity will be sufficient to supply the repository, the main shaft headframe and the waste package
receiving building requirements. Primary airflow at the repository level is controlled through the use of the main
underground return air fans located near the base of the ventilation shaft and louvers located at the end of each
emplacement room and in the services area. There is 100% redundancy in the surface supply and underground return
air fans. Failure of one supply or return fan will result in the second fan being used. If both fans are out of service,
notifications will be made to personnel underground to stop work activities and assemble in the refuge station. There is
sufficient air within the repository and refuge station for workers in transition to the refuge station. The refuge station has
an independent air supply from the compressor system. There will be minimum airflow until repairs, replacement or
maintenance of the ventilation system is completed.
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During construction there will be various fan configurations until the underground fans are established (refer to
Section 4.0 of OPG’s written submission to the July 18, 2012, JRP Technical Information Session (OPG 2012)). During
this time, if there is a failure of a fresh air supply fan(s) sufficient to affect air quality, notifications will be made to stop
work and have personnel egress from the area to the refuge station until such a time as the operation of the fan(s) is
restored.
Reference:
OPG. 2012. OPG Letter from A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, Attachment 1 –
Written Submission. CD# 00216-CORR-00531-00123, July 12, 2012. (CEAA Registry Doc# 636)

EIS-04-155

 Section 8.2,
Decommissioning

Information Request:
Figure 4.11.4-2 shows the arrangement of shaft seal components. Provide revised illustrations that include the geologic
horizons (formations), their permeabilities, and the shaft seal components. In particular, show detailed diagrams of the
concrete shaft seal zones and their stratigraphic placement. Indicate the location of the anticipated highly-damaged
zones.
Context:
The long-term integrity of the shaft seals is critical to the permanent closure of the DGR. The materials used at various
depths should match the physical and chemical conditions encountered.
OPG Response:
The requested figure is presented below (note that a larger figure is also enclosed with this submission).
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Figure 1: Deep Geologic Repository Shaft Seal and Excavation Damage Zone: Composite plot of:
i) Bruce nuclear site bedrock stratigraphy; ii) DGR shaft seal design and configuration; iii)
estimated excavation damage zone radius; and iv) estimated formation rock mass hydraulic
conductivities.
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 Section 13.1,
Demonstrating the
Long term Safety
of the DGR

Information Request and Response

Information Request:
Provide verification that the assumed increase in horizontal stress due to glacial loading on the shaft walls and seals will
approximate 2 MPa, and that this is a conservative estimate.
Context:
In Section 4.5.4.2 (p.235) where a summary of shaft seal analysis effects of glacial loading, it is stated that: “… each seal
will be subjected to glacial loading with a maximum vertical pressure of about 30 MPa … An assumed horizontal stress
increase of 2 MPa due to bending of the strata was also imposed in the simulation …” Inasmuch as the maximum
principal pre-existing in situ stress is directed horizontally, the determination of additional horizontal stress action is an
important design feature for the analysis of shaft wall damage and seal performance.
OPG Response:
The analysis of the DGR shaft seal as affected by future glaciations is described in detail by ITASCA (2011, Section 4.4).
The prediction of ice-sheet history and loading for the Bruce nuclear site is based on numerical simulations performed
with the University of Toronto Glacial Systems Model as described by Peltier (2011, Section 4). For the purpose of the
shaft analyses the time history for glacial simulation nn9904, which created the maximum vertical loading (30 MPa), was
assumed as the surface boundary condition. In addition, to ice-sheet vertical load, the geomechanical simulations using
the code FLAC3D also incorporated time variant loading effects resulting from: i) the Poisson’s effect; and ii) crustal
flexure (ITASCA 2011, Section 4.4).
The horizontal stress increase due to the Poisson’s effect was estimated using equation 1:
Δsh = (υ/(1- υ)) Δsv
where:

(1)

Δsh is the change in horizontal stress,
Δsv is the change in vertical stress , and
υ is the Poisson’s ratio.

Crustal flexure occurs as a result of vertical crustal displacements and adjustment during ice-sheet advance and retreat
across the site. This creates non-uniform loading and bending within the crust that can increase horizontal stress. The
increase in horizontal stress due to crustal bending was assumed proportional to the increase in vertical stress, with the
maximum increase assumed to be 2 MPa (ITASCA 2011, Section 4.4)
An example calculation for the Queenston Formation illustrates the approach adopted in the numerical simulations. In
the Queenston Formation, with a Poisson’s ratio of 0.3, the horizontal stress increase due to Poisson’s effect is
estimated at approximately 13 MPa. This change coupled with that resulting from crustal flexure (2 MPa) leads to a total
change in horizontal stress resulting from glacial ice-sheet loading of approximately 15 MPa. In this circumstance the
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approach of accounting for both the Poisson’s effect and crustal flexure yields a conservative loading condition.
References:
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-14 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-157

 Section 10.1.3,
Groundwater

Information Request:
Describe the Westbay MP55 casing system and explain why it was chosen. Compare its advantages and limitations to
other state-of-the art techniques and equipment available for the measurement of ground water pressure, composition,
and hydraulic conductivity in low permeability environments.
Context:
The measurement of ground water pressure, compositions, and hydraulic conductivity in low-permeability ('tight') rock
formations presents considerable challenges. Therefore the measuring technique is important.
OPG Response:
The Westbay multi-level MP55 casing systems installed as part of the DGR geoscientific investigations is described in
INTERA (2011, Section 4.12.2). Installation reports for the DGR-series boreholes 1/2/3/4 are documented by Raven and
Gaines (2010) and Sterling et. al. (2011). The Westbay MP casing system allows the multi-level instrumentation of a
borehole for the purpose of physical and chemical hydrogeologic system characterization. The casing system is modular
in design such that multiple hydraulically isolated test intervals can be individually established and adapted to sitespecific hydrogeologic conditions and information needs. Within each packer-isolated test interval, measurements of
formation fluid pressure, as well as groundwater samples, can be obtained. The MP55 system is specifically designed
for use in deep boreholes and has a long track record of use, including applications in seven international geoscience
radioactive waste management programs (NDA 2011).
The selection of the Westbay Multi-level MP system for the DGR project was based on several factors, as described in
INTERA (2006, Section 5.2.6). Those factors are listed below.


Ability to ensure integrity of packer or borehole seals and monitoring system components for monitoring periods
of 5 years in highly saline groundwater conditions.



Ability to monitor casing system integrity and performance, and, if necessary, the retrieval and replacement of
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system components.


Ability to accurately and reliably measure formation pressures in deep, low-permeability, low-storativity, variabledensity groundwater settings with the possible presence of gas.



Ability to collect representative groundwater and dissolved gas samples under in-situ conditions, with minimal
disturbance.



Flexibility in approaches and methods for hydraulic testing.



Ability to obtain the maximum amount of hydrogeologic information from the maximum number of test intervals in
a borehole in a cost-effective manner.



Demonstrated track record and ability to obtain high-quality data with minimal down time and on-going system
maintenance.



Ability to retrieve the multi-level casing system in the event of borehole abandonment.

For the depths of investigation considered by the DGR program, two alternatives for multi-level monitoring casings –
multiple packer-standpipe/tubing systems and Westbay MP casing systems – existed. Multiple packer-standpipe/tubing
systems can be custom assembled or provided from several different manufacturers in several different borehole sizes
and configurations. The major limitation of such systems is the number of intervals that can be created in a single hole,
which is usually limited to 5 to 10 intervals depending upon the size of borehole, types of packers and standpipe/tubing
used.
Westbay multi-level monitoring systems are available in two sizes – MP38 and MP55 systems – and may be installed in
boreholes ranging from 72 to 225 mm diameter. Currently, MP38 systems (installed in the DGR US-series boreholes)
are only manufactured with plastic casing, while MP55 systems can be manufactured with plastic or stainless steel
casing. Plastic systems have proven performance to depths of 1000 m BGS. MP38 systems are commonly installed in
N- and H-size boreholes. MP55 systems are installable in P-size and conventional oil and gas boreholes. Although no
single multi-level casing system is superior on all factors identified above, the Westbay MP system is judged to provide
greater flexibility and more cost-effective and superior quality data, particularly in low-permeability media, than that
available from multiple packer-standpipe/tubing systems. This finding is consistent with a recent review of multi-level
hydrogeologic monitoring systems conducted by the Nuclear Decommissioning Authority (NDA) in the United Kingdom
(NDA 2011). This report includes a detailed assessment and comparison of available multi-level system capabilities and
performance within low-permeability strata. This information further supports the selection of the Westbay MP55 casing
system as a unique and reliable means to instrument the DGR-series deep boreholes.
References:
INTERA. 2006. Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste. Intera Engineering Ltd. document INTERA 05-220-1, OPG 00216-REP-03902-00002-R00. Ottawa,
Canada. (available at http://www.nwmo.ca/uploads_managed/MediaFiles/545_GeoscientificSiteCharacterizationPlanApril2006.pdf)
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INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NDA (Nuclear Decommissioning Authority). 2011. Measurement of Groundwater Pressure in Low-Permeability Strata
Site Characterization Project Final Report.
Raven, K.G. and S. Gaines. 2010. Westbay MP55 Casing Completions in DGR-1 and DGR-2. Intera Engineering Ltd.
report TR-07-10, Rev. 3. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Sterling, S., S. Gaines and K.E. Raven. 2011. Westbay MP55 Casing Completions in DGR-2, DGR-3 and DGR-4.
Intera Engineering Ltd. report TR-08-17, Rev. 0. Ottawa, Canada.
(available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

EIS-04-158

 Section 13, Long
term Safety of the
DGR

Information Request:
Provide justification for the Cobourg Water Model 2 as being representative of the water that will resaturate the DGR.
Apply the model water, and all of its uncertainties, to the waste corrosion/degradation reactions to derive gas generation
and contaminant mobilization rates, to justify the reaction rates assumed in the simulations.
Context:
For long term performance predictions, the quality of the water assumed to resaturate the repository is described by the
Cobourg Water Model 2. The chemistry of this water is an important factor controlling the evolution of the repository (e.g.
reaction with concrete) and the behavior of contaminants (e.g. sorption and solubility calculations).
The characteristics of the groundwater and porewater chemistry are presented in Table 5.4 in the “Postclosure Safety
Assessment: Data” report, with a statement that “the selected water compositions are the most appropriate ones
reported in INTERA (2011, Sections 4.5.2 and 4.6)”. The porewater data in Table 5.4 are from a single core sample from
DGR-3 (Sample ‘DGR3 680.46’) from which 4 subsamples were analyzed. The basis for adopting this particular sample
to represent the Cobourg Formation porewater is not clearly stated. The outcome is that the concentrations of Ca, Mg, Sr
and SO4 in the model water are inconsistent with the sample used as the basis for its development. Five boreholes
intersect the Cobourg Formation, and thirty samples of drill core from those intersections were analyzed.
Justification is required that the Cobourg Water Model 2 is representative of the water that will infiltrate the repository. In
addition, the model water and all of its uncertainties (from the porewater estimates and subsequent derivation steps)
should be applied to the waste corrosion/degradation reactions to derive gas generation and contaminant mobilization
rates, to justify the reaction rates assumed in the simulations.
OPG Response:
This response is provided in four parts:
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a) an explanation as to why the estimated “DGR3 680.46” porewater composition was used as a starting point for
the derivation of a model porewater;
b) a justification as to why the Cobourg Model 2 porewater is a suitable representative porewater;
c) an explanation of how the Cobourg Model 2 porewater has been used in the postclosure safety assessment; and
d) a discussion of the uncertainties associated with Cobourg Model 2 porewater composition.
a) Selection of Representative Cobourg Porewater Sample
The selection of the porewater sample from the Cobourg Formation reflected the primary purposes of the calculations
(see Section c) below), which were to: 1) calculate potential contaminant solubilities during the release and subsequent
transport of contaminants in water through the shafts and the host rocks; 2) inform insight calculations presented on the
evolution of chemical conditions within the DGR; and 3) evaluate the stability of shaft sealing materials, noting that shaft
seals at different levels will come into contact with water of differing salinity and composition. Simplified conservative
models of contaminant release were employed in the postclosure safety assessment calculations, which were not
sensitive to the precise porewater composition in the Cobourg Formation (see Section c) below).
The porewater chemistry is based on the Cobourg porewater data available at the time of the postclosure safety
assessment. This included data from boreholes DGR2, DGR3 and DGR4. From the available data, the measured
composition of sample “DGR3 680.46” was used as a starting point for the derivation of a model porewater because it
was taken from a depth close to the assumed repository horizon (around 680 m). In addition, it had the minimum salinity
among the Cobourg samples for which data were available.
In contrast, a Guelph model porewater composition was also calculated based on an analysis of groundwater from the
Guelph Formation, which represents the highest water salinity measured within the stratigraphic sequence (opportunistic
groundwater sample OGW-12). Thus, by choosing these Cobourg and Guelph compositions, chemical variations across
the maximum salinity gradient present in the rocks above the repository could be taken into account.
b) Justification for Basis for the Cobourg Model 2 Porewater
Any analysis of a groundwater or porewater will differ from the composition of the natural in-situ water due to processes
that can occur during sampling and analysis, as well as measurement uncertainties. Such effects can never be entirely
eliminated and are expected to be more prevalent for porewater, which must be extracted from the rock matrix prior to
analysis.
Cl and Br will usually behave much more conservatively during extraction procedures than more reactive constituents
such as Ca, Mg, SO4 and Sr. Consequently, measured concentrations of Cl and Br may reflect the in-situ porewater
composition. In contrast, measured concentrations of other elements such as Ca, Mg, SO4 and Sr may include
contributions from both the porewater and from mineral dissolution reactions that occurred during extraction. Measured
concentrations for these elements, therefore, are not necessarily considered to be representative of porewater
concentrations, and are not used directly in the calculation of solubilities. Instead, the approach is to reconstruct a model
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porewater composition using the measured element concentrations, charge-balance, and equilibration with the dominant
minerals present in the formation.
For safety assessment calculations, this approach was applied to porewater data for “DGR3 680.46” as a basis for
estimating in-situ water compositions (Appendix C.2.1 of the Data report (QUINTESSA and GEOFIRMA 2011) using the
geochemical code, PHREEQC. The resulting Cobourg Model 2 porewater is charge-balanced and is also consistent with
the major mineralogy of the rock and the chemical type of the water (i.e., Na-Cl dominated). The Cobourg Model 2
porewater composition is used for the purposes given in Section c) below.
c) Use of the Cobourg Model 2 Porewater in the Postclosure Safety Assessment
The chemical composition of the water in the DGR will be affected by interaction with Cobourg porewater, by the
engineered features in the repository (e.g., concrete floors) and the bulk materials present in the waste packages, and by
any water infiltrating from the shafts. The characteristics of the resulting repository water are described in Section 3.6.2
of the Data report (QUINTESSA and GEOFIRMA 2011).
Given the uncertainties associated with reconstructing porewater compositions and the evolution of repository water
chemistry, a conservative model is adopted in the postclosure safety assessment for the release of contaminants from
the waste, and their subsequent migration through the DGR, that is not sensitive to the precise composition of the
Cobourg Model 2 porewater:





Instantaneous release is assumed for all wastes on contact with water, except for certain ILW waste where the
contamination is present in the matrix of the materials (and so a congruent release is adopted; see Section
8.6.2.2 of the Preliminary Safety Report (PSR) (OPG 2011).
Once released into the DGR, the contaminants are assumed not to be sorbed in the repository (see Section
8.6.2.3 of the PSR).
No solubility limits are applied to the release and migration of contaminants in the DGR, except for C-14, which
is affected by carbon solubility limits since carbonate equilibria control is assumed due to the surrounding
limestone rock (see Section 8.6.2.2 of the PSR).
The waste corrosion/degradation rates used in the modelling are applicable to the range of expected water
chemistries in the DGR. These are given in Sections 3.6.5 and 3.6.6 of the Data report (QUINTESSA and
GEOFIRMA 2011) and their derivation is described in Appendix E and F of the report.

Although the Cobourg Model 2 porewater is not directly used in the postclosure safety assessment’s contaminant
release and repository migration calculations, it is used as follows:


Derivation of possible solubility limits in the repository. However, as noted above, only carbon is assigned a
solubility limit within the repository (see Section 3.6.3.2 of the Data report, QUINTESSA and GEOFIRMA 2011).



Derivation of possible solubility limits in the geosphere. C, Cl, Cr, Zr, U, Np and Pu solubility limits are provided
in the deep and intermediate geosphere in Section 5.5.1.2 of the Data report (QUINTESSA and GEOFIRMA
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2011). However, the actual postclosure safety analysis conservatively did not include any solubility limits in the
geosphere (see for example Appendix C of the Normal Evolution Scenario report, QUINTESSA 2011a).


Insight calculations presented in Appendix C of the System and its Evolution report (QUINTESSA 2011b) on the
chemical evolution of the DGR.



Insight calculations presented in Appendix E of the System and its Evolution report (QUINTESSA 2011b) on the
evolution of the bentonite-sand seal. These calculations explored the possibility that: 1) cation exchange might
affect swelling pressure (Section E.2 of QUINTESSA 2011b); 2) illitization might occur by reaction between
smectite and K in the porewater (Section E.3 of QUINTESSA 2011a); and 3) that saponite might form by
reaction between the smectite and Mg in the porewater (Section E4 of QUINTESSA 2011b). It is concluded that
these processes will not significantly reduce seal performance.



Insight calculations presented in Appendix G of the System and its Evolution report (QUINTESSA 2011b) on the
potential for host rock dissolution by CO2, which concluded that there would be no significant effect.

d) Cobourg Model 2 Porewater Uncertainties
Uncertainties associated with the Cobourg Model 2 porewater composition have been examined. Table 1, below,
summarizes the chemical composition of the Cobourg Model 2 porewater and the porewater sample “DGR3 680.46”
from which it was derived. It also provides the maximum, minimum and average element concentrations measured for
all porewater samples from the Cobourg Formation (i.e., from boreholes DGR-2 through DGR-6). The Guelph model
porewater composition is provided for comparison. Cobourg Model 2 and Guelph model porewater compositions are
taken from Tables C.3 and C.8 of QUINTESSA and GEOFIRMA (2011), respectively, and converted to mg/L.
Table 1 shows that there is variability in the measured parameter values between samples. This variability is likely due,
in part, to chemical perturbations inherent in sampling and analysis and to uncertainties in the principal parameters, such
as water content/rock porosity (particularly in the low-porosity, <2%, Ordovician carbonate rocks) to which the measured
concentrations were corrected. Any real variations in porewater chemistry are presumed to be smaller than the
variability due to perturbations in sampling and analytical uncertainties because: (1) there does not appear to be any
systematic differences in the measured porewater compositions between different samples from any given depth/rock
formation in the different boreholes; and (2) there are relatively large differences in measured porewater compositions
from samples in the same borehole that are only a few metres apart.
The table shows that, despite some differences, the Cobourg Model 2 porewater is a reasonable estimate of the
composition of the resaturation porewater, relative to the full Cobourg porewater dataset. The Cobourg Model 2 water
has lower Mg than reported in the porewater analyses since the Cobourg Model 2 water was equilibrated with respect to
dolomite and calcite, whereas the corrected porewater data were equilibrated with respect to calcite. The lower Cl
content of the Cobourg Model 2 water, compared to the mean of the reported porewater analyses, arises from the
charge balance constraint, consistent with the reduction in Mg due to dolomite equilibration.
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Table 1: Summary of Porewater Chemical Compositions (mg/L) *
Parameter

TDS

Na

Ca

Mg

K

Sr

Cl

Br

SO4

B

Guelph Model
Porewater

373,0
00

105,0
64

31,58
1

554

3,663

716

229,7
35

1,717

442

Not
determin
ed

1,863

177

1,415

177

4,731

173

170

49

91,70
8

325

Cobourg Model 2 214,0
59,54
17,32
123,3
9,539
236
167
1,822
Porewater
00
4
1
76
Porewater
260,3
59,51
22,09
17,30
178,9
sample “DGR3
9,529
1,868
1,824
62
4
9
1
56
680.46”
Average of all
Cobourg
283,9
57,03
27,99
13,84
15,70
188,4
1,459
1,745
porewater
37
7
8
8
1
38
samples
Minimum value
of all Cobourg
160,7
29,59
91,45
109
4,573
8,593
584
773
porewater
14
0
3
samples
Maximum value
of all Cobourg
365,6
72,89
46,67
35,15
28,24
252,4
3,207
2,537
porewater
74
4
1
7
0
89
samples
Note: * Dissolved inorganic carbon species were not analyzed and are not included in the table.

The effects of these differences were evaluated during the postclosure safety assessment.


Solubility calculations were undertaken based on a more saline model porewater composition, based on an
opportunistic groundwater sample (OGW12) from the Guelph formation. These showed that solubilities and
solubility-limiting phases are similar to those calculated using the Cobourg Model 2 porewater composition
(Tables C.8 and C.10 in QUINTESSA and GEOFIRMA 2011).



Table E4 of QUINTESSA (2011b) presents published data for the swelling pressures of both Na-exchanged and
Ca-exchanged smectite.



The K concentration used in the calculation of illitization was taken from the Cobourg Model 2 porewater. At the
low ambient temperature of the DGR, it was concluded that there would be no illitization over the assessment
timeframe of 1 Ma. Using the maximum concentrations of K reported for the Cobourg from Table 1 above, this
conclusion does not change, owing to the strong temperature-dependence of illitization.
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The calculations exploring saponite formation in the bentonite seals were performed using the Cobourg Model 2
porewater concentration for Mg. However, the effect of higher Mg concentrations was discussed (pages E-6 and
E-7 of QUINTESSA 2011b). It was concluded that much higher Mg concentrations than those used in the
calculations would probably cause saponite to form, given a sufficiently long time, but that it is unlikely that
significant degradation of the hydraulic properties of the bentonite will occur. Subsequent geochemical
modelling has supported this conclusion.

The overall conclusion is that the postclosure safety assessment results are not sensitive to the reported chemical
variations among the Cobourg porewater data because a conservative model was adopted for contaminant release and
migration in the DGR that is not sensitive to the precise porewater composition. The shaft seals have been shown to be
robust to a broad range of porewater compositions.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA. 2011a. Postclosure Safety Assessment: Normal Evolution Scenario. Quintessa Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA. 2011b. Postclosure Safety Assessment: System and its Evolution. Quintessa Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
(available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
EIS-04-159

 Section 8.3,
Operation
 Section11.4.1,
Geology and
Geomorphology

Information Request:
Perform kinetic leach tests on existing core samples for the horizons that have mineralization and provide the results.
Based on the results of the kinetic leach tests, carry out solute transport modeling to estimate contaminant loadings (total
dissolved solids, metal concentrations and pH in the drainage water) from waste rock to surface water and shallow
groundwater.
Note: This IR is a follow-up to JRP IR EIS-02-34.
Context:
The existing information is insufficient to characterize the potential impact of waste rock drainage.
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OPG Response:
This response was prepared in consideration of the reference to Information Request (IR) EIS-02-34 (OPG 2012a). It is
assumed, based on that response, that zones of mineralization refers to the Ordovician shales that are intersected within
the vent and main shaft only and represent approximately 4% by volume the rock to be placed in the Waste Rock
Management Area (WRMA) and which will be stored in a temporary stockpile within the WRMA. GOLDER (2011, Table
3) reports that the highest concentrations of trace metals (As, Cu, Co, Ni, Pb, Tl and Zn) are found in the shale
sequence.
As reported in GOLDER (2011) and in OPG’s response to IR-EIS-03-96 (OPG 2012b), the results of short-term
laboratory leach testing indicate a potential for some metals (aluminum, boron, cobalt, thallium and vanadium) to leach at
concentrations slightly above the Provincial Water Quality Objectives (MOEE 1994). However, these tests are
considered to be conservative and not fully representative of weathering and other processes likely to occur in the field.
Further preliminary water quality modelling being completed in support of the design of the stormwater management
pond has identified no potential concerns with metals in the stormwater pond discharge as a result of leaching from the
waste rock.
Kinetic testing is designed to provide an indication of how materials will react over time. For sulphidic materials, humidity
cell testing is the standard kinetic test that measures the weathering of sulphide minerals. Other kinetic tests are
intended primarily to measure secondary mineral precipitation and dissolution weathering characteristics (MEND 2009).
Neither of these tests are directly applicable to the DGR Project because much of this testing is directed towards
characterizing sulphidic materials in areas of mineralization, which as described above, are not observed in large
quantities at the DGR site and are therefore not expected to control the drainage chemistry. In addition, these kinetic lab
tests have inherent uncertainties and, when the results are applied to predictive modelling, would not provide more
certainty than the short-term leach results. In fact, the short-term leach results have been used in a conservative way
because it was assumed that the concentrations leaching from the waste rock are the same through the life of the
project, and do not decrease with time as would be expected.
The guidelines presented in Price (1997), MEND (2009) and INAP (2012) are largely meant for geochemical
characterization of sulphidic deposits and advocate for a phased approach with respect to geochemical characterization.
Static testing (which includes short-term leach testing) is the first phase of geochemical characterization, and is a
precursor to kinetic testing. Kinetic testing is commonly required to assess the relative rates of the various acid rock
drainage and metal leaching reactions over time. Field-scale leach tests may be initiated to provide a better
representation of material reactivity for specific waste rock management area conditions. Kinetic testing is typically only
performed if static tests indicate a potential for acid generation or metal leaching. Given that the results of the
geochemical testing (GOLDER 2011) indicated no potential for acid generation, the overall sulphide content was low,
and the leachate concentrations were not significantly above the criteria (Provincial Water Quality Objectives), kinetic
testing was not recommended.
While small-scale field cells can also be designed to measure the drainage conditions under ambient conditions, field
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cells are not appropriate in this circumstance because of the short length of construction. By the time the target rock had
been excavated, and meaningful data obtained from the field test charges, the full target waste rock piles will already be
in place, and monitoring data from these waste rock piles would provide the data that the small-scale field cell results
were intended to provide.
In addition, the DGR Project has already been designed to mitigate potential environmental effects of the waste rock
piles, specifically the Ordovician shales. This includes using the shale in berms and capping the pile if it is not used after
one year. Given the low permeability of the dense glacial till underlying the WRMA, no appreciable migration of the
waste rock leachate into the groundwater is expected, as described in OPG’s response to IR-EIS-03-57 (OPG 2012c). A
shallow groundwater monitoring program is being commissioned in 2012 to establish baseline groundwater conditions
and allow for the detection of future WRMA effects, if any, on the groundwater system during DGR construction and
operations.
As the waste rock pile will develop slowly during the first year while the shafts are being excavated, a reasonable
approach to confirm the geochemical properties and modelling predictions would be to monitor the waste shale rock as it
is excavated, as well as the drainage chemistry from the WRMA. Should monitoring results indicate that the waste shale
rock pile is behaving differently than suggested by the laboratory data, adjustments can be made such as removing the
shale from the site, covering the shale pile earlier or changing runoff collection routing, to ensure proper mitigation and
treatment, as described further in the response to IR-EIS-04-130.
References:
INAP. 2012. International Network for Acid Prevention. The GARD Guide. Accessed on August 7, 2012 from
www.gardguide.com.
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository (DGR). Golder
Associates Ltd. Technical Memorandum from C.McRae to D.Barker (NWMO). (included in CEAA Registry Doc# 523)
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND Report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
MOEE. 1994. Water Management Policies Guidelines, Provincial Water Quality Objectives of the Ministry of
Environment and Energy. PIBS #3303e.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115, June 1,
2012. (CEAA Registry #523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry #608)
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OPG. 2012c. Attachment 1 to OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low
and Intermediate Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216CORR-00531-00126, August 9, 2012. (CEAA Registry #682)
Price, W.A. 1997. Draft Guidelines and Recommended Methods for the Prediction of Metal Leaching and Acid Rock
Drainage. BC Ministry of Employment & Investment, Energy and Minerals Division.

EIS-04-160

 Section 8.3,
Operation
 Section11.4.1,
Geology and
Geomorphology

Information Request:
Provide a detailed waste rock monitoring program that:



Verifies predictions made during the EA regarding waste rock characterization and leachate quality; and
Evaluates the effectiveness of measures that have been implemented to prevent and control contaminant
leaching.

The waste rock monitoring program should include the following:
1.
2.
3.

confirmation (during construction) of mineralogy as well as contaminant levels in rock for each horizon;
testing should there be potential for risk based on solids characterization; and
management plans (e.g., segregation of problematic waste) if risk is confirmed.

Note: This IR is a follow-up to JRP IR EIS-02-34.
Context:
The waste rock monitoring program should continually inform the management of waste rock on-site. Potentially
problematic waste rock may need to be segregated (placed into a different pile). Monitoring of changes in water quality
due to the waste rock pile should be carefully tracked over time to ensure that predictions about contaminant loadings
are still being met.
The Canadian Nuclear Safety Commission recommends using the following for general guidance:
Price W.A. (2009) Prediction manual for drainage chemistry from sulfidic geologic materials. MEND Report 1.20.1.
OPG Response:
The waste rock monitoring program will include collection and geochemical testing of rock samples from each major
horizon during shaft sinking, at a maximum interval of 50 metres. These results will provide an early indication of any
substantial variance from the acid generation potential, elemental content and metal leaching potential as presented in
the EIS. On-going geological characterization carried out with the Geoscientific Verification Plan (NWMO 2011) will
include examination for hydrocarbon occurrence that may require mitigation within the waste rock management area
(WRMA).
As described in the response to Information Request (IR) EIS-04-159, the guidelines presented in MEND (2009) are
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largely meant for geochemical characterization of sulphidic deposits and are not entirely applicable to the DGR Project.
However, waste rock testing will include elemental composition (by aqua regia digestion and XRF), acid-base
accounting, and short-term leach testing (modified from ASTM D3987 for a 4:1 water to rock ratio).
Waste rock monitoring will be concurrent with surface water quality monitoring and each will complement and inform the
other. Surface water samples will be submitted for laboratory analysis for metals, anions and salinity, among others, and
will provide additional assurance that the waste rock and its leachate have been accurately characterized. These data
will also provide information that can be used to design additional mitigation measures if required.
At least one surface water monitoring location will be sited immediately downstream of the WRMA in order to
characterize the runoff prior to discharge to the stormwater management pond. Samples will be collected quarterly at a
minimum throughout the site preparation and construction phase as described in the EA Follow-up Monitoring Program.
Depending on the results of the rock monitoring program described above, additional surface water samples may be
collected in order to further characterize “first flush” events (spring runoff and the first rainfall after a prolonged dry
period). Because of the variability of site conditions (waste rock characteristics and seasonal variations in precipitation
and runoff events), the timing and frequency of the sampling will be determined in the field to best observe and
understand the characteristics of the WRMA runoff.
If the waste rock monitoring program results indicate that the rock leachate varies significantly from predicted
characteristics, continuous monitoring at the surface water monitoring location may be implemented. A water quality
monitor may be used in the field to measure electrical conductivity (EC) and pH. The EC values can be plotted against
rainfall events; changes in EC could be correlated to the laboratory analysis and could potentially be used to identify
trends in water quality.
The groundwater monitoring program described in the EA Follow-up Monitoring program includes routine (quarterly)
sampling from monitoring wells situated in the uppermost aquifer immediately downgradient of the WRMA. This
groundwater monitoring, implemented in 2012 to establish baseline and background conditions, would allow the
influence of WRMA operation on groundwater quality to be observed, were it to occur.
As shown on the surface facility layout in OPG’s presentation to the Technical Information Session on July 18, 2012
(OPG 2012, Slide 11), the waste rock will be segregated at surface into three areas based on the type of rock
(dolostones, shales, limestone). The shale and dolostones resulting from the shaft excavations will either be reused
onsite or covered within one year of excavation, therefore further segregation is not proposed. Additionally, the rock
reused in berms will be covered, providing further means to manage and redirect runoff.
The majority of the waste rock will come from the excavation at the repository level. During the first year of underground
development, the volume of rock excavated will be relatively small. Monitoring results characterizing the initial waste
rock at the repository horizon will be available before the majority of rock from this horizon is brought to surface. These
rock characteristics will be used to confirm whether proposed surface water management strategies are appropriate.
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References:
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND Report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
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OPG Responses to the Joint Review Panel EIS Information Request Package 5
IR#

EIS-05-161

EIS Guidelines
Section
 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request and Response

Information Request:
a) Provide the 24+ Plates referred to in the Seismic Hazard Assessment (e.g. section 3.2.1).
b) Provide the fractile seismic hazard values plotted on figure 5.1 and later in a table.
Context:
The Seismic Hazard Assessment (DGR-TR-2011-20) refers to 24+ Plates (e.g. section 3.2.1), which could not
be found in the referenced document or on the enclosed CD. These figures display maps of the seismic source
zones used, and are important in assessing the model used to produce the seismic hazard values against which
the stability of the DGR is assessed.
The fractiles represent the spread of the uncertainty in the seismic hazard values and give context to the
reliability of the seismic hazard values.
OPG Response:
a) The 24+ plates referred to in Section 3.2 (Plates 1 to 26) and Section 3.3 (Plates 27 and 28) in Chapter
3 of the Seismic Hazard Assessment report (AMEC GEOMATRIX 2011) are enclosed.
b) The fractiles presented in Figure 5.1 to 5.3 in AMEC GEOMATRIX (2011) are tabulated below.
Table 1: Figure 5.1 Tabulated Data
Peak Ground
Accel. (g)

Exceedance Frequency
Mean

0.001
0.010
0.020
0.030
0.050
0.100
0.200
0.300
0.500

4.29E-02
2.48E-03
7.30E-04
3.31E-04
1.18E-04
3.06E-05
8.86E-06
4.23E-06
1.53E-06
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5th%

16th%

50th%

1.86E-02
4.57E-04
1.00E-04
4.07E-05
1.35E-05
3.55E-06
1.00E-06
4.57E-07
1.45E-07

2.51E-02
8.13E-04
1.91E-04
7.94E-05
2.63E-05
7.08E-06
2.04E-06
9.33E-07
3.09E-07

3.80E-02
1.78E-03
4.79E-04
2.09E-04
7.41E-05
2.00E-05
5.75E-06
2.69E-06
9.33E-07

84th%
6.17E-02
3.98E-03
1.20E-03
5.37E-04
1.91E-04
5.13E-05
1.48E-05
7.08E-06
2.57E-06

95th%
8.32E-02
7.08E-03
2.24E-03
1.05E-03
3.72E-04
9.33E-05
2.69E-05
1.29E-05
4.90E-06
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0.700
1.000
2.000
3.000
5.000

7.25E-07
3.02E-07
4.14E-08
1.08E-08
1.78E-09

5.89E-08
2.00E-08
2.00E-09
7.94E-10
6.03E-10

1.35E-07
4.90E-08
5.37E-09
1.48E-09
6.61E-10

4.27E-07
1.70E-07
2.00E-08
5.01E-09
1.12E-09

1.20E-06
5.01E-07
6.76E-08
1.74E-08
3.39E-09

2.40E-06
1.05E-06
1.55E-07
4.37E-08
8.71E-09

10.000

1.72E-10

< E-10

< E-10

6.17E-10

8.51E-10

1.38E-09

Table 2: Figure 5.2 Tabulated Data
10 Hz
Spectral
Accel. (g)

Exceedance Frequency
Mean

5th%

16th%

50th%

84th%

95th%

0.001
0.010
0.020
0.030
0.050
0.100
0.200
0.300
0.500
0.700
1.000
2.000
3.000
5.000

6.53E-02
6.28E-03
2.30E-03
1.18E-03
4.74E-04
1.23E-04
3.06E-05
1.38E-05
5.03E-06
2.51E-06
1.14E-06
2.00E-07
6.14E-08
1.15E-08

3.31E-02
1.95E-03
5.62E-04
2.46E-04
8.13E-05
1.70E-05
3.80E-06
1.62E-06
5.37E-07
2.51E-07
1.05E-07
1.45E-08
4.27E-09
1.12E-09

4.27E-02
2.95E-03
9.12E-04
4.17E-04
1.45E-04
3.24E-05
7.59E-06
3.31E-06
1.15E-06
5.37E-07
2.29E-07
3.31E-08
8.91E-09
1.86E-09

6.31E-02
5.37E-03
1.82E-03
8.91E-04
3.31E-04
8.13E-05
2.00E-05
8.91E-06
3.16E-06
1.55E-06
6.76E-07
1.05E-07
3.02E-08
5.62E-09

8.71E-02
9.33E-03
3.55E-03
1.86E-03
7.59E-04
1.95E-04
4.90E-05
2.24E-05
8.32E-06
4.17E-06
1.91E-06
3.24E-07
9.55E-08
1.78E-08

1.05E-01
1.38E-02
5.75E-03
3.16E-03
1.38E-03
3.80E-04
9.55E-05
4.27E-05
1.55E-05
7.94E-06
3.72E-06
6.92E-07
2.24E-07
4.47E-08

10.000

9.46E-10

6.17E-10

6.46E-10

8.51E-10

2.04E-09

4.68E-09
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Table 3: Figure 5.3 Tabulated Data
1 Hz
Spectral

Exceedance Frequency

Accel. (g)

Mean

5th%

16th%

50th%

84th%

95th%

0.001
0.003
0.010
0.020
0.030
0.050
0.100
0.200
0.300
0.500
0.700
1.000
2.000
3.000

4.09E-02
1.31E-02
2.33E-03
6.48E-04
2.72E-04
7.91E-05
1.12E-05
1.16E-06
2.89E-07
5.10E-08
1.67E-08
5.03E-09
4.11E-10
8.07E-11

1.51E-02
3.16E-03
2.57E-04
3.55E-05
9.12E-06
1.38E-06
1.02E-07
8.71E-09
2.46E-09
7.59E-10
6.31E-10
< E-10
< E-10
< E-10

2.04E-02
4.79E-03
4.90E-04
8.32E-05
2.51E-05
5.01E-06
4.57E-07
3.63E-08
8.71E-09
2.00E-09
1.02E-09
6.61E-10
< E-10
< E-10

3.63E-02
1.07E-02
1.59E-03
3.55E-04
1.26E-04
2.88E-05
3.24E-06
3.16E-07
7.76E-08
1.35E-08
4.68E-09
1.82E-09
6.61E-10
6.03E-10

6.31E-02
2.19E-02
4.27E-03
1.20E-03
5.01E-04
1.41E-04
1.70E-05
1.62E-06
4.17E-07
7.94E-08
2.57E-08
8.51E-09
1.20E-09
6.61E-10

8.13E-02
3.09E-02
6.92E-03
2.24E-03
1.02E-03
3.24E-04
4.79E-05
4.57E-06
1.12E-06
2.09E-07
7.08E-08
2.19E-08
2.40E-09
9.33E-10

5.000

8.36E-12

< E-10

< E-10

< E-10

6.03E-10

6.31E-10

References:
AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix Inc. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-20 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-05-162

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide information or strategies that will be adopted to ensure the integrity of the DGR if future generations of
hydrocarbon explorers deem that shale gas/shale oil potential of the Collingwood and Blue Mountain formations
are economically feasible.
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Context:
Various technical supporting documents state that there are no commercial flows of hydrocarbon known near the
DGR, but also indicate that there are minor oil seeps, oil staining and petroliferous odours which were
encountered in the drilling from many horizons in the Sherman Falls, Cobourg, Collingwood and Blue Mountain
formations. These indicators suggest some petroleum and some porosity and permeability in the stratigraphic
horizons of interest, which may attract exploration interest in future (e.g. the shale oil potential of the
Collingwood and Blue Mountain might be attractive).
Additionally, only a tiny proportion of the exploration wells drilled in Ontario are located in the regional study area
(RSA), yet they have discovered 12 oil and gas pools (which is a successful ratio). The risk of later exploration
drilling may be low in today's economic climate, but could be much higher in future.
No reference to any quantitative assessment of the hydrocarbon potential of the RSA (either referenced from the
literature, or conducted by the proponent) as been provided. The risks/uncertainties of future hydrocarbon
exploration, and, possible consequent disruptions to the DGR, have not been adequately described in the EIS
OPG Response:
OPG’s understanding of the distribution of hydrocarbon-related features, both at the site scale and regionally
around the Bruce nuclear site, indicates that there are no economically feasible concentrations of hydrocarbons.
The following information is presented in order to provide additional information regarding the integrity of the
proposed DGR with respect to potential future hydrocarbon exploration within the Paleozoic sedimentary rocks
beneath the Bruce nuclear site. Similar assessments have also been presented in OPG’s response to
Information Request (IR) EIS-01-24 (OPG 2012a) and EIS-01-24 (addendum) (OPG 2012b).
In addition to the fact that information indicates that there are no economical feasible concentrations of
hydrocarbons near the DGR project site, it is anticipated that institutional controls will be put in place as part of
the Licence to Abandon granted by the Canadian Nuclear Safety Commission that would involve land zoning
restrictions that would prevent the authorization of deep drilling near the DGR site.
Hydrocarbon Occurrences Beneath the Bruce Nuclear Site
Hydrocarbon occurrences in rock core obtained beneath the Bruce nuclear site were represented by: i)
bituminous laminations; ii) bituminous odor; or iii) trace oil seeps. All occurrences were observed in discrete
(discontinuous) locations within core section intervals (INTERA 2011, Section 3.7.4.2; NWMO 2011, Section
2.3.6). The region of highest total organic carbon (TOC; weight %) content, which peaks at 2.5 wt %, is well
constrained and concentrated within a metre-scale zone at the Collingwood and Blue Mountain formation
contact. Estimated rock mass hydraulic conductivities within the Ordovician sediments range between 10-11 and
10-15 m/sec (INTERA 2011, Section 4.13.4 and Section 4.15). Such trace hydrocarbon occurrences in rock core
from boreholes DGR-1 to -6 and the highly localized and thin nature of the peak TOC horizon, coupled with the
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observed low rock mass hydraulic conductivities, is inconsistent with the existence of economically viable
hydrocarbon reserves.
Low Thermal Maturity
Thermal maturity is defined as an estimate of the degree to which organic metamorphism has progressed, giving
an approximate measurement of the maximum temperature to which the rock has been subjected (Engelder
2011, Section 4.6). Burial curves for the Michigan Basin show considerable variation in maximum depth
depending on the distance from the central portion of the basin. Beneath the Bruce nuclear site, on the eastern
flank of the Michigan Basin, the sediment burial history indicates maximum total depth of approximately 1.5 to
2.0 km. This suggests a low degree of thermal maturity within the Ordovician sediments, with maximum
temperature that barely reached the oil window and is unlikely to have created potential for shale gas generation
(Engelder 2011, Section 5). Further information providing context regarding the degree of thermal maturity is
presented in NWMO (2011, Section 2.2.5.3).
Historical Hydrocarbon Exploration
Historical oil and gas drilling records were reviewed as part of the hydrocarbon resource assessment (AECOM
and ITASCA CANADA 2011, Section 8.1). These Ontario Ministry of Natural Resource records (since 1930)
indicate that 27 oil and gas well records exist for the region within 40 km radius of the Bruce nuclear site. In
terms of status, 25 of these wells are recorded as abandoned without discovery of oil or gas and 2 are unknown.
The 2 unknown wells are within or shallower than the Silurian sediments (i.e., did not intersect the underlying
Ordovician cap rock) between 18 and 40 km from the Bruce nuclear site. Information related to these well
records is attached to this response as Table 1 below. This information supports the assessment of low
hydrocarbon resource potential within the vicinity of the Bruce nuclear site.
The information presented above, as well as the additional information included in OPG’s response to IR-EIS01-24 and IR-EIS-01-24 (addendum), provide a reasoned basis to characterize the shale gas/ shale oil
hydrocarbon potential in the vicinity of the Bruce nuclear site as low.
Safety Assessment – Disruptive Scenarios
In addition to the above assessment, DGR integrity is addressed through numerous Postclosure Safety
Assessment disruptive scenarios (QUINTESSA et al. 2011, Section 5.0), including the Human Intrusion scenario
(QUINTESSA et al. 2011, Sections 5.2.2 and 6.2.2). The Human Intrusion scenario explores the public dose
consequence of inadvertent human intrusion into the DGR if a borehole is drilled through the Blue Mountain and
Collingwood formations and into the repository, and gases and material from the repository are not contained.
The results, described in detail in Section 7.2.1 of QUINTESSA et al. (2011), suggest that calculated doses, for
about 10,000 years after repository closure, could be about 1 mSv for the drill crew and for a future person
farming on the contaminated site. The likelihood of drilling into the repository in any given year is very low due
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to the proposed depth, the lack of mineral resources and the repository’s small footprint, and high contaminant
releases are unlikely when following standard deep drilling practices. Thus, the risk of serious health effects is
low, and much less than the reference health risk criterion of 10-5/a (OPG 2011, Section 8.1.2).
Table 1: List of Historical Exploration Boreholes within 40 km Radius of the Bruce Nuclear Site
Well
Licence
Number

Well Name

Well Status*

Total
Depth
(TD)
(metres)

Formation
at TD

Plug Date

Distance
from
Bruce site
(km)

1

F012061

Lake St Clair
Gasfields, Kinloss 69 – I

Abandoned
Well

1021.38

Precambrian

19-Mar-56

38.5

2

F012063

Felmont Oil, Huron 10 – I

Abandoned
Well

568.76

Cabot Head

21-Jan-59

37

3

F012066

Felmont Oil, Huron 31 – I

Abandoned
Well

566.93

Cabot Head

24-Apr-56

34.5

4

F012077

Dominion Gas Smyth No.1, Culross
- 18 – XIII

Abandoned
Well

726.6

Cobourg

12-Sep-41

36

5

F012078

Imperial Oil, Huron 9 – XI

Abandoned
Well

507.49

Guelph

11-Aug-56

27

6

F012090

Imperial 167 S.T. No.
7, Brant - 25 – IN

Unknown

64.01

Unknown

unknown

39.5

7

F012093

Abandoned
Well

35.05

Salina G
Unit

22-Jul-48

38

8

F012102

Abandoned
Well

890.9

Cambrian

20-Jan-42

6.5

9

F013552

Kincardine Salt,
Kincardine

Unknown

342.9

Unknown

unknown

18

10

T001720

B.P. Exploration
Triad, Saugeen - 29
– II

Abandoned
and Junked
(Lost)

315.47

Manitoulin

07-Jul-64

20

Imperial (172) S.T.
No. 8, Brant - 10 –
IVN
Union Gas Co. Kincardine No.1 -J.J.
Sem
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11

T001720A

BP Triad, (A),
Saugeen - 29 - II

Abandoned
Well

722.38

Precambrian

02-Aug-64

20

12

T001892

Home C.D.R.,
Saugeen - 12 - I

Abandoned
Well

770.5

Precambrian

25-Mar-65

14

13

T001925

BP Triad, Kincardine
- 17 – VIII

Abandoned
Well

912.9

Precambrian

06-Apr-65

15

14

T001942

BP Home, Kincardine
- 57 – C

Abandoned
Well

897.9

Precambrian

11-Mar-66

8

15

T002238

Texaco No.4 Home
C.D.R., Bruce - 1 –
VIII

Abandoned
Well

850.4

Precambrian

18-Jan-67

6

16

T002636

Texaco No.6 Bruce 8E-IV, Bruce - E – IV

Abandoned
Well

881.5

Cambrian

06-Feb-69

3.5

17

T002663

Abandoned
Well

608.69

Cabot Head

18-Apr-69

33

18

T002730

Abandoned
Well

429.46

Cabot Head

04-Jun-69

28.5

19

T003350

Barr MacKinnon No.
1, Bruce - 12 – IX

Abandoned
Well

393.8

Cabot Head

18-Mar-72

11

20

T003387

Barr Cormack No. 1,
Bruce - 22 – XIII

Abandoned
Well

335.89

Cabot Head

18-May-72

17

21

T003535

FITZGERALD, Huron
1 - 33 - LR

Abandoned
Well

583.69

Cabot Head

28-Mar-73

26.5

22

T003553

FITZGERALD,
Kinloss 3 - 6 – IX

Abandoned
Well

511.45

Cabot Head

09-Aug-73

32

23

T003588

FITZGERALD,
Kincardine 1 - 14 –
VIN

Abandoned
Well

481.89

Cabot Head

29-May-73

15

PINETREE MIDNORTHERN NO.1,
Huron - 63 – I
PINETREE ET AL
NO.1, Greenock - 3 –
IN
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24

T003656

JACKLIN, Ashfield 44 – FCNPA

Abandoned
Well

643.13

Cabot Head

18-Oct-73

33.5

25

T003684

THIMAC, Ashfield 2 6 – XIIIWD

Abandoned
Well

612.34

Cabot Head

18-Apr-74

37

26

T004854

Pacific, Greenock 1 32 – VIII

Abandoned
Well

894

Precambrian

14-Feb-79

23.5

27

T004910

Amoco A-1,
Kincardine 2 - 31 – V

Abandoned
Well

909

Precambrian

25-Jul-79

21.5

Note: * There are several designations for decommissioned boreholes (Abandoned Well, Abandoned and Junked
(Lost), Unknown, Suspended), as well as wells which are still in use (Active). The usage of this terminology is as
follows:
 Active - A well which is in active operation in accordance with the purpose for which it is licensed.
 Abandoned - A well which is officially plugged and abandoned.
 Abandoned & junked (lost) - A well abandoned because of mechanical difficulties in the hole.
 Unknown - A well for which there is no available information on mode in Ministry records.
 Suspended - A well that failed to achieve or is no longer being used for its licensed purpose, and the well has not
been plugged.

References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15
R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety
Report. Ontario Power Generation report 00126-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, ”Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-0053100108, March 9, 2012. (CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1
Responses”, CD# 00216-CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-05-163

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.3,
Groundwater
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.3,
Groundwater
 Section 12,
Accidents,
Malfunctions
and Malevolent
Acts

Information Request:
Provide a discussion of the risks and mitigation measures that are proposed to address the potential migration of
contaminated groundwater in the Shadow Lake Formation if it were to move up-dip toward the crest of the
Algonquin Arch toward the shallow groundwater zone.
Context:
There is no discussion of the possible presence of permeable sandstone facies in the Shadow Lake Formation,
its possible hydrologic continuity with the underlying permeable Cambrian sandstones (as is the case on the
south side of the Arch), and the resulting potential migration path of contaminated groundwater up-dip toward
the crest of the Algonquin Arch and toward the shallow groundwater zone.
OPG Response:
The eastward up-dip migration of potentially contaminated groundwater toward the crest of the Algonquin Arch
and the shallow groundwater zone poses a low risk to the passive long-term safety of the repository.
As described in OPG’s response to Information Request (IR) EIS-04-126 (OPG 2012a), alternative simulations
of increased hydraulic conductivity within the Shadow Lake Formation (thickness ~5 m; hydraulic conductivity (K)
~10-9 m/s) were not performed in the regional modelling simulations; however, a sensitivity case was run in
which the upper 20 m of the Precambrian surface beneath the entire regional domain was assigned a hydraulic
conductivity of 10-8 m/s (Sykes et al. 2011, Section 4.4.5). Given that the Cambrian sandstone pinches out
approximately 10 km or less east of the DGR site, and that it is absent over the Algonquin Arch, the Shadow
Lake Formation directly overlies the Precambrian rock surface for most of the up-dip portion of the regional scale
model domain. The results for the Precambrian sensitivity case indicate that Mean Life Expectancies (MLE) do
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not materially change from the Base Case simulation (MLE >100 Ma) for a conservative, non-decaying, nonsorbed tracer released at the DGR horizon. This is a reflection of the insensitivity of the mass transport
processes in the confining Ordovician sediments that host the repository to the occurrence of an underlying
laterally extensive and more permeable bedrock formation. Results for an increased horizontal hydraulic
conductivity case for the Shadow Lake would not be materially different from the above Precambrian sensitivity
case.
As described in OPG’s response to IR-EIS-04-129 (OPG 2012b), in order to assess the dose consequence of
radionuclide migration from the DGR to the underlying Cambrian aquifer (which underlies the Shadow Lake
Formation), a postclosure analysis was completed. The analysis considered the hypothetical situation of
drinking the groundwater within the Cambrian aquifer (note: the Cambrian groundwater has a Total Dissolved
Concentration of 200+ gm/L and is not potable) directly beneath the DGR location (QUINTESSA et. al. 2011,
Section 7.1.2). Although the groundwater within the Cambrian is approximately 5 m below the porewaters of the
Shadow Lake Formation, the estimated peak hypothetical dose is considered an appropriate estimate for
Shadow Lake Formation porewaters as well, at approximately 0.002 mSv/a at 1.5 million years. This estimate is
approximately 100 times less than the DGR public dose criterion of 0.3 mSv/a.
Porewaters in the Shadow Lake Formation are of high salinity 175-250 g/L (NWMO 2011, Section 4.4, Figure
4.6), and in the Regional Study Area (RSA), the Shadow Lake Formation is not direct accessible at ground
surface as: 1) the Formation is isolated by the overlying, thick, low-permeability Ordovician formations; and, 2)
the nearest outcrop of the Ordovician carbonates is approximately 100 km east of the DGR site. Figure 1 shows
the mapped and interpreted outcrop locations of the sedimentary rock units across southwestern Ontario
(modified from the Ontario Geological Survey bedrock geology map, 1981; [NWMO 2011, Section 2.2.2, Figure
2.3]). Note that the nearest outcropping of the Middle Ordovician carbonates occurs east of the Niagara
Escarpment.
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Figure 1: Generalized Paleozoic Bedrock Geology Map of Southern Ontario
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The information above supports the conclusion that the Shadow Lake Formation does not pose the risk of
providing a transmissive pathway for contaminants to the shallow groundwater system. The estimated peak
hypothetical dose arising from drinking groundwater within the Cambrian aquifer directly beneath the DGR is
approximately 0.002 mSv/a at 1.5 million years. Due to the lower hydraulic conductivity of the Shadow Lake
Formation relative to the underlying Cambrian aquifer, lateral migration (whether by advection in a higher
permeability case or by diffusion within the formation) would lead to lower predicted doses many 10’s of
kilometres up-dip than vertically beneath the repository footprint.
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc #300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD#
00216-CORR-00531-00134, August 27, 2012. (CEAA Registry Doc #704)
OPG. 2012b. OPG Letter, A. Sweetnam to S..Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package 4 Information Requests”, CD#
00216-CORR-00531-00138, September 6, 2012. (CEAA Registry Doc #725)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. and SENES Consultants Ltd. report for Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc #300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-05-164

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.3,
Groundwater
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.3,
Groundwater

Information Request:
a) While faults and fractures may currently be sealed with calcite cements, provide information on the strength
of these seals and the pressures at which faults and fractures may reactivate or open. To what degree is the
proponent confident that the faults and fractures sealed by calcite will remain sealed?
b) Provide a discussion of whether the extensive cavern excavation and "unnatural" disturbance required to
build the DGR could encounter faults, or even reactivate faults, due to alteration/release of natural
pressures. Include a discussion of risks and uncertainties.
c) Provide a discussion of the risks and associated uncertainties that would arise if hot fluids were to move
through possible deep-rooted faults and fractures that may cut the Ordovician section. Include a description
of any mitigation measures that are proposed to ensure the integrity of the DGR.
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d) Quantitatively assess the possibility that unmapped and undrilled near-vertical faults could be present in
RSA and in the DGR, including a discussion of the risks of reactivation and a discussion of the mitigation
measures proposed.
Context:
Faults are known throughout the RSA at the level of the proposed DGR excavation. The pervasive dolomitization
of Cambrian and Silurian rocks throughout the RSA implies that Upper Ordovician seal-rock facies have been
breached in the past and that hot fluids have moved through parts of the stratigraphic section within the RSA in
the past, possibly along as yet unmapped deep-rooted faults and fractures which cut the Ordovician section.
The presence of Mississippi Valley-Type deposits on the north side of the Algonquin Arch also implies
movement of hot fluids, localized flows of deep fluids, and vertical faults.
OPG Response:
The following information is provided below to address our understanding of the nature of fractures beneath and
proximal to the Bruce nuclear site. The response is structured according to the format (a-d) of the Information
Request.
a) Information regarding the calcite-infilled fractures and their ability to remain sealed at time frames
relevant to repository safety is based on: i) the origin and timing of calcite precipitation; ii) the stability
and dominance of a diffusive mass transport regime within the deep Ordovician groundwater system;
and iii) geomechanical estimates of rock mass response to repository excavation and future external and
internal perturbations. Specific evidence includes the following:


Preliminary fluid inclusion analyses indicate a hydrothermal (~70°C) origin for the fracture
calcite. An ancient age of calcite infilling is consistent with their formation due to circulation of
hydrothermal fluids under peak burial conditions during the later part of the Paleozoic Era
(NWMO 2011, Section 2.2.5.3).



The pore fluids within the Ordovician formations that would host and enclose the DGR are
ancient. Hydrogeochemical evidence strongly supports the conclusion that these fluids
originated as interstitial evaporated seawater, subsequently modified by long-term rock-water
interaction. The spatial distribution of pore fluid isotopic compositions further suggests a
conclusion of long water residence times within the Ordovician sediments (on the order of 200
million years), and a lack of glacial influence during the Pleistocene (NWMO 2011, Section 4.6).
These data are consistent with a stable, deep-seated, low-permeability groundwater system
unaffected by external perturbations.



Hydraulic testing within the DGR-series boreholes yielded estimates of horizontal rock mass
hydraulic conductivities within the Upper Ordovician shales and Trent Group carbonates to be
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on the order of 10-14 m/s (NWMO 2011, Figure 5.1). Such low rock mass hydraulic
conductivities are consistent with hydrogeochemical and isotopic interpretations of long pore
fluid residence times and the existence of a diffusion-dominated mass transport groundwater
regime (INTERA 2011, Sections 4.9.2.1, 4.13.5, 4.13.6 and Table 4.19).


A site-specific analogue that explored the occurrence and preservation of observed formation
under- and over-pressures within the Ordovician and Cambrian sediments indicates that vertical
rock mass hydraulic conductivities within the Ordovician sequence sediments are on the order of
10-14 m/s or less (Sykes et al. 2011, Section 7.2.8). This analogue provides an independent
assessment of formation-scale hydraulic conductivities that, coupled with the hydrogeochemical
information, reveals a system in which mass transport has remained diffusion-dominated for
geologic time periods. Such conditions are inconsistent with the reactivation or occurrence of
transmissive vertical geologic structure in the Ordovician sediments



The distribution of environmental tracers within the Ordovician sediments provides further
compelling evidence of a stable and resilient diffusive transport regime (NWMO 2011, Section
4.5). The existence of such a transport regime is inconsistent with the occurrence of
transmissive sub-vertical geologic structural, for example, reactivated calcite filled fractures,
within the Ordovician sediments.



A long-term geomechanical stability analysis that assessed rock mass response and
displacements occurring as a result of the unbackfilled DGR lateral development was
performed. In the analysis, forward modelling of system evolution in response to external
perturbations (e.g., changes in stress due to glaciation) was investigated and it was found that,
although multiple glacial events and associated loading/unloading cycles are expected to
eventually cause pillar failure and cavern collapse, damage remains contained within the
Cobourg Formation under all loading conditions (ITASCA 2011, Section 8). As a consequence,
the response of the enclosing Ordovician sediments to repository construction and perturbation
is not expected to lead to material changes in rock mass hydraulic conductivity through the
creation or re-activation of structural discontinuities.

The above information indicates that despite geologic evolution and perturbation the deep Ordovician
groundwater system has remained resilient to change, in part, due to the ability to preserved low rock
mass permeabilities. While information on calcite fracture seal strength is not directly measured, sitespecific analogues provide compelling evidence that re-activation and/or periodic opening of these
ancient in-filled fractures has not occurred. The conservative long-term geomechanical analyses of the
DGR openings that considered long-term rock mass strength degradation, seismicity, glacial loading and
repository gas pressure (7-8 MPa) support the conclusion that fault rupture or re-activation of existing
structural discontinuities in the barrier rock formations will not occur or influence the DGR Safety Case.
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b) As discussed in OPG’s response to Information Request (IR) EIS-02-37 (OPG 2012a), multiple lines of
evidence suggest that there are no unidentified faults in proximity to the DGR. The points raised in (a)
above are also consistent with this conclusion. In addition, results from long-term geomechanical
modelling indicate the following:


The load-bearing pillars created during construction remain functional, supporting overall
stability of the repository after 1-2 glacial and interglacial periods (ca. 100,000 years) (NWMO
2011, Section 6.4.4).



Following the ultra-long-term state of 1,000,000 years (after 8-10 glacial periods), the rock
immediately surrounding the DGR openings may slowly and progressively collapse into the
repository, the pillars may lose load capacity, and the rock within the Cobourg Formation may
fall into the excavated openings. The broken rock will bulk (volume increase) and choke off
(self-arrest) further collapse of the surrounding rock. The long-term analysis reveals
displacements induced by the collapse will not cause fractures to develop in the overlying shale
cap rocks or underlying carbonate formations (NWMO 2011, Section 6.4.4 and OPG 2012b,
Section 6.3 of OPG’s written submission to the July 18, 2012 Technical Information Session).



Perturbations arising from the generation of gas within the DGR (as a result of waste and waste
packaging material degradation) indicate that peak pressures are not expected to exceed 8
MPa, which is less than the lithostatic pressure of 17 MPa (NWMO 2011, Section 6.4.2). In all
cases, the gas generated will not create new fractures or propagate existing fractures that would
result in gas release through the far-field to the biosphere (ITASCA 2011, Section 4.3 and
NWMO 2011, Sections 6.4.2 and 6.4.3.4).

Based on the evidence provided above, as well as that in part a), the risk of the DGR footprint
intersecting transmissive structural discontinuities, and/or the future re-activation or creation of such
structure by repository excavation and long-term evolution, is considered low.
c) In order for hot fluids to travel through the Ordovician section, this hydrothermal system would require
both a pathway for the fluid to move and a source for the hot fluid. As discussed in a) above, and
elsewhere (OPG’s response to IR-EIS-02-37 (OPG 2012a)), multiple lines of evidence suggest that
there are no unidentified faults in proximity to the DGR footprint and, hence, no pathway for the
migrating fluid. In addition, the long-term geomechanical analyses described above indicate that no
transmissive fractures would be generated that can disrupt the Ordovician shale cap-rock. As a
consequence, there is a low likelihood that a fluid pathway will be developed in the future. Regarding a
source of hot fluids, the currently stable tectonic regime of southern Ontario precludes the likelihood that
a process linked to the circulation of hydrothermal fluids (e.g., orogenesis, volcanism) poses a risk to the
long-term safe and passive performance of the DGR (NWMO 2011, Section 6.2.2.2).
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d) A quantitative assessment of the potential effects of a transmissive sub-vertical fracture or fault located
in the vicinity of the DGR is described by Sykes et al. (2011, Sections 4.5.4 and 7.2.1). The results
indicate that a transmissive fault in close proximity to the DGR is inconsistent with the physical and
chemical hydrogeological data and observations at the Bruce nuclear site. This result is also consistent
with the discussion provided above in a) above, and in OPG’s response to IR-EIS-02-37 (OPG 2012a),
regarding the low likelihood of possible undiscovered faults occurring in close proximity to the DGR. A
quantitative assessment of safety implications is provided by QUINTESSA et al. (2011, Sections 6.2.5
and 7.2.4) in the hypothetical vertical fault scenario analysis. These results indicate that an unknown
fault in the vicinity of the DGR would lead to public does consequences significantly less than the dose
criterion.
The above lines of evidence support a conceptual model of a stable, low-permeability, diffusion-dominated deep
groundwater system beneath the Bruce nuclear site (NWMO 2011, Sections 5.2 and 5.4.1). The preservation of
such paleohydrogeologic conditions is expected for the DGR Safety Case given minor rock mass response to
DGR excavation, future glacial events, seismicity and long-term rock mass strength degradation (ITASCA 2011,
Sections 5, 6 and 8).
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group Inc. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR00531-00115, June 1, 2012. (CEAA Registry Doc# 523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216CORR-00531-00123, July 12, 2012. (CEAA Registry Doc# 636)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
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Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-05-165

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
a) Provide an explicit rationalization regarding how the seismic features, previously interpreted as faults, could
arise from signal processing. In particular, explain the consistent NNW orientation of these features and why
their appearance can be correlated between seismic data collection lines.
b) Provide the depth range (corrected for inclination) and stratigraphic horizon(s) over which DGR-6 was
projected to intercept the seismic discontinuity in its path.
c) Explain why the uncertainties about the presence of possible fault structures in the repository footprint and
vicinity have not been resolved using 3D seismic survey tech
Context:
2 D seismic surveys of the local study area have revealed five discontinuities that have been interpreted as fault
zones (TR-07-15). Four of these show a consistent NNW-trending orientation (PSR Fig. 3-1). One of the
interpreted faults falls on the footprint of the proposed repository. Borehole DGR-6 was angled to intercept the
most westerly interpreted fault zone, but no fault was detected in the core. Subsequently the seismic features
have been explained as artefacts of signal processing (Geosynthesis TD p.93) while two independent
consultants concluded that "These interpreted zones have been correlated between seismic data collection
lines, thus improving confidence that they do exist." (TR-07-15, p. 12).
In hydrocarbon exploration 3D seismic surveys are commonly employed to overcome the limitations inherent in
2D surveys.
OPG Response:
The responses below correspond alphabetically to the information requests listed above.
a) Features in the two-dimensional (2D) seismic survey data were interpreted as potential faults where
continuous seismic reflection boundaries were broken or offset. A reasoned assessment that
considered data confidence, as well as, the following parameters was employed by Watts et al. (2009) to
evaluate the zones of potential faulting: 1) the influence of regional data quality as a result of the high
contrast of seismic velocity at the sharp bedrock contact reflector; 2) sections of survey lines of known
surface culture (landfill); 3) data smearing from the bending of the lines; 4) lack of observation of faults in
nearby quarries; 5) coincidence of features between the original and re-processed data sections; and 6)
similar features observed on proximal seismic lines. Based on this interpretative approach, Watts et al.
(2009) concluded that five interpreted fault zones could not be negated solely as a result of noise or
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issues in resolving statics alone.
The NNW trend interpreted for four of these five fault zones is based on similar features being observed
on proximal seismic lines although Watts et al. (2009) found there was not sufficient spatial sampling to
resolve small features and definitively predict fault trends within the seismic data, but determined that it
was possible to interpret "potential" fault zones. It was determined that the uncertainty could only be
resolved through targeted drilling, core logging and borehole testing.
This conclusion resulted in the drilling of two inclined boreholes to intersect interpreted fault zones.
DGR-6 was targeted to intersect the interpreted fault zone on seismic lines 5 and 6, representing the
interpretation with the largest spatial extent (as compared to two others that were interpreted where
seismic lines were nearing intersection). Interpreted faulting outside of, but near to, the repository
footprint, as determined from a single seismic line, was tested during the drilling of borehole DGR-5.
The results of the inclined drilling did not indicate the presence of faults and supported the conclusion
that the tentatively identified faults are, instead, persistent noise artifacts that remain following data
processing.
b) The proposed and actual subsurface trajectories for angled borehole DGR-6 are shown on Figure 3.59
of INTERA (2011). The stratigraphic horizons through which the borehole was projected to intersect the
interpreted fault zone include the Georgian Bay, Blue Mountain, Cobourg, Sherman Fall and Coboconk
Formations. In total, this encompasses a vertical interval that extends between 511.9 and 778.1 m
below ground surface (INTERA 2011, Table 3.1). The results of core logging, borehole geophysical
logging and hydraulic testing of both DGR-5 and DGR-6 showed no evidence of a fault zone, as are
typically revealed by increased fracturing, dolomitization and/or rock mass hydraulic conductivities
(INTERA 2011, Section 3.11.4).
c) Three-dimensional (3D) seismic surveying is used in oil and gas exploration as a cost effective tool to
resolve subsurface imaging resolution issues typically associated with 2D seismic surveys, when
compared to the costs of additional drilling. Watts et al. (2009), in the completion of the 2D seismic
survey, found that the uncertainties associated with the 2D seismic interpretation would best be resolved
through targeted drilling, core logging and testing. This practical experience supported a decision to
adopt a multidisciplinary geoscientific approach that included a program of continuously cored borehole
drilling and testing, as opposed to attempting to perform a 3D seismic survey on an operating nuclear
site.
The results of the drilling of vertical boreholes, at a separation of 1.2 km surrounding the DGR footprint,
demonstrated that the site has relatively simple bedrock geometry, with consistent strike, dip and
thicknesses for all units, as well as distinct formation hydrogeologic and hydrogeochemical properties, all
of which negate the presence of transmissive vertical structure (NWMO 2011, Sections 2.3.9.1 and
2.3.9.2). The drilling of two angled boreholes, targeted to confirm apparent fault structure (as described
above), did not intersect geologic structure indicative of faulting, and further supported the vertical
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drilling results of a near-horizontally layered sedimentary sequence that is unaffected by vertical
structure or displacement.
Performance of a 3D analysis would have necessitated the survey of a larger area in order to image the
site sub-surface, and would have required an associated marine survey area (off-shore in Lake Huron)
as well. Additionally, the logistical issues encountered during the 2D seismic survey, including: 1)
anthropogenic and environmental noise, 2) missing data source and recording locations due to site
infrastructure and environmentally sensitive (wetland) areas, and 3) the poor data quality from
seismically ‘slow’ heterogeneous overburden and areas of course rubble infill overlying seismically ‘fast’
bedrock, strongly suggested that a 3D survey would not substantially improve the subsurface imaging
resolution or confidence in interpretation, particularly in comparison to targeted drilling.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300).
Watts, M., D. Schieck and M. Coniglio. 2009. 2D Seismic Survey of the Bruce Site. Intera Engineering Ltd.
report TR-07-15 Rev.0. Ottawa, Canada.

EIS-05-166

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 10.1.3,
Groundwater

b) Describe how the lack of homogeneity of the Ordovician shale units may impact regional seal capability and
the risk of possible seal breaching or contamination by migration up-dip.

 Section 11.4.1,
Geology and
Geomorphology

Context:

 Section 11.4.3,
Groundwater
 Section 12,
Accidents,
Malfunctions
and Malevolent
Acts

a) Describe how the Collingwood Formation impacts the cap-rock seal.

The Collingwood Formation is not really a shale unit, but is a fine-grained limestone (73% calcite, 9% dolomite,
7% quartz, 10% clays), as opposed to the 40-49% clays of the Blue Mountain/Georgian Bay/Queenston
formations. Therefore it could act more like a brittle, fracturing limestone than a shale seal rock, and should not
be discussed as part of the cap-rock seal.
All Upper Ordovician shale units include stacked coarsening-upward sequences with beds characterized by
more porosity and permeability in the upper parts of these sequences (especially Georgian Bay and Queenston).
In other words, these "shale" units are not homogeneous impermeable units, but include other facies which
might reduce their "seal" qualities.
The Panel questions the validity of characterizing certain rock units as impermeable, thus impacting on the
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ability of the cap-rock to act as a seal. The risk of contamination resulting from a breach of the described caprock seal should be addressed.
OPG Response:
The Collingwood member is a relatively thin (~6-9 m thickness) calcareous shale occurring directly beneath
more than 200 m of shale-dominant formations comprising (ascending order) the Blue Mountain, Georgian Bay
and Queenston Formations. Evidence gathered during DGR site-specific investigations indicate that the
Collingwood member has no impact on the Upper Ordovician cap-rock seal. Further, as described by INTERA
(2011, Section 4.13.5) the Upper Ordovician cap-rock, including the Collingwood member, created a very low
permeability hydrostratigraphic unit in which mass transport has remained diffusion dominant for periods of
geologic time (NWMO 2011, Sections 4.5 and 4.6). Further information is provided below to address requests a)
and b).
a) The Collingwood member, which varies between 6.5 and 8.7 m in thickness, is laterally traceable across
the Bruce nuclear site beneath the >200 m of Upper Ordovician shales (INTERA 2011, Section 3.5).
Key issues surrounding the understanding of the seal capacity and mass transport process occurring
within the near-horizontally layered Collingwood and overlying upper Ordovician shales include the
following.








The results of in-situ hydraulic borehole testing indicate the horizontal hydraulic conductivity (Kh)
of the Collingwood member is 2 x 10-14 m/s. The estimated Kh in the Upper Ordovician shales is
3 x 10-14 m/s. These very low hydraulic conductivities are consistent with the designation of the
bedrock formations as an aquiclude (INTERA 2011, Sections 4.13, 4.14 and 4.15).
The observed formation under-pressures in the Ordovician sedimentary rocks, particularly in the
Upper Ordovician shales, are consistent with formation scale effective vertical rock mass
hydraulic conductivities of 10-14 m/s or less. Such low hydraulic conductivities are consistent
with the existence of a diffusion-dominated groundwater system (Sykes et. al. 2011, Section
7.2.8)
The vertical distribution of environmental tracers within rock matrix porewaters through the
Ordovician sediments offers a site-specific analogue for solute migration within the Ordovician
sedimentary sequence on geologic time scales. This analogue provides evidence that mass
transport processes within these sediments have been diffusion dominated for periods
exceeding 100 Ma (NWMO 2011, Section 4.5).
Average total porosity for the shale component of the cap rock is approximately 7.2% (NWMO
2011, Table 7.1) and consistently less than 5 % for the non-shale component (NWMO 2011,
Figure 7.1). These values are consistent between the DGR boreholes and suggest that lateral
mineralogical variation is minimal across the site. This observation, in conjunction with the first
three bullet points above, suggests that small-scale vertical lithological inhomogeneity has no
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impact on the low permeability barrier capacity of the Ordovician cap- rock.
A regional-scale analogue study examined evidence of Ordovician shale cap rock barrier
integrity from a petroleum resources perspective. The study, which describes evidence from
within both the Appalachian and Michigan basins, concludes that Upper Ordovician shales
posses the attributes of a good seal rock (Engelder 2011, Section 6).

Based on the information provided above it is concluded that the Collingwood member has no impact on
the barrier performance of the Upper Ordovician shale cap-rocks.
b) High resolution borehole geophysical (gamma ray) logs for the vertical DGR boreholes (DGR-2, DGR-3,
DGR-4) were examined to better understand the extent of vertical and lateral lithological variation and
its control on material transport properties at the site scale (NWMO 2011, Section 2.3.4.1). As
mentioned above, the observed low horizontal and vertical rock mass hydraulic conductivities, coupled
with site-specific analogue evidence of a stable and ancient groundwater system in which mass
transport is diffusion dominated, strongly suggest that lithologic variability does not impact the long-term
barrier capacity of these thick Ordovician cap-rocks.
In summary, multiple lines of reasoning provide compelling information that the deep groundwater system, which
includes the Collingwood Member and overlying Upper Ordovician shale cap-rocks, has remained stable for
geologic time and that mass transport within these sediments has remained diffusion dominant. This offers a
preferred geologic setting for passive long-term radioactive waste management (NWMO 2011, Section 8).
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc #300)
Sykes, J.F., S.D. Normani and Y.Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Information Request:
Describe the results of the Jack Satterly Geochronology Lab absolute age dating on fracture-filling minerals
referenced in OPG’s response to the Panel’s IR EIS 02-38. When will the work be completed and the results
available to the Panel?
Provide an evaluation of the fracture orientations in southern Ontario with respect to the modern North American
stress field and the potential for much younger fracture dates.
Resolve the apparent inconsistency in the fracture formation in the regional study area with respect to regionally
proposed stress fields and their timing.
Context:
Suggesting that common orientation of fractures implies the same age of formation presupposes that multiple
fracture events must occur under different regional stress fields. If the regional stress field that causes fracturing
events is the same, then the orientations would be the similar. The fracture orientations in the study area are
consistent with those in southern Manitoba carbonates of similar age and are also consistent with fracture
orientations in much younger Tertiary rocks in southern Alberta. These fracture systems have been shown to be
parallel to the modern regional stress field.
The fracture orientations in southern Ontario then are consistent with much younger fracture systems in Alberta
that are consistent with the modern North American stress field.
The EIA elsewhere recognizes a young age for fractures, DGR-TR-2011-15, Regional Geology, Section. 3.1.4,
page 20: “Post-glacial (i.e.,<12,000 years) popup structures in the area are predominantly oriented 118°, and
have nucleated on a sub-set of the ESE fracture set. These popups are interpreted to have formed during rapid
release of high in situ tectonic stress shortly after the retreat of the Laurentian ice sheet.”
These conclusions appear to be internally inconsistent, since on page 23 it is stated: “ENE-trending set: may be
neotectonic in origin (i.e., formed during the current tectonic stress regime, which is attributed to mid Atlantic
Ridge push and has remained approximately constant since the Cretaceous, Mechanism (2i) above).”
OPG Response:
The following information is provided to address the understanding of issues related to the origin and timing of
fracture development. The response is structured according to the three questions (a-c) in the Information
Request.
a) The fracture mineral characterization study, including the use of cathode-luminescence imaging techniques
and calcite geochronological analysis, is under the supervision of Dr. Donald Davis at the Jack Satterly Lab,
with results expected to be available by December 2012. The results of this work will be provided to the
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Panel when available. Preliminary results from the analysis of calcite infill fluid inclusions, as discussed in
OPG’s response to Information Request EIS-02-38 (OPG 2012), strongly suggest that the occurrence is
related to hydrothermal events (ca. 70°C).
b) Throughout southern Ontario, ENE-oriented fractures, which are oriented sub-parallel to the maximum
horizontal strain (SHmax) of the contemporary tectonic stress field, have been attributed to a
neotectonic/glacio-tectonic origin (AECOM and ITASCA CANADA 2011, Section 3.1.4 and references
therein). While it is understood that many of these fractures may have a neotectonic origin, it is also
understood, based on recent studies undertaken elsewhere throughout the Appalachian Basin (Engelder
2004; Engelder 2011, Section 2.2.11 and references therein), that an early (Paleozoic) set of joints occupies
the same orientation as these neotectonic structures. Therefore, joint orientation alone does not provide
information for a confident interpretation of the timing of fracture development.
Several key observations noted during the Cruden (2011) study of Devonian bedrock exposures along the
Lake Huron shoreline at the Bruce nuclear site allowed for an assessment of the age and timing
relationships of these site-scale geological structures within the context of the Paleozoic evolution of the
Michigan Basin. With respect to the timing of fracture development, the following key points are noted.






Joints and veins share common orientations, predominantly NNW- and ENE-trending, and they are
mutually cross-cutting, indicating that joints and veins were initially formed contemporaneously under
conditions of elevated pore fluid pressure and an abundant source of carbonate-rich brines (Cruden
2011, Sections 3.2.2 and 4.1).
Several mechanisms were considered as a basis for understanding the timing of fracture development
based on the understanding that such conditions have not existed in southern Ontario since the ancient
geological past. These mechanisms included: 1) Devonian sediment compaction, 2) dewatering and
diagenesis, 3) Devonian or Carboniferous lateral flow of brines driven by distal orogenic processes, or 4)
Late Paleozoic orogenic fold-related jointing.
A neotectonic origin for the systematic fractures was considered unlikely due to, as stated above, the
required conditions of fracture development (Cruden 2011, Section 5.1).

Cruden (2011) suggested that the NNW-trending fractures may be part of a concentric, regional-scale
fracture pattern (i.e., that is concentric with respect to the outline and structural contours of the Michigan
Basin). This large-scale geometric relationship, and the contemporaneous nature of both the NNW- and
ENE-trending fracture sets, led Cruden (2011) to suggest that the interpretation for the timing of
development of the observed fractures was during a phase of basin-centered subsidence, either of Middle
Devonian or Carboniferous age, and under conditions of increased pore pressure (Cruden 2011, Section
5.5). This interpretation would be consistent with the emplacement of the calcite-filled veins under
hydrothermal conditions, and the preliminary results from calcite fracture infill fluid inclusion analysis, as
mentioned above in a).
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c) The two interpretations for the timing of fracture initiation are made for two different fracture orientations,
those that are ESE-trending (Rutty and Cruden 1993) and those that are ENE-trending (Andjelkovic et al.
1996, 1997, 1998). These results were summarized directly from publicly-available scientific research
papers that attempted to devise a temporal framework for the development of regional scale fracture
patterns. The statement in the Regional Geology – Southern Ontario report (AECOM and ITASCA CANADA
2011, p.23) regarding the neotectonic origin of the ENE-trending structures may, in part, reflect the
researchers’ definition of ‘neotectonic’, which, for some, means since the last glaciation (i.e., less than
12,000 years ago), for others means the time since the end of the Miocene Epoch 5.3 million years ago, and
still, for others, neotectonic may mean the time since the regional-scale stress field last changed (i.e., in the
later stages of the Cretaceous Era, roughly 70 to 65 million years ago).
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15
R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Andjelkovic, D., A.R. Cruden and D.K. Armstrong. 1996. Structural geology of Southcentral Ontario.
Preliminary results of joint mapping studies. In: Summary of Field Work and Other Activities 1996, Ontario
Geological Survey, Misc. Paper 166.
Andjelkovic, D., A.R. Cruden and D.K. Armstrong. 1997. Joint orientation trajectories in South Central Ontario.
In: Summary of Field Work and Other Activities 1997, Ontario Geological Survey, Misc. Paper 168.
Andjelkovic, D. and A.R. Cruden. 1998. Relationships between fractures in Paleozoic cover rocks and
structures in the Pre-Cambrian basement, south central Ontario. In: Summary of Field Work and Other Activities
1998, Ontario Geological Survey, Misc. Paper 169.
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization report NWMO DGRTR-2011-43 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2004. Tectonic implications drawn from differences in the surface morphology on two joint sets in
the Appalachian Valley and Ridge, Virginia. Geology 32, 413-416.
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR00531-00115, June 1, 2012. (CEAA Registry Doc# 523)
Rutty, A.L. and A.R. Cruden. 1993. Pop-up structures and the fracture pattern in the Balsam Lake area,
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southern Ontario. In Neotectonics of the Great Lakes area. J.L. Wallach and J.A. Heginbottom (Ed.), Géographie
physique et Quaternaire 47, 379–388.

EIS-05-168

 Section 10,
Existing
Environment
 Section 10.1.4,
Terrestrial
Environment

Information Request:
Provide the location of the Snapping Turtle observed during the 2009 turtle basking surveys. Identify potential
habitats for this species within the Project Site and the Site Study Area.
Context:
Considering the presence on site and the status of this species as Special Concern under the Species at Risk
Act (SARA), additional information is required in the Species At Risk analysis in order to determine possible
effects on Snapping Turtle. In addition to text-based/map information, provide photos of potential habitats for this
species within the Project Site and the Site Study Area immediately adjacent to the Project Site, as these are the
areas where potential effects are most likely.
OPG Response:
Information on the potential for the DGR Project to interact with snapping turtles was provided in OPG’s
supplementary response to Information Request (IR) EIS-01-15 (OPG 2012a). As described in the
supplementary response, the snapping turtle observed in 2009 was recorded at turtle basking survey Station 17,
which is shown on Figure 5.3.2-1 of the Terrestrial Environment Technical Support Document (TSD) (GOLDER
2011). Survey Station 17 is located at the South Railway Ditch at the boundary of the Project Area, and
provides limited linear habitat and a travel corridor for turtles. Photographs of the South Railway Ditch at survey
Station 17 are included at the end of this response as Plates 1 and 2 (enclosed, NWMO 2012). Three individual
snapping turtles have been documented within the Project Area during field surveys conducted during 2007,
2009 and 2012.
The preferred habitat for snapping turtle is characterized by slow-moving water with soft mud substrate and
dense aquatic vegetation. This species can occur in ponds, sloughs, shallow bays, or river edges and slow
streams. Section 5.4 of the Terrestrial Environment TSD (GOLDER 2011) provides information on marsh (MA),
swamp (SW) and open water (OA) habitats within the Project and Site Study Areas. These community types
were delineated using Ecological Land Classification (ELC) for southern Ontario (Lee et al. 1998), and are
shown on Figure 5.4.1-1 of the Terrestrial Environment TSD. As described in Section 5.4.1 of the Terrestrial
Environment TSD, wetland habitats comprise less than 5% of the overall Project Area and no aquatic habitat
(i.e., open water) is present. These small wetland habitats are the locations within the Project Area where
snapping turtles have been observed. The seasonal swamp community located in the southeastern portion of
the Project Area is contiguous with swamp and marsh communities that extend east and north into the Site
Study Area. An open water area is located approximately 100 m to the south of the Project Area, as shown on
Figure 5.4.1-1 of the Terrestrial Environment TSD.
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OPG’s response to IR-EIS-03-85 provides supplementary information on wetlands within 500 m of the Project
Area (OPG 2012b). Wetland habitats beyond 500 m of the Project Area are discussed in Section 5.4.2.2 of the
Terrestrial Environment TSD.
An additional targeted survey to assess the presence of reptile and amphibian habitat within the DGR Project
site was undertaken in April 2012. The survey targeted wet areas with the potential to provide habitat for turtle
species at risk within the DGR Project site. The assessment was conducted by a recognized turtle expert in
Bruce County, with field assistance from an individual experienced in undertaking local species at risk habitat
assessments and population size monitoring surveys. Eight habitat patches, comprising two broad categories,
were targeted for assessment during the survey. The habitat units were numbered sequentially and are not
referenced to previous DGR field studies. Figure 1 shows the location of the habitat units defined in April 2012
as wetlands (ephemeral or permanent) and forested wetlands on the DGR Project site.
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Figure 1: Habitat units broadly identified in April 2012 as wetlands (ephemeral or permanent) or
forested wetlands (area under tree canopy that may be seasonally or permanently moist to wet) on and
adjacent to the DGR Project site
Table 1 provides the general characteristics of the habitat units examined in April 2012. The use of the term
“wetland” to describe these habitat units is applied broadly to identify seasonally or permanently wet areas with
no minimum size criteria. This application of terminology is less rigorous than the protocol described in the
Ecological Land Classification (ELC) for southern Ontario (Lee et al. 1998) which is the reference used to
describe vegetation communities in Section 5.4.1 of the Terrestrial Environment TSD (GOLDER 2011). For
example, the ELC protocol for identifying wetland and aquatic community types (e.g., MA, SW, OA) includes
minimum size requirements, soil moisture and plant species composition criteria that would not be met by some
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of the habitat units examined as part of the targeted survey.
Weather conditions and morning search effort during the April 2012 survey were conducive to observing
snapping turtles. One adult snapping turtle was observed foraging in Wetland 3 and another individual was
observed foraging in Wetland 4. Wetland 3 will be disturbed by site preparation and construction activities;
however, appropriate environmental management plans will ensure that potential effects on sensitive turtles that
might be utilizing the habitat at that time are controlled through generally accepted mitigation measures.
Wetland 4, which roughly corresponds with the marsh in the northeastern portion of the Project Area, will not be
disturbed as explained in Section 7.12.4 of the Environmental Impact Statement (OPG 2011). Wetlands 1 and 5
were also assessed to potentially provide foraging opportunities for turtles, although no turtles were observed.
Neither turtle hibernacula nor nesting sites were confirmed during the survey. However, Wetland 4, within which
one snapping turtle observation was made, may provide potential overwintering habitat taking into account its
depth and substrate. Photographs of confirmed and potential foraging and overwintering habitat units are
provided as Plates 3 through 8 (enclosed, NWMO 2012). Wetland 2, Forested Wetland 1, Forested Wetland 2,
and Forested Wetland 3 were not considered to have the potential to provide habitat for snapping turtles.
In summary, the DGR Project site and Site Study Area immediately adjacent to the DGR Project site provide
limited habitat for snapping turtles. This is supported by the observation of only three individuals when results
from 2007, 2009, and 2012 turtle surveys are considered collectively. Habitats of higher quality and greater
extent are provided in the Local Study Area, including Provincially Significant Wetlands (PSWs) located to the
north of the Site Study Area.
Table 1: Descriptions of Habitat Units Assessed for Turtle Habitat use and Suitability in April 2012
Habitat
Unita,b

General
Type

Wetland 1

open marsh
30 m
diameter

Wetland 2

open marsh
3m

Approximate
Maximum
Water Depth
(m)

Permanency
of Water

Dominant
Vegetation

Snapping
Turtle
Observed

0.5

Likely to
remain wet
through
summer;
may become
dry during
drought
conditions

Graminoid

No

Potential
foraging
opportunities

0.10

No open
water

Cattail
(Typha sp.)

No

No potential
habitat
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diameter

available

Wetland 3

open marsh
50 m
diameter

1

May remain
wet
throughout
year

Cattail and
horsetail
(Equisetum
sp.)

1 turtle
observed

Foraging
opportunities

Wetland 4

open marsh
>100 m
length

2

Permanent

Graminoid

1 turtle
observed

Foraging
opportunities
Potential for
overwintering

Wetland 5

open marsh
20 m
diameter

0.5

Permanent

Cattail

No

Potential
foraging
opportunities

Forested
Swamp 1

hardwood
swampc

Isolated pools

Pool depth
variable with
season

Sphagnum

No

No potential
habitat

Forested
Swamp 2

hardwood
swampc

Shallow pools

Pools likely
seasonal

Sphagnum
with low
herbaceous
plants

No

No potential
habitat

Forested
Swamp 3

hardwood
swampc

Pools

Pools likely
seasonal

Leaf litter

No

No potential
habitat

Notes:
a
The habitat unit descriptions are based on an April 2012 survey. The use of the term “wetland” to describe these habitat units is applied
broadly to identify any seasonally or permanently wet area of any size. Spring weather in 2012 included an early warm period (up to
20°C) in March and April, interspersed with periods of cold ambient temperature and snow. Habitat units were numbered sequentially
and are not specifically referenced to wetlands in the DGR Project Area identified through Ecological Land Classification (see Figure
5.4.1-1 of the Terrestrial Environment TSD [GOLDER 2011]); however, Wetland 4 roughly corresponds with the marsh in the
northeastern portion of the Project Area that is described in Section 5.4.1 of the Terrestrial Environment TSD (GOLDER 2011).
b
Locations of habitat units are shown on Figure 1.
c
Pool(s) size not specified since they were isolated and judged to be likely ephemeral.

References:
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry
Doc# 299).
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Lee, H. T., W.F.D. Bakowsky, J. Riley, J. Bowles, M. Puddister, P. Uhlig, and S. McMurray. 1998. Ecological
Land Classification for Southern Ontario. Ontario Ministry of Natural Resources Southcentral Science Division.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environment Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA
Registry Doc# 298).
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Previously Committed Responses to Information Requests”, CD#
00216-CORR-00531-00126, August 9, 2012. (CEAA Registry Doc# 683).
NWMO. 2012. Photos of Potential Habitat Units (Wetlands) In and Near to the DGR Project Site. (enclosed)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc #608 and #614).

EIS-05-169

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

 Section 11.4.9,
Effects of the
Environment on
the Project

Confirm that the Eastern Hognose Snake was considered in the assessment of Species At Risk.

Historical records indicate that that the Eastern Hognose Snake has been known to occur in this region.
Describe any field studies or analysis that were undertaken to determine whether this species is resident in the
Site Study Area and Project Study Area.
OPG Response:
Section 5.3 of GOLDER (2011) describes terrestrial field studies that were completed for the DGR Project.
OPG’s supplementary response to Information Request EIS-01-15 (OPG 2012) provides information specific on
the eastern hog-nosed snake, including a review of literature on recorded sightings of the species in Bruce
County and availability of habitat on the Bruce nuclear site for critical functions of the species.
References:
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Previously Committed Responses to Information Requests”, CD#
00216-CORR-00531-00126, August 9, 2012. (CEAA Registry Doc #683)
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Information Request:
Provide additional information about the presence of the Western Chorus Frog. Identify potential habitats for this
species within the Project Site and the Site Study Area.
Context:
Since Western Chorus Frog has been recorded as actively breeding in the Project area and the status of this
species under SARA is Threatened, additional information is required in the Species At Risk analysis in order to
determine possible effects on this species. In addition to text based/ map information, provide photos of potential
habitats for this species within the Project Site and the Site Study Area immediately adjacent to the Project Site,
as these are the areas where potential effects are most likely.
OPG Response:
OPG’s supplementary response to Information Request (IR) EIS-01-15 (OPG 2012) provides further information
regarding species of special conservation concern, including the western chorus frog. This response provides
clarification on documentation of chorus frog in the Site Study Area, and addresses the 2007 record of one
individual heard calling from the marsh/forest habitat located in the northeastern portion of the Project Area, as
referenced in the Terrestrial Environmental Technical Support Document (TSD) (GOLDER 2011).
The Great Lakes/St. Lawrence – Canadian Shield population of western chorus frog (Pseudacris triseriata) is
listed as Threatened in the federal Species at Risk Act (SARA) (DEPARTMENT OF JUSTICE CANADA 2002)
(COSEWIC 2008). Chorus frogs identified on the DGR site are conservatively assumed to be from this
population.
Western chorus frog is primarily a lowland, terrestrial species, found on the ground or in low shrubs and
herbaceous species. This species displays limited dispersal abilities, and is usually found in terrestrial habitats
within 200 m of potential breeding habitats (COSEWIC 2008). Western chorus frog usually breeds in small or
shallow aquatic habitats, mostly temporary ponds and wetlands that become dry in the summer (COSEWIC
2008). These habitats contain fewer predators than permanent waters (i.e., fish), but tadpoles are more
susceptible to mortality from drying. Western chorus frogs are very rarely found in permanent waters. Tadpoles
are found in water as deep as 40 cm, but are most abundant in water 11 to 22 cm deep. In summer and fall,
during the non-breeding season, individuals can be found in marshes, wooded areas near water, and fallow
lands and woods near breeding sites. Western chorus frog hibernates in terrestrial habitats under rocks, logs,
leaf litter, loose soil, or in existing animal burrows (COSEWIC 2008).
The presence of western chorus frog is most easily detected during the breeding season, which occurs from
mid-March to mid-May. Calls are distinct, repeated at regular intervals, and can be heard from up to one
kilometre away throughout the day and night (COSEWIC 2008). Most individuals live less than one year, and
reproduce only once in the first spring following their metamorphosis (COSEWIC 2008). As noted in OPG’s
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supplementary response to IR-EIS-01-15 (OPG 2012), the trilled territorial call of the spring peeper (P. crucifer)
can be confused with the normal call of P. triseriata and, as a result, the number of records may overestimate of
the number of western chorus frog localities (De Solla et al. 2005).
The field studies initiated in 2007 and continued in 2009 reinforced the historical findings that spring peeper and
chorus frog were documented within the Site Study Area as described in Section 5.7.1.3 of the Terrestrial
Environment TSD (GOLDER 2011). Field study methods used as part of the breeding anuran call counts
include the documentation of calling amphibians in suitable habitats during the prescribed breeding season.
Documentation of calling amphibians is evidence that these species are present in appropriate breeding habitat
during the breeding season; however, this does not constitute proof of breeding.
A single chorus frog was identified calling on the evening of May 7, 2007 from the marsh habitat and associated
forest communities located in the northeastern portion of the Project Area (Breeding Amphibian Survey Site 13
as shown on Figure 5.3.2-1 of the Terrestrial Environment TSD [GOLDER 2011]). Site 13 is located within the
reed canary grass mineral meadow marsh (MAM 2-2) mapped within the Project Area but outside of the DGR
Project site (refer to Figure 5.4.1-1 of the Terrestrial Environment TSD [GOLDER 2011]). Plate 1 (enclosed,
NWMO 2012) shows the open water habitat available in the central marsh area. Plates 2 through 13 (enclosed,
NWMO 2012) show the general marsh habitat and riparian zone with its associated cultural and forest
communities starting from the southeast corner around to the southwest corner going in a counter-clockwise
direction. While these habitats are suitable for western chorus frog, the result must be interpreted with caution
given the known dominance of spring peeper in this wetland community and the possibility to mistake the calls of
these two related species. Additionally, the record of a single frog calling one evening (no chorus frogs were
recorded calling at this station in April 2007 or during any survey in 2009) does not represent definitive evidence
of breeding by this species in the Project Area. Additionally, it is not expected that the proposed site preparation
activities will have a negative effect on this community as assessed in Section 7.12.4 of the Environmental
Impact Statement (EIS) (OPG 2011).
Within the Site Study Area, but outside the Project Area, chorus frogs were recorded calling from the following
habitat units. Refer to Terrestrial Environment TSD (GOLDER 2011) Figure 5.3.2-1 for the survey site locations
and Figure 5.4.1-1 for the vegetation community mapping.




Survey Site 7: one to two individuals identified calling from the marsh and forested communities located
south of Survey Site 7 in April 2007, May 2007, and May 2009.
Survey Site 4: an individual identified calling from the forest community located approximately 200 m
south of survey site in May 2007.
Survey Site 9: one to two individuals identified calling from the forested community located west of the
survey site in May 2009.

Of these survey stations where auditory evidence of the presence of chorus frog was recorded, only Survey Site
4 and Site 13 occur in proximity to the DGR Project site. Survey Sites 7 and 9 are both located more than a
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kilometre from the Project Area, which is regarded as beyond the dispersal range of chorus frogs. Survey Site 4
is located along the South Railway Ditch, which has the potential to act as linear habitat or a travel corridor for
wildlife, including frogs. The South Railway Ditch at Survey Site 4 and the mixed woods forested community
from where the chorus frog was recorded calling are shown in Plates 14 and Plates 15-16 respectively
(enclosed, NWMO 2012).
In addition to the breeding amphibian surveys conducted in 2007 and 2009, a targeted survey to assess the
presence of reptile and amphibian habitat within the DGR Project site was undertaken in April 2012 as described
in OPG’s response to IR-EIS-05-168. The location and general description of the habitat units investigated as
part of the survey are provided in that response. No western chorus frogs were heard calling, nor were any egg
masses or tadpoles of the species observed.
As explained in Sections 7.12.3 and 7.12.4 of the EIS (OPG 2011), no residual adverse effects are expected to
occur to the South Railway Ditch or the Project Area marsh as a result of the DGR Project. These two habitat
units represent the areas that may be used by a few chorus frogs based on field study data from 2007, 2009,
and 2012.
References:
COSEWIC. 2008. COSEWIC assessment and update status report on the Western Chorus Frog Pseudacris
triseriata Carolinian population and Great Lakes/St. Lawrence – Canadian Shield population in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa.
(www.sararegistry.gc.ca/status/status_e.cfm).
DEPARTMENT OF JUSTICE CANADA. 2002. Species at Risk Act S.C. 2002, c.29, Assented on December 12,
2002.
De Solla, S.R., L.J. Shirose, K.J. Fernie, G.C. Barrett, C.S. Brousseau, and C.A. Bishop. 2005. Effect of
Sampling Effort and Species Detectability on Volunteer Based Anuran Monitoring Programs. Biological
Conservation 121:585-594.
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry
Doc #299).
NWMO. 2012. Photos of Amphibian Survey Sites and the Northeast Marsh. (enclosed)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. (CEAA Registry Doc# 298).
OPG. 2012. OPG Letter from A. Sweetnam to S.Swanson, “Deep Geologic Repository for Low and
Intermediate – Submission of Previously Committed Response to Information Requests”, CD# 00216-CORR684
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00531-00126, August 8, 2012. (CEAA Registry Doc# 683).

EIS-05-171

 Section 11.2,
Mitigation
Measures

Information Request:
Provide a conceptual revegetation plan for the waste rock pile.
Context:
Information regarding reclamation of the waste rock pile is limited to a proposal to place 15 cm of soil.
A conceptual revegetation plan for the waste rock pile is required to complete the assessment of residual
environmental effects of the waste rock management area.
OPG Response:
Waste rock remaining in the waste rock management area at the time of decommissioning the DGR will be
covered by a soil cap and vegetated (OPG 2011, Section 13.6.5). The rock pile will be covered with a minimum
of 15 cm of soil and topsoil that is suited to the requirements of the local flora (refer to OPG’s response to
Undertaking TIS-09 [OPG 2012]). Prior to covering, the waste rock surface will be scarified in the areas where
the rock has been compacted by vehicle traffic.
The surface of the rock pile will be contoured to promote drainage and to minimize wind and water erosion. Wind
breaks will be established, if necessary, for further erosion control until such time that the vegetation is
sufficiently established. The pile will be inspected for tension cracks at the crest of any slopes for signs of new
or ongoing failure, and rill or gully erosion both on the rock pile and on the soil cover.
Vegetation will be consistent with that of local conditions and that it is capable of providing vigorous, plentiful
cover not later than its third growing season with minimal care (Environmental Protection Act - Ontario
Regulation 232/98, s.29(1)).
The use of native species will be incorporated in the detailed revegetation plan while invasive species will be
avoided. Opportunities to develop habitat will be considered during the development of the revegetation plan.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report, Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Responses to Undertakings from Technical Information Session #1, CD# 00216CORR-00531-00132, August 15, 2012. (CEAA Registry Doc# 692)
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Information Request:
Provide additional, detailed justification of the follow-up monitoring program for the surface water management
system (Tables 3a and 3b of TSD) and pages 5-7. The justification is to include:


the rationale for selection of the three sample sites listed in Tables 3a and 3b (stormwater retention pond
discharge, perimeter drainage ditch, shaft sump discharge), including an explanation of how these
sample sites constitute adequate coverage of the surface water management system;



a detailed explanation for the list of analytes for surface water samples presented in Tables 3a and 3b,
including the expected sources of chemicals of potential concern (COPC) during site preparation,
construction and operation, and any screening of COPC that may have taken place prior to
determination of the list of analytes for monitoring;



the rationale for the absence of any toxicity testing;



the rationale for the frequency of sampling, including why frequency declines so quickly after the initial
discharge (daily for the first week, weekly for one month, and then quarterly during construction), as well
as why sampling will only occur for one year during operation of the DGR;



an explanation of how the monitoring program has been designed to ensure data quality in support of
confident environmental management decisions; e.g. how the number of stations and frequency of
sampling produces confidence that exceedances will be accurately identified and that trends with time or
location will be correctly identified; and



the explicit identification of the performance or acceptance criteria to be applied to surface water quality
data.

Context:
The Follow-up Monitoring TSD contains insufficient detail regarding the monitoring program for the surface water
management system. There is no explanation for why the 3 sampling sites listed in Tables 3a and 3b would
constitute an adequate coverage of the system, particularly with respect to the potential for effects on adjacent
wetland habitats. The list of analytes is not explained, apart from a brief reference to the Golder (2011) leachate
testing and characterization study. Since the surface water management system will contain seepage water from
the repository, construction process water, and runoff and seepage from waste rock, there is a fairly lengthy list
of Chemicals Of Potential Concern (COPC) that goes well beyond the list presented in the TSD. For example,
oils and greases, total petroleum hydrocarbons, metals and major ions associated with the mineralogy of the
formations encountered during construction of the repository, and explosives residues would all be on an initial
list of COPC. It is unclear how such an initial list would have been shortened to the list presented in the TSD.
Furthermore, the particular analyte selected requires explanation if there is more than one choice; e.g., the
selection of Total Kjeldahl Nitrogen as a measure of nitrate instead of the direct determination of nitrate and
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nitrite requires justification.
Toxicity testing of discharge water (at the last point of control prior to discharge to MacPherson Bay) would
account for the combined effects of all COPC and is usually required to demonstrate compliance with the
Fisheries Act (Section 33, Discharge of Deleterious Substances). The absence of toxicity tests from the
monitoring program is not explained.
The frequency of sampling abruptly drops off, apparently due to an assumption that all analytes will be below
discharge criteria. This assumption does not consider seasonal variation in water quality; nor does it consider
the likelihood of upset conditions during construction of the repository (e.g. sudden inflow of groundwater with
highly elevated salinity and/or metals).
The link between the design of the monitoring program and the requirements of the environmental management
system is not obvious. The level of confidence associated with the frequency and extent of sampling requires
explanation.
In particular, the explicit identification of the performance or acceptance criteria to be applied to surface water
quality data is required. These performance or acceptance criteria describe the data quality objectives that
should be achieved in order to minimize the possibility of either making a decision error or failing to keep
uncertainty in estimates to within acceptable levels (e.g. specification of the required precision and accuracy of
measurements of each COPC and specification of the acceptable probability either a false positive or false
negative when testing for exceedances of discharge criteria).
OPG Response:
This response is provided as six numbered segments to correspond with the six bullet points presented in the
Information Request.
1. As described in Technical Information Session #1 (OPG 2012a), all underground water and all surface
runoff from the DGR Project site will be routed to the stormwater management pond (SWMP). One
sample location will be sited at the sump discharge, through which all underground water will flow, in
order to characterize the sump water quality. A second location, chosen near the Waste Rock
Management Area, will characterize the surface water runoff from the waste rock piles and other areas
of the DGR Project site.
The sample site located at the SWMP outlet will be used to verify that the discharge meets
Environmental Compliance Approval (ECA) criteria (previously called Certificate of Approval discharge
criteria).
The three locations constitute adequate coverage of the surface water management system, as there
will be a sampling location corresponding to each of the two key inputs to the SWMP and the discharge
from the SWMP. The two surface water sampling locations upstream of the SWMP will characterize the
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discharge from each of the two sources (the sump and the runoff from the Waste Rock Management
Area), and they will serve as an early detection sampling location for changes to characteristics of inflow
to the SWMP.
With respect to the effect on the adjacent wetlands, all surface runoff from the DGR site will drain to the
SWMP via the perimeter ditch system thus preventing a contaminant pathway via surface runoff.
Although the till underlying the DGR site is expected to prevent any shallow groundwater flow to the
wetland, the shallow groundwater monitoring well network will also be capable of detecting changes
resulting from site activities and changes to the water table near the marsh in the northeast portion of
the Project Area (NWMO 2011, Section 3.1). For additional details on shallow groundwater monitoring,
refer to the response to OPG’s response to IR EIS-05-173.
2. Refer to OPG’s response to Undertaking 13 to the Technical Information Session #1 (OPG 2012b) for a
detailed discussion on the process used to develop the list of chemicals of potential concern (COPCs)
and the rationale for the selected COPCs. Contributors of water to the SWMP, including volumes
projected for each contributor during the site preparation and construction and operations phases of the
project, are described in this response.
3. The stormwater management system and corresponding monitoring program have been designed to
prevent the release of deleterious substances to Lake Huron. Key design features to control
contaminant concentrations in the stormwater discharge include:








all surface water (including the shaft sump discharge) from the site will drain to the SWMP via a
perimeter ditch system for a single point of discharge from the site;
vegetated perimeter ditches for the DGR site to control sediment loading;
SWMP design will control sediment and suspended solids;
an oil/water separator (e.g., stormceptor) will control hydrocarbon releases, Total Suspended
Solids (TSS), and metals associated with TSS;
shaft liner design will minimize the amount of groundwater seepage into the shaft, thus
minimizing sump discharge; and
SWMP discharge is conveyed through approximately 1 km of vegetated drainage ditch prior to
discharge to MacPherson Bay.

Toxicity testing has not been recommended because there are no direct discharges to a water body
supporting fish habitat. The SWMP discharges directly to an ephemeral ditch (i.e., Interconnecting Road
ditch), which is frequently dry and is not characterized by the Saugeen Valley Conservation Authority as
providing fish habitat (LGL 2002). Discharge from the SWMP is conveyed through approximately 1 km
of drainage ditch prior to discharge to MacPherson Bay in Lake Huron.
4. The sampling frequency recommended under activity C-EA-SW1 of Table 3a (NWMO 2011) has the
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objective to verify that the water quality at the discharge meets the criteria. A larger number of samples
are required to accurately characterize the water quality in the initialization period. If the data are
consistently below the criteria in the first week, sampling may be reduced to weekly. If data are
consistently below the criteria for the first month, the sampling may be reduced to quarterly. This
volume of data and sampling frequency is expected to be sufficient to identify an upward trend in the
discharge concentrations. If exceedances are detected, the mitigation measures can be implemented,
and the verification sampling schedule would follow the same schedule as the initialization period. Note
that a detailed sampling plan will be developed prior to the site preparation and construction phase as
described in Section 12 of the EA Follow-up Monitoring Program (NWMO 2011), and that sample
frequency may be adjusted based on the data quality objectives of the detailed sampling plan.
EA follow-up sampling will occur for one year during operations to confirm: the predictions in the
Environmental Impact Statement that the concentrations of COPCs will peak during site preparation and
construction; that the effects will be mitigated through the stormwater management system design; and
that the discharge criteria are not exceeded. If data are not consistent with predictions, then further
monitoring will be recommended, as part of the EA follow-up monitoring process. Note that surface
water sampling will continue for the ECA throughout the operations phase as described in the EA
Follow-up Monitoring Program (NWMO 2011, Table 6, Activity C-REG-SW1) and will comply with the
conditions of the approval.
In addition, weekly inspections will be conducted to ensure the pond is free of floating and settleable
solids, and does not contain oil or any other substance in amounts sufficient to create a visible film, foam
or discoloration or any other deleterious substance (NWMO 2011, Table 3a, Activity C-EA-SW2).
Weekly visual inspections of the entire stormwater management system (including perimeter ditches) will
be conducted under the Environmental Management Plan (EMP) monitoring program (NWMO 2011,
Activity C-EMP-SW2 and O-EMP-SW2 of Table 4a and 4b respectively).
5. As stated in the EA Follow-up Monitoring Program (NWMO 2011, Section 12), detailed sampling plans
will be developed in accordance with N288.4-10 (CSA 2010) for field sampling programs summarized in
Table 3 (NWMO 2011) and will include a statistical evaluation to support the sampling schedule. The
Data Quality Objectives process is an iterative process. Preliminary sample frequencies, locations,
durations and water quality objectives have been outlined in Table 3a (NWMO 2011). Current baseline
surface water quality characterization work is ongoing at MacPherson Bay (SW6). The sample
frequency and duration needed to detect an effect is influenced by the estimated baseline variability, and
the results of the surface water modeling. Once the current surface water baseline monitoring program
and the surface water modeling are completed, a detailed surface water sampling plan can be
developed.
6. Preliminary performance criteria have been developed based on generic water quality objectives, and
are listed under activity C-EA-SW1 in Table 3a (NWMO 2011). Further identification of performance or
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acceptance criteria for surface water data will be developed concurrently with the detailed sampling plan
for site preparation and construction, and will incorporate input from the regulators during the ECA
process. Preliminary baseline monitoring is currently underway, and will include statistical analysis that
will influence the detailed sampling plan and data quality objectives, including the
performance/acceptance criteria.
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills.
N288.4-10.
LGL. 2002. Bruce Nuclear Power Development Bioinventory Study - Final Report. LGL Ltd. Project No.
TA2522.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document
NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216CORR-00531-00123, July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Additional Responses to Undertakings from Technical Session #1”, CD# 00216CORR-00531-00136, August 31, 2012. (CEAA Registry Doc# 715)

EIS-05-173

 Section 16,
Follow-up
Program

Information Request:
Provide additional, detailed justification of the follow-up monitoring program for the shallow groundwater (Table
3a and pages 8-10). The justification is to include:


a description of the location of the 8 shallow groundwater monitoring wells, including an explanation of
how these wells constitute adequate coverage of the potential for impacts on groundwater;



an explanation for the list of analytes for groundwater quality analysis (major ions, general chemistry,
pH, temperature, electrical conductivity, trace elements, and petroleum hydrocarbons) including the
expected sources of chemicals of potential concern (COPC) that may migrate to shallow groundwater
during site preparation, construction and operation, and any screening of COPC that may have taken
place prior to determination of the list of analytes for monitoring;



the rationale for the frequency of sampling;



an explanation of how the monitoring program has been designed to ensure data quality in support of
confident environmental management decisions; e.g. how the number of wells and the planned
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frequency of sampling produces confidence that management of any movement of COPC to
groundwater is implemented in a timely manner such that exceedances will not occur; and


the explicit identification of the performance ot acceptance criteria to be applied to groundwater data.

Context:
“The EA follow-up groundwater monitoring will be capable of detecting spatial and temporal changes in
groundwater quality within the uppermost aquifer beneath the DGR surface structures.”(Follow-Up Monitoring
TSD, page 9). This statement requires additional explanation and justification according to the standard
approaches used for the identification of Data Quality Objectives.
In particular, the explicit identification of the performance or acceptance criteria to be applied to groundwater
data is required. These performance or acceptance criteria describe the data quality objectives that should be
achieved in order to minimize the possibility of either making a decision error or failing to keep uncertainty in
estimates to within acceptable levels (e.g. specification of the range of possible true values of the COPC that
correspond to baseline and specification of the acceptable probability of Type I and Type II errors when testing
for difference from baseline conditions).
Particular attention should be given to verifying predicted effects on the adjacent wetlands.
OPG Response:
The locations of the shallow groundwater monitoring wells are shown in OPG’s response to Undertaking TIS 6
(OPG 2012, Enclosure 2). NWMO (2011a) provides a description of the well locations, list of analytes, sampling
frequency, quality assurance and control measures, and performance measures for groundwater quality.
Wells are located near to and downgradient of potential sources of groundwater contamination: DGR surface
facilities, waste rock piles, and the stormwater management pond. Downgradient wells are spaced at a nominal
100 metres. Two additional downgradient wells were included in the monitoring network to ensure complete
coverage of these potential sources of contamination, increasing the total number of wells from 8 to 10. The
shallow monitoring network was installed in July 2012 with initial samples collected in August 2012.
There are no anticipated effects from groundwater on the adjacent wetland. Continued monitoring of water levels
in the wetland and in the bedrock aquifer are planned as described in the DGR EA Follow-up Monitoring
Program (NWMO 2011b). This will allow the relative hydraulic gradient between the bedrock aquifer and the
wetland to be observed and to confirm there is no connection between them.
GEOFIRMA (2012) also completed a review of appropriate Contaminants of Potential Concern (COPCs), and as
a result nitrogen compounds (nitrate, nitrite and ammonia) were added to the list of analytes to confirm impacts
from blasting.
Analysis for pH, conductivity, temperature and major ions will provide basic information on groundwater quality
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and will allow for a charge balance to be completed as a quality assurance measure.
Trace elemental analysis will allow for the early detection of elements which may indicate groundwater
contamination from activities at the surface facilities.
Tritium and gross beta will be analyzed to detect radionuclides which may indicate migration from surface
facilities and/or the existing Western Waste Management Facility (WWMF). These analytes are the same as
those included in the existing radiological monitoring program at the WWMF.
Petroleum hydrocarbons are included in order to detect any influence from vehicular sources and other common
industrial sources at the surface facilities.
Quarterly sampling will allow seasonal trends to be identified. This monitoring frequency is consistent with
shallow groundwater monitoring at other OPG facilities at the Bruce nuclear site, including RWOS1, the WWMF,
and the conventional landfill site. Groundwater velocities in the bedrock aquifer are on the order of 0.2 to 12.5
metres per year (Jensen 1995, p.5) and as a result quarterly sampling would provide ample warning of
contamination migration before it had travelled beyond the site perimeter
Values for COPCs will be assessed against baseline levels and Table 3 of Soil, Ground Water and Sediment
Standards for Use Under Part XV.1 of the Environmental Protection Act (MOE 2011) for a non-potable
groundwater condition. In support of the Data Quality Objective process, Method Detection Limits (MDLs) are
being reviewed to ensure they are adequately low compared to current levels of COPCs or regulatory criteria
where they exist, to ensure the monitoring program can detect any significant changes from baseline conditions.
A detailed sampling plan will be developed for the site preparation and construction phase in accordance with
CSA N288.4-10 (CSA 2010), and will include data quality objectives and actions levels (performance or
acceptance criteria) that will be influenced by the results of the ongoing baseline monitoring. The design of the
groundwater monitoring program will be reviewed before the end of the site preparation and construction phase
to assess the appropriate monitoring frequency during operations.
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills.
Canadian Standards Association N288.4-10.
GEOFIRMA. 2012. Environmental Monitoring Program DGR- and US-Series Boreholes 2011 Annual Report.
Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-REP-034200002-R000. Toronto, Canada.
Jensen, M.R. 1995. BNPD RWO Site 2: Numerical Groundwater Flow System Analysis. Ontario Power
Generation report NK37-03480-94012.
MOE (Ontario Ministry of Environment). 2011. Soil, Ground Water and Sediment Standards for Use Under Part
692

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
XV.1 of the Environmental Protection Act. April 2011. (available at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/stdprod_086516.pdf)

NWMO. 2011a. Shallow Groundwater Quality Monitoring. Nuclear Waste Management Organization document
NWMO DGR-REP-03440-0001 R000. Toronto, Canada.
NWMO. 2011b. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document
NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Responses to Undertakings from Technical Information Session #1”, CD# 00216CORR-00531-00132, August 15, 2012. (CEAA Registry Doc# 692)
EIS-05-174

 Section 11.4.7,
Atmosphere
 Section 16,
Follow-Up
Program

Information Request:
Provide the rationale for proposing the air quality monitoring location near the main entrance (which lies between
the site where construction activities will occur and the property boundary where air quality predictions have
been made).
Context:
Monitoring results from the main entrance cannot be compared with the air quality predictions made during the
environmental assessment. Therefore, this is not a suitable monitoring location. It is more appropriate to choose
a sampling location where maximum ground level concentrations were predicted, or at sensitive receptor
locations, so that predictions can be verified.
OPG Response:
The Atmospheric Environment Technical Support Document (GOLDER 2011, Section 8.2.3.2) reports maximum
modelled concentrations of air quality indicators. OPG’s response to Information Request EIS-04-141 (OPG
2012) provides a figure identifying the locations of maximum concentrations of air quality indicators during site
preparation and construction. The location of the predicted annual maximum concentration of NO2 and
Suspended Particulate Matter (SPM) is outside OPG retained lands and the Bruce nuclear site, in the vicinity of
the main entrance gate to the Bruce nuclear site.
In selecting the location of air quality monitoring locations, several logistical and physical constraints were
considered, including security, power supply and accessibility. The location of the predicted maximum ground
level concentration does not satisfy these constraints for any of the air quality indicators. As a result of the
logistical considerations for the selected location, which is near to the location of the maximum predicted
concentrations for two indicators, it is expected that representative data could be more reliably obtained at the
proposed monitoring location on OPG retained land, still in the vicinity of the main entrance to the Bruce nuclear
site nearer to the guardhouse, which would provide appropriate accessibility, security and power supply.
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The air quality model can predict concentrations at any point within the Site Study Area. Therefore, verification
of the model is not limited to the location of the predicted maximum ground level concentration. The data at the
selected monitoring location can be compared with the predicted values for the same location.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada (CEAA Registry
Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00138, September 6, 2012 (CEAA Registry Doc# 725)

EIS-05-175

 Section 11.4.7,
Atmosphere
 Section 16,
Follow-Up
Program

Information Request:
Provide the rationale for excluding substances such as CO, SO2, O3, VOCs and PAHs from the air quality
monitoring program.
Context:
Due to increased construction activities, off-road and on-road sources (which are mainly powered by diesel fuel,
and to a lesser extent gasoline) will increase emissions of these substances.
OPG Response:
Follow-up monitoring was proposed for indicators that were predicted to have a residual adverse effect that
resulted in a high magnitude (maximum predictions are greater than the criteria) or medium magnitude (greater
than 50% of the criteria). In Section 11 of the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011),1-hr NO2, 24-hr NO2, 24-hr SPM, 24-hr PM10 and 24-hr PM2.5 were predicted to be of either
medium or high magnitude during the site preparation and construction phase (Table 11.2.1-1). During
operations, 24-hr SPM, 24-hr PM10 and 24-hr PM2.5 were predicted to be of medium magnitude (Table 11.3.1-1).
Two of the air quality indicators, carbon monoxide (CO) and sulphur dioxide (SO2), were not identified for
inclusion in the follow-up monitoring program. During site preparation, construction and operations, CO is
predicted to be of low magnitude because the maximum predicted concentrations are a fraction of the respective
criteria shown in Table 11.1.1-1 (GOLDER 2011). The maximum 1-hr CO prediction during the site preparation
and construction phase was 7.1% of the criterion while the maximum 8-hr prediction was 10.6% of the criterion.
CO was not included in the follow-up monitoring program because of these low predicted concentrations. The
maximum predicted SO2 concentrations were not predicted to change as a result of the emissions from the DGR
694

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Project (refer to OPG’s response to Information Request (IR) EIS-04-140 (OPG 2012a)). There were no
predicted adverse effects for SO2, therefore it was also not included in the follow-up monitoring program.
Ozone (O3) will not be emitted by the DGR Project and, while compounds that could be considered precursors
for ozone will be emitted (NOx and small quantities of VOCs), there is no expectation that the amounts emitted
will cause an increase in ozone on either a local or regional scale. Precursor emissions are primarily NOx, which
can cause a localized reduction in ozone concentrations. For these reasons, ozone was not used as an
indicator in the assessment, and no follow-up monitoring was recommended for ozone.
A number of other compounds that are emitted to air in relatively small amounts from the DGR Project were not
identified as air quality indicators in the Atmospheric Environment TSD (GOLDER 2011), but were considered
as inputs for the human health assessment (refer to OPG’s response to IR-EIS-04-138 (OPG 2012a)). The list
of non-indicator compounds evaluated includes a number of individual compounds that could be characterized
as either volatile organic compounds (VOCs) or polycyclic aromatic hydrocarbons (PAHs). The primary source
of emissions of VOCs and PAHs from the DGR Project are the same as those that contribute to the nitrogen
dioxide (NO2) levels, that is, the exhaust from diesel fuel equipment during the site preparation and construction
phase. In addition, the maximum predicted concentration of each of the VOC and PAH compounds (refer to
OPG’s response IR-EIS 04-138 (OPG 2012a)) is less than the relevant Ontario criterion, with the exception of
acrolein (refer to OPG’s responses to IR-EIS-01-09 (OPG 2012b) and IR-EIS-05-223). Given that the bulk of
the PAH and VOC concentrations are low relative to any criteria, and that the emissions are related to the same
sources that contribute to ambient NO2 levels, which is included as part of the follow-up monitoring program, no
additional monitoring of these non-indicators was proposed.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry
Doc #300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD#
00216-CORR-00531-00138, September 6, 2012. (CEAA Registry Doc #725).
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-0053100108, March 9, 2012. (CEAA Registry Doc #363).
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Information Request:
Justify the termination of the Atmospheric Follow-Up Monitoring Program after one year of monitoring.
What considerations are being proposed in the re-evaluation of monitoring at the end of each year?
What criteria would result in a decision to continue or discontinue monitoring?
Context:
Considering the length of the site preparation and construction phase (5-7 years), and that the degree of activity
may not be equal in all years, a single year of atmospheric monitoring is likely inadequate to verify predictions.
OPG Response:
The objective of the air monitoring activity C-EA-ATM-1 described in Table 3a of the EA Follow-up Monitoring
Program (NWMO 2011) is to verify the predictions in the air emissions model in the EIS and to confirm the
magnitude of the effect, as well as to confirm the effectiveness of mitigation measures. The emissions are
predicted to peak in year one, which was used as the bounding scenario for the site preparation and
construction phase. After year one, site preparation activities will be completed and for the next several years
the primary work will be focused underground, sinking the shafts and developing the repository. If the indicators
monitored (PM2.5, PM10 and NOx) throughout the first year of site preparation and construction are measured
below the predicted values, then the predictions are considered to be verified (as is the magnitude of the effect),
and mitigation measures effective. Further monitoring for the purpose of verification could be discontinued.
In evaluating monitoring or air quality indicators at the end of each year, the following would be considered:






frequency of exceedance of the predicted values of the indicator compounds;
a change in the scheduling of project activities resulting in the peak emission period occurring beyond
year one of site preparation and construction;
use of on-site equipment or processes which differ substantially from those modelled (changes not
bounded by the modelling completed as part of the EA); and
air quality complaints from the public.

Consideration would be given to continuing monitoring of air quality indicators in the event that predicted
concentrations were exceeded frequently throughout the monitoring period and no non-DGR activities were
known to contribute to the exceedance.
The maximum values predicted in the EIS are the proposed criteria that will be used to evaluate the measured
concentrations of the indicator compounds monitored, and are listed under activity C-EA-ATM1 of Table 3a in
the EA Follow-up Monitoring Program.
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Reference:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document
NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-05-177

 Section 8,
Description of
the Project
 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

Information Request:
Are Salina B salt horizons likely to be removed from the subsurface in the regional study area in the future? How
would this affect the long-term stability of the DGR?
Context:
The Salina Formation shows strong evidence for systematic and local removal of salt. The elevated hydraulic
conductivity and low TDS in the Salina B carbonate suggests that under some circumstances (such as partial
glacial cover), there has been significant circulation of water.
Available regional data (as stated in the Regional Geology Report) are sparse making detailed predictions about
the future challenging.
Information in OPG reports concern the possible future collapse of upper formations owing to salt dissolution
and/or the presence of undetected paleokarsts in the upper Salina formation (including Salina B).
OPG Response:
The hypothetical regional scale dissolution of salt units within the Salina Formation would not influence predicted
DGR performance. At the Bruce nuclear site, the Salina B Unit evaporite has been almost entirely removed and
is referred to as the B equivalent (INTERA 2011, Section 3.8.3.6). Both the B and D salt units are interpreted to
have been removed by dissolution processes (confirmed by drilling of the DGR boreholes) that occurred in the
Paleozoic. Dissolution of the salts is interpreted to have begun shortly after their precipitation and, over
geological time, was responsible for collapse features within the overlying Devonian units (AECOM and ITASCA
CANADA 2011, Section 4.2.5). Selective dissolution of evaporites also resulted in common breccia facies within
the Salina units. Up to 4.0 m (1.6 m to 4.0 m) of mixed gypsum, anhydrite and dolostone remain in the Salina B
evaporite equivalent at the site (INTERA 2011, Table 3.1). In descending order, the B Unit typically consists of
21.2 m to 40.8 m of grey-green brecciated argillaceous dolostone and a basal bed of 1.6 m to 4.0 m thick grey
anhydrite with brown dolostone layers. The upper brecciated unit consists of angular tan-to-grey dolomitic
mudstone and dolostone clasts within a grey dolomitic shale matrix that is infilled with secondary white to bluishgrey anhydrite/gypsum veins, layers and nodules. The lower evaporite bed is grey with brown dolostone layers.
Salt is commercially extracted approximately 60 km south of the Regional Study Area at Goderich, where salt
has been mined continuously since 1959 at depths approaching 500 m (NWMO 2011, Section 2.2.8), The B Unit
salt is interpreted to be approximately 30 m in thickness at Kincardine (~20 km south of the site). However, the
Salina salt has been dissolved and removed over most of the Regional Study Area through natural geologic
697

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
processes, as described above (NWMO 2011, Section 2.2.8.3). Halite is found only beneath the southwest
portion of the Regional Study Area, while anhydrite is found beneath the Bruce nuclear site and extending to the
basin margin pinching out against the Algonquin Arch. The interpreted distribution of salt across southern
Ontario is shown in Figure 1 (AECOM and ITASCA CANADA 2011, Figure 4.9).
Evidence of glacial recharge in the Upper Silurian sediments at the site is limited to the Bass Islands, and the G
and F Units, as well as the thin confined Salina A1 Unit carbonate aquifer (325.5 m to 328.5 m below ground
surface), while the remainder of the Silurian formations suggest minimal to no impact by glacial meltwater
infiltration. The Salina A1 carbonate aquifer shows evidence of mixing with glacial meltwater (depleted in 18O
and 2H), but retains a groundwater Total Dissolved Solids of approximately 30 g/L.
The variability in formation depths and thicknesses above the Salina B Unit in the DGR boreholes is most likely
due to collapse and minor rotation of the overlying bedrock following paleo-dissolution of the Salina B and Salina
D Unit salt beds (INTERA 2011, Section 3.5). Below the B Unit, however, there is no evidence of collapse or
disturbance features associated with the dissolution of the Salina salts, and the rock strength of the Ordovician
shales and carbonates average 53 MPa and 113 MPa, respectively (NWMO 2011, Sections 5.7 and 5.8). In
addition, the Salina Formation units are >300 m above the proposed repository depth. The porewater chemistry
data indicates that the deep groundwater system has been isolated from surface-based and shallow
groundwater system processes (i.e., glaciations). The geochemistry and hydrogeological modelling further
suggest that the deep groundwater system has solute residence times on the order of hundreds of millions of
years (NWMO 2011, Section 5.4) due to the extremely low measured hydraulic conductivities (10-13 to 10-15 m/s,
INTERA 2011, Section 4.9, Figure 4.88), and that the system will remain stable over the long term. Based on
these observations, as well as the stratigraphic continuity and predictability across the site, any subsequent salt
dissolution processes (that could only occur away from the Bruce nuclear site) would have no effect on the
integrity of the Ordovician sediments at the proposed repository location.
All of this information supports the conclusion that any future dissolution of salt within the Regional Study Area,
or beyond, is expected to have no impact on the long-term integrity of the DGR.
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Note: Figure is adapted from Sanford et al. (1985).

Figure 1: Distribution of Salt in the Salina Formation in Southern Ontario
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References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15
R000. Toronto, Canada. (available at http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-05-178

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.2,
Surface Water
 Section 10.1.3,
Groundwater
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3
Groundwater

Information Request:
a) Provide information on the depth to, and nature of, the deepest stratigraphic horizons penetrated by bore
holes with the Regional Study Area,
b) What is the decommissioning status of these boreholes? How will the incompleteness or absence of data be
addressed?
c) What is the potential impact of these bore holes on the long term regional groundwater flow regime in the
RSA? How would this impact the post-closure phase of the DGR?
Context:
Existing oil and gas exploration boreholes may constitute a factor in vertical permeability through barrier
horizons.
OPG Response:
a) Within the Regional Study Area for DGR geoscientific studies, 341 exploratory borehole records (19302008) were identified within the publicly-available Ontario Oil, Gas, and Salt Resources Library (OGSRL)
Petroleum Wells Database. A listing of the information for these 341 well records, which includes
coordinates, total depth, formations contacts and well collar elevations, is provided in Appendix C.1 of
ITASCA CANADA and AECOM (2011). The exploratory wells were drilled for one of three purposes: i) salt
exploration within the Silurian sediments; ii) oil and gas exploration within the Silurian Sediments; or iii) oil
and gas exploration within the Ordovician carbonates. Table 1 below lists 27 well records from the OGSRL
database within 40 km of the Bruce nuclear site that include borehole status, discussed further in part b).
Additional information on borehole location and depth is illustrated in Figure 2.11b in the Geosynthesis
(NWMO 2011).
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Table 1: List of Boreholes within 40 km of the Bruce Nuclear Site and their Current Status

Well Status

Total
Depth
(TD)
metres

Formation at
TD

Plug Date

Distance
from Bruce
site (km)

Lake St Clair
Gasfields, Kinloss
- 69 – I

Abandoned
Well

1021.38

Precambrian

19-Mar-56

38.5

F012063

Felmont Oil,
Huron - 10 – I

Abandoned
Well

568.76

Cabot Head

21-Jan-59

37

3

F012066

Felmont Oil,
Huron - 31 – I

Abandoned
Well

566.93

Cabot Head

24-Apr-56

34.5

4

F012077

Dominion Gas Smyth No.1,
Culross - 18 – XIII

Abandoned
Well

726.6

Cobourg

12-Sep-41

36

5

F012078

Imperial Oil,
Huron - 9 – XI

Abandoned
Well

507.49

Guelph

11-Aug-56

27

6

F012090

Imperial 167 S.T.
No. 7, Brant - 25
– IN

Unknown

64.01

Unknown

Unknown

39.5

7

F012093

Imperial (172) S.T.
No. 8, Brant - 10
– IVN

Abandoned
Well

35.05

Salina G Unit

22-Jul-48

38

8

F012102

Union Gas Co. Kincardine No.1 J.J. Sem

Abandoned
Well

890.9

Cambrian

20-Jan-42

6.5

9

F013552

Kincardine Salt,
Kincardine

Unknown

342.9

Unknown

Unknown

18

10

T001720

B.P. Exploration
Triad, Saugeen 29 – II

Abandoned
and Junked
(Lost)

315.47

Manitoulin

07-Jul-64

20

11

T001720A

BP Triad, (A),
Saugeen - 29 - II

Abandoned
Well

722.38

Precambrian

02-Aug-64

20

Well
Licence
Number

Well Name

1

F012061

2
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12

T001892

Home C.D.R.,
Saugeen - 12 - I

Abandoned
Well

770.5

Precambrian

25-Mar-65

14

13

T001925

BP Triad,
Kincardine - 17 –
VIII

Abandoned
Well

912.9

Precambrian

06-Apr-65

15

14

T001942

BP Home,
Kincardine - 57 –
C

Abandoned
Well

897.9

Precambrian

11-Mar-66

8

15

T002238

Texaco No.4
Home C.D.R.,
Bruce - 1 – VIII

Abandoned
Well

850.4

Precambrian

18-Jan-67

6

16

T002636

Texaco No.6
Bruce 8-E-IV,
Bruce - E – IV

Abandoned
Well

881.5

Cambrian

06-Feb-69

3.5

17

T002663

PINETREE MIDNORTHERN
NO.1, Huron - 63
–I

Abandoned
Well

608.69

Cabot Head

18-Apr-69

33

18

T002730

PINETREE ET AL
NO.1, Greenock 3 – IN

Abandoned
Well

429.46

Cabot Head

04-Jun-69

28.5

19

T003350

Barr MacKinnon
No. 1, Bruce - 12
– IX

Abandoned
Well

393.8

Cabot Head

18-Mar-72

11

20

T003387

Barr Cormack No.
1, Bruce - 22 –
XIII

Abandoned
Well

335.89

Cabot Head

18-May-72

17

21

T003535

FITZGERALD,
Huron 1 - 33 - LR

Abandoned
Well

583.69

Cabot Head

28-Mar-73

26.5

22

T003553

FITZGERALD,
Kinloss 3 - 6 – IX

Abandoned
Well

511.45

Cabot Head

09-Aug-73

32

23

T003588

FITZGERALD,
Kincardine 1 - 14
– VIN

Abandoned
Well

481.89

Cabot Head

29-May-73

15
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24

T003656

JACKLIN, Ashfield
- 44 – FCNPA

Abandoned
Well

643.13

Cabot Head

18-Oct-73

33.5

25

T003684

THIMAC, Ashfield
2 - 6 – XIIIWD

Abandoned
Well

612.34

Cabot Head

18-Apr-74

37

26

T004854

Pacific, Greenock
1 - 32 – VIII

Abandoned
Well

894

Precambrian

14-Feb-79

23.5

27

T004910

Amoco A-1,
Kincardine 2 - 31
–V

Abandoned
Well

909

Precambrian

25-Jul-79

21.5

b) As discussed in a), the decommissioning status of the 27 boreholes within a 40-km radius of the Bruce
nuclear site is described in Table 1 (above). Note that there are several designations for decommissioned
boreholes (e.g., Abandoned Well, Abandoned and Junked (Lost), Unknown, Suspended), and indications of
wells that are still in use (Active). The usage of this terminology is as follows:






Active - A well which is in active operation in accordance with the purpose for which it is licensed.
Abandoned - A well which is officially plugged and abandoned.
Abandoned & Junked (lost) - A well abandoned because of mechanical difficulties in the hole.
Unknown - A well for which there is no available information on mode in Ministry records.
Suspended - A well that failed to achieve or is no longer being used for its licensed purpose, and
the well has not been plugged.

The nearest borehole is abandoned well Texaco No. 6 (Well Licence Number T002636), which is
approximately 3 km east of the Bruce nuclear site.
It is noteworthy that information gathered during site-specific geoscientific studies indicates that the
groundwater system within the Ordovician sediments that would host and enclose the DGR is stable and
diffusion dominated (NWMO 2011, Section 8). In this circumstance, abandoned or poorly sealed boreholes
that are not recorded in close proximity to the DGR footprint are unlikely to influence long-term DGR safety.
This is illustrated by safety analyses in which disruptive scenarios (that include a poorly sealed borehole
situated 100 m horizontally from the DGR footprint) are assessed. Further details are provided in the
response c) below.
c) The long-term influence of historic exploratory boreholes on long-term regional groundwater system
performance was not examined. It is possible that poorly sealed wells intersecting over-pressured saline
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aquifers may lead to cross formational flow and groundwater quality implications. Regardless, the regional
groundwater system does not influence the diffusion-dominated mass transport conditions within the deep
Ordovician groundwater system that would host the DGR (NWMO 2011, Sections 4.5, 5.5 and 8) (Sykes et
al. 2011, Section 7.3). As a consequence, the abandoned historic boreholes would have no influence on
long-term DGR safety.
As an illustration, a safety analysis is described by QUINTESSA et al. (2011, Sections 6.2.4 and 7.2.3) in
which a hypothetical poorly sealed borehole is positioned 100 m horizontally from the DGR footprint. The
results of the analyses estimate a peak public dose consequence of 4 x 10-8 mSv/a at 900,000 years. This
estimate is significantly less than the regulatory dose criterion of 1 mSv/a.
References:
ITASCA CANADA and AECOM. 2011. Three-Dimensional Geological Framework Model. Itasca Consulting
Canada, Inc. and AECOM Canada Ltd report for the Nuclear Waste Management Organization NWMO DGRTR-2011-42 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-05-179

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.7,
Climate,
Weather
Conditions and
Air Quality
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
What is the likelihood of closure of the upper Great Lakes drainage due to future climatic desiccation?
How would closure of the drainage affect the long-term integrity of the DGR?
Context:
No context required.
OPG Response:
Future climatic desiccation leading to closure of the upper Great Lakes drainage would be associated with a
reduced depth of water in Lake Huron. This is not relevant to the long-term integrity of the DGR, and therefore
we have not analyzed the likelihood of this closure.
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The long-term DGR integrity is based largely on the properties of the rock formations hosting the repository. It is
not related to surface water conditions as the repository is isolated from the surface by hundreds of metres of
low-permeability rock and shaft seals.
This is supported in part by the observations that the porewaters in the Ordovician rocks are ancient, and have
remained within the rock for millions of years, including past periods of glaciation. These glacial cycles have not
caused flow within these rocks, even though they have included periods of reduced precipitation, changes in
surface drainage, and changes in lake levels.

EIS-05-180

 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.2,
Surface Water
 Section 10.1.3,
Groundwater

Information Request:
a) What evidence is there of the potential for preferential flow development from near surface exposures of the
primary barrier and host formations in the areas where they approach the ground surface?
b) What would the impact of preferential flow be on hydrogeological simulations which rely on hydrogeologic
properties measured from DGR boreholes?
Context:

 Section 11.4.1,
Geology and
Geomorphology

Formations containing fractures, especially vertically oriented fractures are be prone to preferential flow. Those
formations vulnerable to dissolution (e.g., carbonates & evaporites) may develop enhanced permeability when
subject to a significant flux of water.

 Section 11.4.2,
Surface Water

Flow through fractures and fractures enlarged by dissolution increases the effective porosity and permeability
with a proportionate enhancement of groundwater velocities.

 Section 11.4.3,
Groundwater

OPG Response:
Geoscientific evidence gathered during the Deep Geologic Repository (DGR) site-specific and regional studies
indicates that mass transport within the deep Ordovician groundwater system in which the DGR resides is
diffusion dominant. This is, in part, due to the preservation of extremely low rock mass permeabilities over
geologic time within the Ordovician sediments that would host and enclose the repository. As a consequence,
future development of preferential groundwater flow within fractures created or enlarged by dissolution is
considered highly unlikely.
The nearest outcrops of the primary barrier formations (Ordovician shales and the Ordovician carbonates) occur
approximately 75 to 100 km away from site – on the Niagara Escarpment. Figure 1 and Figure 2 show the
mapped and interpreted outcrop locations of the sedimentary rocks as they occur within southwestern Ontario
and across the Michigan Basin, respectively (NWMO 2011, Figure 2.3 and Figure 2.4). Where the formations
outcrop at surface, it is anticipated that higher near surface permeabilities will exist; however, as characterization
and Geosynthesis activities at the Bruce nuclear site have demonstrated, solute transport is diffusion-dominated
at the repository horizon and in the primary barrier rocks within the Regional Study Area (RSA):
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Low hydraulic conductivities of the Ordovician barrier formations (10-12 to 10-15 m/s [INTERA 2011,
Figure 4.88]);
Long solute residence times interpreted from the site geochemistry (NWMO 2011, Section 4.4); and
Mean Life Expectancies (MLE >100 Ma) determined from the hydrogeological modelling (Sykes et al.
2011, Section 4.3).

As shown in Table 1 below (NWMO 2011, Table 4.2), the deep groundwater system is distinct and isolated from
the shallow groundwater system. Neither glacial nor oxygenated meteoric waters have interacted with the
Ordovician porewaters, and the deep system is resilient to external perturbations (i.e., glaciations, surface-based
processes).
As documented in the regional karst assessment, dissolution processes are most often observed in the shallow
subsurface, usually at less than 200 m below ground surface (mBGS) in southwestern Ontario, and potentially
reaching a maximum of approximately 300 mBGS in the Devonian carbonates of southern Huron County and
western Perth County (WORTHINGTON 2011, Section 3.1). The proposed DGR is situated approximately 680
mBGS within the Middle Ordovician limestone of the Cobourg Formation, which is overlain by more than 200 m
of low permeability shale. No evidence for karstification in deeper strata at the site was found in the DGR
boreholes (WORTHINGTON 2011, Section 4.3). The closest Ordovician carbonate outcrops are more than 100
km from the Bruce nuclear site. Near surface hydraulic gradients are low and, as described above, enhanced
rock mass permeabilities at or near points of formation outcrop are unlikely to extend more than 100 to 200
mBGS. As a result, the occurrence of modern karstification in the Ordovician carbonates at the site is highly
unlikely (WORTHINGTON 2011, Section 4.3). This assertion is supported by evidence from the Bruce nuclear
site of a diffusion dominated regime within the 400 m of Ordovician sediments that host and enclose the DGR
due, in part, to the existence and preservation of extremely low formation scale permeabilities over geologic
time. The presence of the anomalously low formation pressures in the Ordovician strata, diagnostic of large
domains of low permeability media, further imply the absence of high-permeability karstic or other enhance
permeability pathways (WORTHINGTON 2011, Section 4.3).
Regionally, and at the site, enhanced permeability due to dissolution (i.e., karstification) is observed to be a
relatively shallow process in the active shallow groundwater system (WORTHINGTON 2011, Section 3.1). The
site-specific geochemistry indicates that the shallow and deep groundwater systems are isolated, which supports
the conclusion that high-permeability pathways between the repository horizon and ground surface are not
present (WORTHINGTON 2011, Section 4.3).
Because the deep groundwater system, which includes the primary barrier formations (Ordovician shales and
carbonates), is demonstrated at the site to be diffusion-dominated, with long solute residences times and Mean
Life Expectancies >100 Ma derived from regional-scale modelling, surface-based processes and/or near-surface
enhancements of porosity (e.g., dissolution) where the formations outcrop (~100 km away from the site) will not
impact the longevity and predicted performance of the DGR and its geological barriers.
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Figure 1: Generalized Paleozoic Bedrock Geology Map of Southern Ontario
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Figure 2: Geological Cross-section through the Michigan Basin

Table 1: Fluid Chemistry with Depth in Sedimentary Formations
HS Unit

Depth (mBGS)

TDS (mg/L)

Water Type

pH

1: Overburden Aquitard

0-20

<500

Ca, Na-HCO3

7-8

2: Dolostone Aquifer

20-169.3

500 to 5000

Ca,Mg-HCO3 to Ca-SO4

7-8

3: Silurian Aquitards

169.3-447.7

10,000 to 350,000

Ca-SO4 to Na-Cl

7

4A: Silurian Aquifer
4B: Silurian Aquifer

325.5-328.5
374.5-380.0

30,000
370,000

Na-Cl
Na-Cl

7.1
6.8

5: Ordovician Shale Aquiclude

447.7-659.5

300,000

Na-Cl

**

6: Ordovician Carbonate

659.5-762.0

230,000 to 270,000

Na-Cl

**
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Aquiclude
7: Ordovician Carbonate Aquitard

762.0-838.6

200,000 to 230,000

Na-Cl

**

8: Cambrian Aquifer

838.6-860.7

225,000 to 235,000

Na,Ca-Cl

6-7

9: Precambrian Aquitard

>860.7

50,000 to 350,000

Ca,Na-Cl

6

**Extraction techniques were required to recover porewater from the formations within these aquitard and aquiclude
systems for geochemical analysis. Consequently, no measured pH values are available.

References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc #300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
WORTHINGTON. 2011. Karst Assessment. Worthington Groundwater report for the Nuclear Waste
Management Organization Report NWMO DGR-TR-2011-22. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-05-181

 Section 8.6,
Abandonment

Information Request:
a) Provide a conceptual abandonment plan for the DGR.
b) What institutional controls are being considered?
Context:
The EIS Guidelines state that "an abandonment plan is required to determine the safety of the facility and its
potential impact on human health and the environment."
According to the EIS Summary, page 40, abandonment begins when decommissioning is complete and includes
“institutional controls for a period up to 300 years”.
OPG Response:
As stated the Environmental Impact Statement (EIS) (OPG 2011, Section 4.12), an abandonment plan will be
developed and submitted to the Canadian Nuclear Safety Commission (CNSC) in support of the application for a
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Licence to Abandon, which would include a description of institutional controls. The DGR Preliminary
Decommissioning Plan (NWMO and CANDESCO 2011) provides a description of decommissioning activities as
well as the planned end state for the site.
Detailed pre-requisites for obtaining an abandonment licence will be determined after discussions with the
CNSC during the decommissioning phase of the DGR project. Class I Nuclear Facilities Regulations require an
application for licence to abandon to include the results of decommissioning and the results of the environmental
monitoring program. The General Nuclear Safety and Control Regulations require, in addition to other general
requirements for a licence application, the following information for an application for a licence to abandon:




the proposed time and location of the abandonment;
the proposed method of and procedure for abandonment; and
the effects on the environment and the health and safety of persons that may result from the
abandonment, and the measures that will be taken to prevent or mitigate those effects.

At this time only an outline of the abandonment plan can be presented at a conceptual level, as most of the
information required to prepare an abandonment plan will not be available until the time of closure of the facility.
a) Conceptual Abandonment Plan
The detailed abandonment plan will be prepared after a final end-state report has been submitted to the CNSC
on completion of decommissioning of the DGR, as per CNSC Regulatory Guide G-219, “Decommissioning
Planning for Licensed Activities” (CNSC 2000). The end-state report will demonstrate that the intended end
state has been achieved in accordance with the Detailed Decommissioning Plan and regulatory requirements,
and will identify what further work, if any, remains to be done prior to abandonment.
The plan is expected to consist of the following information:











the name and location of the land and structures that are to be abandoned;
description of the end-state conditions of the site;
description of activities that may be required to meet the pre-requisites for a licence to abandon; these
may include preparing the site for an intended alternate use;
the proposed method and procedure for abandonment;
identification of locations of shaft seals, plugged boreholes and wells, and those monitoring wells that
may need to be left in place for long-term monitoring;
required period of institutional controls and monitoring, if any, over that period;
description of proposed passive or active institutional controls;
plan for transfer of control of land to an appropriate government authority at an agreed time;
description of where the records for the facility relevant to preservation of knowledge of the DGR facility
layout, contents and safety aspects over the long term, will be available and in what form/media;
plans to provide any markers for the facility for preservation of memory of the site over the long term;
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description of any other provisions consistent with the international practice at the time, in the area of
abandonment of deep geologic repositories for radioactive waste; and
the effects on the environment and the health and safety of persons that may result from the
abandonment, and the measures that will be taken to prevent or mitigate those effects.

b) Institutional Controls
DGR postclosure safety assessment (QUINTESSA, GEOFIRMA and SENES 2011, Table 5-3 item 7) describes
institutional controls as measures taken in the near-term to ensure that information regarding the purpose,
location, design and contents of the repository is preserved so that future generations are made aware of the
consequences of any actions they may choose to take.
Institutional controls are typically of legal and administrative nature, and are commonly used world-wide to
ensure the protection of human health and the environment after decommissioning of a wide range of facilities
associated with use, storage or disposal of radiological and non-radiological hazardous materials.
The institutional controls for the DGR, assumed to be in place for up to 300 years for safety assessment
purposes, could include passive controls such as local land use controls, preservation of knowledge and
memory through public records/archives, and use of durable surface and/or subsurface markers. Active controls
could include activities requiring action by some authority to conduct monitoring, surveillance, maintenance of
the monitoring equipment, remedial work, maintenance of some aspects of the site features, etc. Beyond the
period of 300 years, there are no expectations in the DGR safety assessment with respect to any ongoing
societal control, monitoring or memory of the site. The assumed period of 300 years for institutional controls is
consistent with current international practice (e.g. SKB 2006).
To eliminate the possibility of inadvertent human intrusion through inappropriate land use during the institutional
controls period, including drilling, deep excavation or disruption of the shaft seals, it is expected that the
government authority in control of the land will have restrictions in place for this site. For example, there could
be zoning restrictions precluding deep drilling at the site.
A Licence to Abandon issued by the CNSC may include specific conditions that would apply throughout the
period of institutional controls. However, the site could be made available during the institutional control period
for other purposes that are consistent with any applicable land-use restrictions.
If the facility is decommissioned post-construction, at any time prior to start of operation, institutional controls
would not be required.
For additional information also see OPG’s response to IR EIS-05-194.
References:
CNSC. 2000. Decommissioning Planning for Licensed Activities. Regulatory Guide G-219 Canadian Nuclear
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Safety Commission. Ottawa, Canada.
NWMO and CANDESCO. 2011. Preliminary Decommissioning Plan. Nuclear Waste Management
Organization document NWMO DGR-TR-2011-39 R000. Toronto, Canada. (CEAA Registry Doc #300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement, Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc #298)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)
SKB. 2006. Long-term Safety for KBS-3 Repositories at Forsmark and Laxemar – A First Evaluation. Main
Report of the SR-Can Project. Swedish Nuclear Fuel and Waste Management Company Report R-06-09.
Stockholm, Sweden.

EIS-05-182

 Section 9.1,
Spatial
Boundaries and
Scale

Information Request:
Justify the validity of the chosen spatial boundaries within the timescales of the decommissioning and
abandonment phases of the DGR Project.
Context:
This IR should supplement the response to IR EIS 03-45
OPG Response:
As described in Section 5.1 of the Environmental Impact Statement (EIS) (OPG 2011), the DGR Project EIS
Guidelines (CEAA/CNSC 2009) require that the study areas encompass the environment that can reasonably be
expected to be affected by the DGR Project, or which may be relevant to the assessment of cumulative effects.
The application of these general study areas varies by environmental component to allow possible effects to be
fully considered. Specific descriptions of any modifications to the study areas adopted for each of the
environmental components are provided, including the rationale for their selection, in Section 5.1.6 of the EIS
(OPG 2011).
The study areas were defined to encompass potential effects of the DGR Project, irrespective of the phase the
effect occurs in. During the decommissioning phase, effects are largely expected to be similar to those identified
in the site preparation and construction phase. Potential effects during the abandonment and long-term
performance phase are limited to pathways through the geosphere as described in Section 9.4 of the EIS (OPG
2011) and the Postclosure Safety Assessment (QUINTESSA et. al 2011, Section 7). Based on the results of the
postclosure safety assessment (QUINTESSA et al 2011, Section 7) dose consequences from these pathways
would be the highest directly above the repository, and lower at more distant locations. The Regional Study Area
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for the Geology Technical Support Document (TSD) (GOLDER, 2011) corresponds to the regional ThreeDimensional Geologic Framework (ITASCA and AECOM 2011), which includes an area of approximately 35,000
km² surrounding the DGR.
References:
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep
Geologic Repository for Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 150)
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
ITASCA and AECOM. 2011. Three-Dimensional Geologic Framework. Itasca Consulting Canada Inc. and
AECOM Canada Ltd. report for the Nuclear Waste Management Organization, NWMO DGR-TR-2011-42 R000.
Toronto, Canada. (available at http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc# 298)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-05-183

 Section 9.2,
Temporal
Boundaries

Information Request:
What is the basis for the 1 million year temporal boundary in the post-closure assessment?
Context:
No context provided
OPG Response:
Canadian regulatory policy P-290 requires that "the assessment of future impacts of radioactive waste on the
health and safety of persons and the environment encompasses the period of time when the maximum impact is
predicted to occur" (CNSC 2004).
A time period of 1,000,000 years is selected as a default baseline for the postclosure calculations (QUINTESSA
et al. 2011, Section 3.8) because it encompasses the period of highest radioactivity (~10,000 years) and the
decay of C-14 (~60,000 years), as well as the timeframe in which the residual radioactivity drops below that of
the overlying rock at the Bruce nuclear site (100,000 – 1,000,000 years).
However, calculated peak impacts associated with releases in groundwater might occur after more than
1,000,000 years due to the high level of isolation and containment provided by the repository system. Therefore,
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some calculations are extended for timescales in excess of 1,000,000 years - for example, the Normal Evolution
Scenario Reference Case (NE-RC) calculations (see Figures 8-29 to 8-31, Preliminary Safety Report).
References:
CNSC. 2004. Regulatory Policy P-290, Managing Radioactive Waste. Canadian Nuclear Safety Commission.
July 2004.
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste –Preliminary
Safety Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 300)
QUINTESSA, GEOFIRMA, and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-05-184

 Section 10,
Existing
Environment
 Section 11.5.6,
Human Health

Information Request:
How have transient populations been identified? How will potential adverse health effects on transient
populations be monitored over the very long term?
Context:
Section 10 of the EIS Guidelines states: “Information on existing and projected population densities and
distributions in the region, including resident populations and transient populations, must be provided by project
phase, and for the entire life of the project.”
OPG Response:
The Socio-economic Environment Technical Support Document (AECOM 2011) documents the projected effects
of the DGR Project on population in the Regional Study Area for the site preparation and construction,
operations, and decommissioning phases. Data on transient populations is included in the total population
projections. The DGR Project-associated labour force, which may include some transient workers in that they
may reside in the area during specific phases of the project and move after completion of the project, is
presented in Table 8.3.1-2.
The Preliminary Safety Report (PSR) (OPG 2011, Section 8.8.2.10) assesses the potential long-term effects of
the DGR Project on a “site resident” critical group which is assumed to drill a well into groundwater and practice
a self sufficient farming lifestyle, as well as a variant group which maximizes its use of the lake with a high-fish
diet. The effects on these groups would bound the potential effects on a transient population whose lifestyle
would result in less opportunity for exposure to effects from the DGR Project. The predicted doses to the “site
resident” critical group are negligible and are many orders of magnitude lower than the dose criterion of
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0.3 mSv/a.
The proposed monitoring program for the DGR Project is described in the PSR (OPG 2011, Sections 6.11 and
10.4).
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM Canada Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA
Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste –Preliminary
Safety Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 300)

EIS-05-185

 Section 11.4.6,
Radiological
Conditions

Information Request:
Discuss the potential for contamination of potable water sources (surface and ground water). This discussion
should include a detailed examination of the likelihood and consequence of migration of radiological and nonradiological constituents of potential concern.
The discussion should address short-, medium- and long-term impacts (all phases of the DGR).
Context:
There are several potential sources of ground and surface water contamination. For example the Waste Rock
Management is a potential source of metals, nutrients and elevated salinity.
The surface water management system is a potential source of, nutrients, metals, major ions, suspended solids,
hydrocarbons and pathogens.
Air emissions are a potential source of hydrocarbons, VOCs, NOX and particulates with associated metals.
Sources of radionuclides would include accidents and malfunctions during handling and transport of the waste
on the surface. Sump water would be a source in the event of an accident or malfunction underground.
The screening arguments for eliminating any or all of the above constituents of potential concern are not clear,
nor convincing,
OPG Response:
The potential interactions of the DGR Project with potable groundwater sources are discussed in the Geology
Technical Support Document (TSD) (GOLDER 2011a). Overburden groundwater quality, overburden
groundwater transport, shallow groundwater quality, and shallow groundwater quality were selected as Valued
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Ecosystem Components (VECs) in part because they represent potable groundwater sources (GOLDER 2011a,
Section 4). The Shallow Groundwater Quality VEC, which represents the strata from approximately 20 m below
ground surface to 170 m below ground surface, is also identified as Hydrostatigraphic Unit 2 (HS Unit 2). HS
Unit 2 includes the regional groundwater supply aquifer that typically extends to depths of 50 to100 m, and the
deeper, less permeable bedrock to the top of the Salina F Formation (GOLDER 2011a, Section 5.6.1.1).
Evaluation of both groundwater quality and groundwater transport as separate VECs allowed the identification of
interactions that would affect potable water quality (groundwater quality VECs) and potable water supply
(groundwater transport VECs).
Surface water quality was selected as a VEC in Section 4.1.2 of the Hydrology and Surface Water Quality TSD
(GOLDER 2011b). In addition, the overall effects of the DGR Project on Lake Huron are considered in Section
7.12.1 of the Environmental Impact Statement (EIS) (OPG 2011a). All works and activities associated with the
DGR Project are identified and analyzed for possible direct interactions with the surface water quality VEC in
Section 6.2.1 of the Hydrology and Surface Water Quality TSD (GOLDER 2011b), including interaction with the
Waste Rock Management Area (WRMA) (Section 6.2.1.9) and interaction with the surface water management
system (Section 6.2.1.10). Indirect interactions are identified in Section 6.2.2 which includes changes in air
quality (Section 6.2.2.1). The second screening for the surface water quality VEC can be found in Section 7.3.1
(direct changes) and 7.3.2 (indirect changes). The evaluation of the effect of the DGR Project on the surface
water quality VEC can be found in Sections 8.3.3 (direct effects) and 8.3.4 (indirect effects).
All works and activities associated with the DGR Project are identified and analyzed for possible direct
interactions with the geology VECs in GOLDER (2011a, Section 6.2.1), including interaction with the WRMA
(Section 6.2.1.9). Indirect interactions with the soil quality VEC are identified in GOLDER (2011a, Section 6.2.2)
which includes changes in air quality (GOLDER 2011a, Section 6.2.2.1) and changes in surface water quality
(GOLDER 2011a, 6.2.2.3). The second screening for the soil quality VECs can be found in the Geology TSD
(GOLDER 2011a, Section 7.4.1 [direct changes] and 7.4.2 [indirect changes]).
The potential effects of the DGR Project on the overburden groundwater quality VEC and the shallow
groundwater quality VEC is evaluated in GOLDER (2011a, Section 8.4). Potential indirect changes to soil
quality due to indirect interaction between changes in air quality and the soil quality VEC were assessed in
section 7.2.2.1 of the Geology TSD. It was concluded that there is no measurable indirect change to the soil
quality VEC, and this indirect action was not considered further (GOLDER 2011a). Therefore, an indirect effect
from changes in air quality on the groundwater quality VEC is also not expected.
Subsequent to the Screening activities in the Geology TSD (GOLDER 2011a) and Surface Water and Hydrology
TSD (GOLDER 2011b), referred to above, modelling of the potential infiltration of groundwater from under the
WRMA into the potential potable water formations has been undertaken (Sykes 2012). In addition, design and
effluent modelling of the proposed Stormwater Management System has been conducted.
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Potential For Contamination of Potable Supplies Due to the Waste Rock Management Area and Stormwater
Water Management System
There are currently no wells on the Bruce nuclear site used for drinking water. The DGR Project Area is located
within 1,000 to 1,500 m of Lake Huron. Flow within the formations that could potentially supply potable water is
from the DGR Project towards Lake Huron. There is no expectation that a potable groundwater supply would be
established downgradient of the DGR Project prior to the closure of the Project. All current and potential future
potable groundwater supplies are, or will be, upgradient of the DGR Project Area over this period, hence, no
potable groundwater sources will be affected. An assessment of the effects of establishing a groundwater well
to supply potable water at, or downgradient of the DGR Project is included as part of the Postclosure Safety
Assessment (QUINTESSA et al. 2011), summarized in Section 9.4.2 of the EIS (OPG 2011a). Lake Huron is
the only potable water source that may be affected by the Project.
The following interactions may be considered to have a potential for contamination of potable water sources:





WRMA – infiltration of surface water to the sub-surface (a potential source of metals, nutrients and
elevated salinity);
stormwater management system (a potential source of nutrients, metals, major ions, suspended solids,
hydrocarbons and pathogens);
surficial accidents or malfunctions – during handling and transport of the waste; and
deep accidents and malfunctions – potential affect on sump water that is eventually discharged to
surface into the stormwater management system.

The WRMA and Stormwater Management Pond (SWMP) will be constructed within an area underlain by
between 0.7 to 1.5 m of surficial sand and gravel to clayey silt (fill materials) overlying at least 10 m of hard lowpermeability glacial till (refer to OPG’s response to Information Request (IR) EIS-03-54 (OPG 2012a) and
GOLDER 2012). The cohesionless surficial fill materials within the footprint of the WRMA and SWMP will be
removed as part of site preparation activities. The SWMP will be excavated into this thick glacial till unit and the
till will serve as a natural liner for the pond. The pond side walls will be lined, as required, to limit lateral
seepage into any surrounding permeable overburden that overlies the till.
The native till soil has a very low potential for infiltration. This was conservatively estimated at 5 to 10 cm/a of
surficial infiltration into the till in the Geology TSD (GOLDER 2011a). Subsequent modelling of the infiltration
into the till has been prepared by Sykes (2012), using more extensive hydraulic conductivity estimates for the till
-10
-9
provided by Sykes (1999) and CH2MHILL (2010; cited in Sykes 2012). The estimates were in the 10 to 10
m/s (K –horizontal, or Kh), with K-vertical (Kv) assigned as one-half of the Kh. These estimates were used for
modelling the recharge of the Lucas Formation limestone due to leakage through the till. The estimates ranged
from 3.3 mm/a (undisturbed till) to 0.36 mm/a (WRMA – reference case scenario). Recharge to the Lucas
Formation from the till is “a negligible component (approximately 0.03 %) of the average annual precipitation”
(Sykes 2012). The hydraulic conductivity of the Lucas Formation limestone is more than three orders of
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magnitude greater than the hydraulic conductivity of the till. In the event that elevated concentrations of certain
parameters did infiltrate through the till from the WRMA or SWMP, into the underlying limestone, there would be
significant dilution of parameter concentrations within the migrating Lucas Formation groundwater.
SWMP Water Quality Criteria
Final water quality criteria for the effluent from the stormwater management pond (SWMP) will be developed as
part of the Ontario Environmental Compliance Approval (ECA) and other regulatory processes (e.g., Canadian
Nuclear Safety Commission licensing). The limits will be established taking into consideration the Provincial
Water Quality Objectives, the acute toxicity thresholds for sensitive species that are present in the receiving
environment, and the existing water quality in the receiving water at MacPherson Bay. The regulatory process
to establish discharge criteria would not allow release of effluent from the SWMP that is acutely toxic to aquatic
receptors. Nor would it allow the release of effluent from the SWMP that would adversely affect the potential for
Lake Huron as a potable water supply.
The surface water quality assessment and associated geochemical testing performed for the EIS indicated
several water quality parameters of potential concern in SWMP discharge. These include:







total dissolved solids (TDS);
chloride;
total suspended solids (TSS);
nitrogen compounds from blasting residues;
pH, temperature, conductivity; and
various metals (aluminum, boron, cobalt, thallium, vanadium).

The DGR Follow-up Monitoring Program (NWMO 2011, Tables 3a and 6) presents a set of targets for these
parameters. These targets have been used to guide the design of the SWMP and develop mitigation measures
to avoid environmental effects.
As detailed in OPG’s response to Information Request EIS-04-130 (OPG 2012b), water quality modelling has
subsequently been performed as part of the design of the SWMP. This modelling has identified salinity (as
measured by TDS) and nitrogen compounds as the two water quality issues that may require additional
mitigation. Particular attention will be paid to salinity and nitrogen compounds when developing water quality
criteria.
SWMP Water Treatment
Water quality modelling done as part of the design of the SWMP has identified potential water quality issues
related to salinity from the groundwater entering the shafts, and nitrogen compounds from blasting residues.
Release of nitrogen compounds would cease once all blast residue is flushed from the waste rock pile, likely
within a few years after the last waste rock is placed on the pile.
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Actions will be taken to ensure the concentrations of nitrogen compounds and salinity are below acceptable
levels in the SWMP discharge. To manage nitrogen compounds in SWMP discharge, use of emulsion will be
maximized and best blasting practices will be implemented to minimize amount of blast residue left on waste
rock. In the remote event that source reduction or elimination cannot reduce concentrations to below acceptable
levels in SWMP discharge, then a final mitigative option of treatment would be implemented.
Saline groundwater could be collected at the bottom of the shafts and then be taken to ground surface where it
would be treated, if necessary, say, with an evaporator. The treated water would then be directed to the
SWMP. Whereas any run-off water from the waste rock pile that has elevated nitrogen compound
concentrations could be treated by, for example, aeration in the SWMP or collected for aeration treatment in a
separate intermediate pond. The treated intermediate pond water would then be directed to the SWMP.
In summary, both the natural physical setting of the surficial sediments, and the subsequent WRMA and SWMP
modelling assessments demonstrate that these aspects of the Project will be protective of potential potable
water supplies.
The long-term performance with respect to the geology VECs is discussed separately in Sections 6.2.3, 7.5 and
8.7 of the Geology TSD (GOLDER 2011a). The long-term (and near-term) movement of groundwater and gas
from the repository has been modelled as part of the Postclosure Safety Assessment of the DGR (QUINTESSA
et al. 2011).
Potential Impact on Potable Water Supplies Due to Accidents and Malfunctions During Handling and Transport
of the Waste on the Surface
In Section 4 of the Malfunctions, Accidents and Malevolent Acts TSD (AMEC NSS 2011), radiological
malfunctions and accidents that result from credible initiating events and features, events, or processes (FEPs)
are identified and assessed for each DGR Project phase. The detailed identification and screening processes
are documented in Chapter 7 of the Preliminary Safety Report (OPG 2011b).
In Section 5 of the Malfunctions, Accidents and Malevolent Acts TSD (AMEC NSS 2011), conventional (i.e., nonradiological) malfunctions and accidents that could result from credible initiating events are identified and
assessed for the site preparation and construction, operations, and decommissioning phases. As there will be
no works and activities during the abandonment and long-term performance phase, there is no potential for
accidents. Surface water quality and groundwater quality were selected as VECs with potential interactions with
conventional accidents. The screening of these interactions and the assessment are presented in AMEC NSS
(2011, Sections 5.3 and 5.4). The natural physical setting of the native consolidated till sediments, with their low
hydraulic conductivities and very low infiltration potential, will mitigate against adverse effects being created due
to an accident or malfunction. Emergency procedures that are currently in place at the Bruce nuclear site, as
well as any additional measures that are conceived in the Preliminary Safety Report (OPG 2011b) due to the
presence of the DGR, are designed to ensure that malfunctions and/or accidents will be addressed in a timely
manner, which will not allow for a measurable infiltration of radiological or non-radiological contaminants to the
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sub-surface, and by extension, to potential potable water supply sources.
Potential Impact of Underground Malfunction or Accident on Sump Water
The emplacement rooms and associated structures are expected to be dry due to the very low permeability of
the surrounding rock. Thus, in the case of an accident or malfunction in the emplacement rooms potential
contaminants are not expected to travel by water to the main sump. The underground Maintenance Shop and
Diesel Fuelling Station will each have their own isolated containment sumps to capture fluids from
accidents/spills. Similar to surficial accidents or malfunctions, emergency procedures are designed to ensure
that malfunctions and/or accidents will be addressed in a timely manner.
Under normal conditions most groundwater inflow will be through the “leaky liners” in the two shafts and this
water will be directed by pipes to the shaft bottoms and eventually to the main sump. The dewatering system is
designed so that an accident/malfunction in the form of a “major water in-rush” through the upper 200 m of both
shafts can be dealt with by the main dewatering sump and the other sumps that feed it. The design capacity for
the pumping systems is based on the amount needed to accommodate a 3.4 L/s inflow under abnormal
conditions in addition to the capacity required to handle normal inflows of about 0.45 L/s (refer to OPG’s
responses to IR-LPSC-01-19 (OPG 2012c) and IR-EIS-04-151 (OPG 2012b)).
In the remote event that an accident or malfunction (such as a major water in-rush through upper 200 m of one
or both shaft liners) should occur and the dewatering system should also fail, the underground space “below the
repository level would need to be filled before water could spill into the access tunnels and emplacement rooms
(underground space below level is ~22,500 m³). This storage capacity provides time for shaft liner to be
repaired to stop or significantly reduce inflow, and/or to repair underground pumps or bring additional surfacebased pump capacity on-site (OPG 2011b, Section 7.5).
Should sump water at the repository level become contaminated, there is no mechanism for that water to be
released into the shallow bedrock (potential potable water) formations. Contaminated sump water can be
assessed, and appropriately discharged and treated, on a case-by case basis, without any interaction with
potable water sources.
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada.
(CEAA Registry Doc# 299)
CH2MHILL. 2010. OPG Western Waste Management Facility – WSH-231 Tritium Investigation. Ontario Power
Generation report 0215-REP-79100-00029. Toronto, Canada.
GOLDER. 2011a. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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Information Request:
Provide evidence that there will be adequate capacity for and co-ordination of emergency response during all
phases of the DGR.
Context:
In the EIS, section 8.3.3.1 page 8-24, it is stated that: “Fire protection and emergency response at the Bruce site
is served by its own internal Emergency Response Team provided by Bruce Power”.
OPG Response:
Emergency response requirements have been incorporated in the design of the facility (e.g., fire protection and
suppression, egress and refuge, secondary repository egress, etc.) as well as identification of services to
support response (e.g., mine rescue, fire rescue) for the various phases of the DGR. Additional information has
been submitted on emergency response as detailed below:
OPG’s response to Information Request (IR) LPSC-01-45 (OPG 2012a) details the roles of the constructor,
OPG, Bruce Power and Mine Rescue teams for Construction and Operation phases, and the assurance of
adequate capacity and co-ordination of emergency response.
OPG’s response to IR-LPSC-01-41 (OPG 2012a) details Bruce site events that could affect the DGR and how
these could impact emergency response.
OPG’s responses to IR-LPSC-01-15 (OPG 2012a, OPG 2012b), IR-LPSC-01-22 (OPG 2012a, OPG 2012b), IRLPSC-01-36 (OPG 2012a), IR-LPSC-01-37 (OPG 2012a), IR-LPSC-01-41 (OPG 2012a) and IR-LPSC-01-45
(OPG 2012a) provide more information on fire response; mine rescue teams, construction fire planning,
construction drills and emergency planning.
OPG’s responses to IR-LPSC-03-60, IR-LPSC-03-61 and IR-EIS-03-76 (OPG 2012c) provide more information
on egress; mine rescue teams and emergency zones.
OPG’s presentation and written submission to the JRP’s Technical Information Session #1 held on July 18, 2012
(OPG 2012d) describes key safety issues and planned egress routes through all phases, from Construction to
Operations.
The submitted information provides assurance that there will be adequate capacity for, and coordination of,
emergency response during all phases of the DGR project.
References:
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9,
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2012. (CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD#
00216-CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
OPG. 2012c. OPG Letter, A. Sweetnam to S.Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-0053100117, July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216CORR-00531-00123, July 12, 2012. (CEAA Registry Doc# 636)

EIS-05-187

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide further details concerning the choice of “appropriate rock support” (p. 3-10) and other repository
features, such as cross-sectional shape/geometry and room orientation within the geosphere, that will be used to
insure the safety of underground repository workers and/or provide structural reinforcement for facility elements
Context:
Section 3.3.3 of the EIS states: “The repository consists of individual excavated vaults with concrete floors and
appropriate rock support to protect workers.”
There is no mention in any section of EIS Volume 1 of any planned support measures (types, density of
placement, longevity under standard operating conditions, long term durability etc.) designed to provide worker
occupational safety or structural competence either in the short (construction and operational periods) or long
term (decommissioning, monitoring and further periods) intervals.
The stability of the repository also depends upon the rock mass geotechnical characteristics and its geometric
configuration (dimensions, shape and orientation).
OPG Response:
Room Orientation
The Project Requirements (NWMO 2010), Clause 7.5, requires that the emplacement rooms be oriented parallel
to the direction of the major horizontal stress so as to minimize overstressing of the openings, to promote longterm stability, and to minimize rock support requirements.
As shown in Figure 6-7 of the Preliminary Safety Report (PSR) (OPG 2011), the orientation of emplacement
rooms is in a northeast direction. The Geology TSD (GOLDER 2011, Section 5.9.3.2) states that the major
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horizontal principal stress direction is in a northeast direction which is consistent with the World Stress Map
(Reinecker et al. 2004)
Cross-sectional Shape/Geometry
The emplacement rooms will have a rectangular geometry and flat roof spanning 8.6 m, whereas the access
tunnels will have an arched roof with a 5.4 m span. Because the access tunnels are generally oriented
perpendicular to the major horizontal stress direction and have a height-to-width ratio greater than 1, there will
be higher levels of stress in the roof of these openings (relative to stress in rock around emplacement rooms).
The arch will be such that the centre of the tunnel is about 0.25 times the tunnel width higher than the top of
tunnel side walls. This arching will be sufficient to promote the necessary confinement for stabilizing roof rock
with the aid of rock support.
Rock Support
Rock support design is described in Section 9.4.7.1 of the PSR and in OPG’s response to Information Request
(IR) LPSC-01-34 (OPG 2012a). OPG’s written submission and presentation to the JRP’s July 18, 2012
Technical Information Session (OPG 2012b) present additional information about rock support design as well as
geomechanical modeling that was performed as input to rock support design.
Excavation of underground openings will be carried out by controlled drill and blast methods. Current concepts
include planned round lengths (lateral length of the blast) of about 4 m which does not exceed the width or
height of the rooms. Thus the excavation will benefit from some support provided by the face while rock bolts
are being installed. It is anticipated that full-face excavation will be adopted in all access tunnels beyond the
shaft stations and in all of the emplacement rooms. It is further anticipated that excavation at the shaft stations
and several of the shaft area excavations will use a partial-face or benching excavation sequences.
At the repository level (access tunnels and emplacement rooms), the rock support will be provided through
combinations of the following materials: 25-mm-diameter galvanized hollow-core mechanical rock bolts, 15.2mm-diameter cable bolts, fibre-reinforced shotcrete, plain (or un-reinforced) shotcrete, and welded wire mesh.
In the emplacement rooms it is planned to install 3-m-long bolts on 2.05 m × 2.05 m spacing. A spacing pattern
of 1.68 m × 1.68 m and 2.4-m-long bolts will likely be used in the access tunnels. Supplementary cable bolts will
be installed in selected areas such as shaft stations, maintenance areas and locations with wide intersections.
On the basis of geomechanical logging, separations along shaly partings (incipient planes of tensile weakness)
are assumed to be present in the Cobourg Formation Lower Member. Horizontal planes of tensile weakness at
an average spacing of 0.7 m were explicitly introduced into the geomechanical models. Two realizations of the
mesh were considered in the models to represent the random distribution of these postulated weakness planes.
The analyses show that, depending on the position of the weakness planes with respect to the roof of the
openings, one or two planes above the roof could potentially delaminate. Rock bolt lengths have been selected
so that bolts will be anchored in sound rock beyond the potential relaxation zone. If horizontal planes of tensile
724

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
weakness are present in the roof rock, then the rock bolts would hold together the rock layers to create a thick
rock beam spanning the width of the opening.
Groutable mechanical bolts will be installed and initially pre-stressed to about 2 tonnes. In addition to bolting,
wire mesh or fibre-reinforced shotcrete will be applied after each round to prevent small “loose rock” from falling
and jeopardizing the safety of the workers. When wire mesh is used, then plain shotcrete will be applied over
the mesh at a later time when it is most convenient in the construction cycle. As the rooms and tunnels are
advanced, grouting of the rock bolts will be performed through their hollow cores. The grout will provide an
additional corrosion protective layer around outside of bolts to ensure longevity of the rock support system. This
grouting would be performed one or two rounds behind the face to avoid interfering with excavation activities at
the face.
References:
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc #299)
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste
Project Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002.
(CEAA Registry Doc #300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001. Toronto, Canada. (CEAA Registry Doc
#300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-0053100108, March 9, 2012. (CEAA Registry Doc #363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-0053100123, July 12, 2012. (CEAA Registry Doc # 636)
Reinecker, J. O., M. Tingay, P. Connolly, and B. Muller. 2004. The 2004 Release of the World Stress Map.

EIS-05-188

 EIS Guidelines
Section 11.3
Significance of
Adverse Effects

Information Request:
Explain more fully how the phrase “beyond the natural variability of the water body” was defined and used when
assessing predicted changes in surface water quality (EIS, page 7-29).
a) Provide a definition of, “beyond the natural variability”
b) Provide the level of confidence that the baseline adequately represents the range of natural variability in
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all of the water bodies assessed in the EIS.
Context:
“For changes in surface water quality, a measurable change was considered if the change in any water quality
parameters is beyond the natural variability of the water body. The range of parameter concentrations for each
indicator for water quality is presented in Section 6.3.5” (EIS, page 7-29).
In consideration of the above statement, further information on natural variability and the adequacy of the
baseline data is required.
“The EIS must clearly explain the method and definitions used to describe the level of the adverse effect (e.g.,
low, medium, high) for each of the above categories and how these levels were combined to produce an overall
conclusion on the significance of adverse effects for each VEC. This method must be transparent and
reproducible.” (EIS Guidelines Section 11.3).
OPG Response:
Potential interactions of project works and activities were evaluated to determine if a measurable change to the
surface water quality valued ecosystem component (VEC) is likely, as described in Section 7 of the Hydrology
and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011). A measurable change in
surface water quality is considered possible if the change in any water quality parameter is beyond the natural
variability of the background water quality receiving water body.
“Natural Variability” or background variability is a measure of the differences attributed to natural or upstream
influences that are observed in a specific water quality parameter over time. These influences can be the result
of many factors including agricultural runoff and forested areas. Natural variability does not exclude man-made
factors. Natural variability is specific to the parameter of concern and requires multiple years of data to fully
quantify.
Based on expert judgement, the baseline information collected and the supplemental data obtained was
determined to be insufficient to confidently predict a likely measurable change using natural variability.
Therefore, all potential direct changes identified in the second screening were conservatively assumed to be
measurable, with the exception of water temperature, and passed forward to the effects assessment (GOLDER
2011, Section 8). In keeping with the precautionary approach, indirect changes to surface water quality from
both changes in air quality and changes in surface water quantity and flow were considered measureable and
carried forward to the effects assessment.
There are no effluent releases from the DGR Project except through the stormwater management pond. No
adverse effects on surface water quality are predicted from the stormwater management pond, which discharges
through a culvert under the Interconnecting Road, as water discharged from the stormwater management pond
will meet the Environmental Compliance Approval discharge criteria (Refer to OPG’s response to Information
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Request EIS-04-130 (OPG 2012)).
The approach used in the assessment of surface water quality used the precautionary approach to determine
likely measureable changes. This approach is conservative because all direct changes, and indirect changes
from air quality, and surface water quantity and flow, were carried forward to the effects assessment.
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada.
(CEAA Registry Doc#299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information
Requests”, CD# 00216-CORR-00531-00143, September 28, 2012. (CEAA Registry Doc#759)

EIS-05-189

 Section 11.3,
Significance of
Adverse Effects

Information Request:
Explain why the expected increase in nitrate concentrations in Stream C was evaluated using Lake Huron
concentrations and drinking water quality guidelines. Include a discussion of the uncertainty introduced by
comparisons with a highly dissimilar water body. Include an evaluation of the effects of the predicted nitrate
concentrations on algal and macrophyte growth in Stream C, including effects on fish habitat.
Context:
Evaluation of “likely effects” from increased nitrate concentrations in Stream C would logically be most reliable if
compared with baseline concentrations of nitrate in Stream C, not Lake Huron.
Nitrate is relevant to aquatic biota, not just with respect to drinking water. Evaluation of “likely effects” must be
extended to consideration of the nutrient enrichment produced by nitrates in coldwater streams such as
Stream C.
OPG Response:
Direct measurements for nitrate were not included in the baseline sampling program undertaken in support of
the DGR Project [see Sections 5.1.2 and 5.5 of the Hydrology and Surface Water Quality Technical Support
Document (TSD) (GOLDER 2011)], and therefore no nitrate data was available for Stream C. In the Hydrology
and Surface Water Quality TSD (GOLDER 2011), nitrate data from Lake Huron was used for the comparison
because of its proximity to the site. For reference, the Canadian Council of Ministers of the Environment
(CCME) water quality guideline for the protection of aquatic life is 13 mg/L (CCME 2012), while the Ontario
Drinking Water Objective for nitrate is 10 mg/L (MOE 2003). Therefore, the lower criteria provided a more
conservative comparison.
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The Provincial Water Quality Monitoring Network (PWQMN) (MOE 2012) water quality data has been obtained
for two local stations to provide an indication of nitrate concentrations that can be expected in Stream C. Both
Mill Creek and the Pentagore River drain areas that are largely agricultural and are expected to have similar
water quality to Stream C. The measured nitrate concentrations for Mill Creek and the Pentagore River are
summarized in Table 1 and plotted on the figure below (please note that the concentration on the figure has
been plotted on a logarithmic scale to accommodate the data range).
Table 1: Nitrate Concentrations in Mill Creek and Pentagore River
Mill Creek near Saugeen
Shores

Pentagore River in
Kincardine

08012305602

08010700502

19 km NE

17 km S

2002 to 2010

2002 to 2010

61

49

Minimum Concentration
(mg/L)

0.019

0.010

Average Concentration
(mg/L)

1.28

1.36

Maximum Concentration
(mg/L)

12.9

19.4

Station Name
PWQMN Station Number
Proximity to DGR
Data Period
Number of Samples
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100
Mill Creek
Pentagore River

Nitrate Concentration (mg/L)

10

1

2010‐Nov‐15

2010‐May‐19

2009‐Nov‐20

2009‐May‐24

2008‐Nov‐25

2007‐Dec‐01

2007‐Jun‐04

2006‐Dec‐06

2006‐Jun‐09

2005‐Dec‐11

2005‐Jun‐14

2004‐Dec‐16

2004‐Jun‐19

2003‐Dec‐22

2003‐Jun‐25

2002‐Dec‐27

2002‐Jun‐30

0.01

2008‐May‐29

0.1

2002‐Jan‐01

IR#

Figure 1: Measured Nitrate Concentrations in Mill Creek and Pentagore River
The data demonstrate that the nitrate concentrations range from approximately 0.01 to 20 mg/L (three orders of
magnitude). The nitrate concentrations observed in Mill Creek and the Pentagore River are frequently higher
than the values reported for Lake Huron (GOLDER 2011, Table 5.5.1-1), suggesting that the conclusions in the
TSD are conservative. With only a few exceptions, the measured nitrate concentrations are below the MOE
guideline of 10 mg/L and CCME guideline for aquatic life of 13 mg/L.
The lowest recorded nitrate concentration in the Pentagore River (0.01 mg/L) is approximately 200 times larger
than the predicted increase in nitrate concentration in Steam C from atmospheric deposition (0.045 µg/L or
0.000045 mg/L). By all practical means, this increase would not be measurable.
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Increasing the nitrate concentrations in Stream C by 0.045 μg/L will not increase the frequency at which the
guideline is exceeded. Therefore, there are also no likely adverse effects on aquatic biota.
References:
CCME (Canadian Council of Ministers of the Environment). 2012. Canadian Water Quality Guidelines for the
Protection of Aquatic Life - Nitrate Ion.
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04. Toronto, Canada. (CEAA
Registry Doc# 299)
MOE (Ministry of the Environment). 2003. Technical Support Document for Ontario Drinking Water Standards,
Objectives and Guidelines.
MOE (Ministry of the Environment). 2012. Provincial (Stream) Water Quality Monitoring Network. (available at
http://www.ene.gov.on.ca/environment/en/resources/collection/data_downloads/index.htm)

EIS-05-190

 Section 11.1,
Effects
Prediction

Information Request:
Provide a clear and complete description of the calculations performed in support of the statement in the EIS
that effects on water flow and water quality in the North Railway Ditch and Stream C will “balance each other”.
Provide a discussion of the uncertainty associated with the calculation.
Context:
“A measurable indirect change to water quality as a result of a measurable change in surface water quantity and
flow in the North Railway Ditch and Stream C was identified in Section 7.3.1.2. Since runoff to the North Railway
Ditch is the primary source of indicators in surface water, a decrease in runoff will reduce both the loading to the
North Railway Ditch, and subsequently Steam(sic) C, as well as the water available to dilute the indicator
concentrations. These are expected to balance each other. Therefore, no adverse effects on water quality are
likely from indirect effects” (EIS, page 7-37).
The calculations in support of the above statement are not presented in either the EIS or the TSD. The
calculations and uncertainty associated with the calculations will assist in the evaluation of the defensibility and
scientific credibility of the assessment of effects on the water quality of the North Railway Ditch and Stream C.
OPG Response:
From a hydrological perspective, it is generally accepted practice that runoff volume (flows) produced by small
drainage areas such as the North Railway Ditch catchment, can be reasonably estimated by multiplying the
drainage area, rainfall depth, and a runoff coefficient. Alternately, the flow can be estimated by pro-rating the
flow from a surrogate gauged station based on drainage area. Both these methods provide an estimated flow
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that is linearly proportional to the drainage area.
From a water quality perspective, the stream loading contribution of a specific parameter that is transported by
runoff (e.g., Total Suspended Solids) and produced by a small catchment can be reasonably estimated based
simply on drainage area (i.e., unit loading times drainage area). Consequently, the load to the stream produced
by the catchment is also linearly proportional to drainage area. Note that this rationale applies to both sediments
being transported by surface runoff to the stream as well as other water quality parameters that are transported
by runoff to the stream.
When these two factors (i.e., the linear proportionality of both flow and sediment load to drainage area) are
considered together, a decrease in drainage area will result in the same percentage reduction in both flow and
load. The calculated parameter concentration would remain the same regardless of the reduction (or increase)
in drainage area provided there are no point source contributions to the flow. In the case of the North Railway
Ditch, all the flow is produced directly from a very localized drainage area (i.e., there is no upstream flow
contribution) and a 31% decrease in flow will correspond to a 31% decrease in sediment loadings (GOLDER
2011, Table 8.2.3-1) but no change to sediment concentration.
The drainage areas contributing runoff to the North Railway Ditch at Stream C and to Stream C at the point of
discharge from the Bruce nuclear site are 26.1 ha and 1,042.4 ha, respectively. Therefore, with respect to
Stream C, the North Railway Ditch represents approximately 2.5% of the total drainage area of Stream C at its
mouth (i.e., the point of discharge to Lake Huron) (GOLDER 2011, Table 8.2.3-1). Consequently, a 31%
reduction in the sediment loads from the North Railway Ditch would result in a reduction in loadings to Stream C
of less than 1% (i.e., 31% of 2.5% is approximately 0.8%).
Runoff volume (i.e., flow) was calculated as [Drainage Area] × [Runoff Coefficient] × [Precipitation]. Considering
runoff volumes from the North Railway Ditch to Stream C, for example, the only parameter that will change
between calculations from the existing conditions as a result of the DGR Project (i.e., post drainage diversion) is
drainage area. The runoff coefficient would remain constant for the existing and future conditions since the land
use, topography and soil conditions are generally consistent throughout this drainage area for both the existing
and future conditions. Furthermore, the precipitation value (measured in mm) is not expected to change
between existing and future conditions as a result of the DGR Project. Therefore, when calculating the change
in runoff volume, uncertainty can be mostly attributed to the drainage areas calculated for the existing and future
cases.
When delineating the drainage areas, a potential error on the order of ±2 m × [Perimeter] can be reasonably
assumed. For the drainage areas contributing to the North Railway Ditch at Stream C as calculated for the
existing and future cases (and presented in Table 8.2.3-1 of GOLDER [2011]), errors of ±0.78 ha (±3.0%) and
±0.78 ha (±4.4%), respectively, are possible.
Based on these errors, the existing drainage area of the North Railway Ditch could range from 25.3 ha to 26.9
ha and the future drainage area could range from 17.1 ha to 18.7 ha. It then follows that the change in drainage
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area between the existing and future conditions could range from 6.6 ha (smallest existing minus largest future)
to 9.8 ha (largest existing minus smallest future). These values would imply that the decrease in the drainage
area is expected to be between 25% and 38% when compared to the existing drainage area of the North
Railway Ditch.
For Stream C, which has an existing drainage area of 1,042 ha, the decrease in drainage area is expected to be
between 0.6% and 0.9%.
Following this logic, the error associated with the existing runoff contribution of the North Railway Ditch to the
total drainage area of Stream C at its mouth as calculated for existing conditions and, hence, the error
associated with the predicted reduction in sediment loads from the North Railway Ditch to Stream C (estimated
to be 2.5%, as discussed above), will be approximately ±0.1% (i.e., the difference between 31% of 2.5%, 36% of
2.5%, or 26% of 2.5%).
Uncertainty associated with these calculations is small enough that it would not change the results of the
assessment.
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada.
(CEAA Registry Doc #299)

EIS-05-191

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Clarify the timeframe for the “temporary” stockpile locations for overburden, shales and dolostones within the
Waste Rock Management Area (WRMA).
Context:
Mitigation of any environmental concerns related to these stockpiles will be directly related to the length of time
the stockpiles will be in place
OPG Response:
Temporary stockpiles will be used during the initial site construction activities (e.g. construction of the shaft
collars) and through the shaft sinking activities (approximately 2 years). These materials will be used in the
overall site grading plan and contouring. Where possible, materials will be placed directly to the end-use
location to avoid the need for re-handling.
Section 4.7.5.3 of the Environmental Impact Statement (OPG 2011) provides further description of waste rock
management during construction, including the provision for stockpile management in the event of extended
surface storage. Although temporary stockpiles are planned to be re-used within one year of placement,
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provision is included to cap the shale pile and re-vegetate the dolostone and overburden piles should they
remain in place for more than one year.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-05-192

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Explain how siltation in the drainage ditches around the waste rock pile will be managed.
Context:
The silts accumulating in the drainage ditches will be elevated in metals adsorbed from mine water and waste
rock drainage water.
OPG Response:
Prior to the deposition of waste rock in the Waste Rock Management Area, silt curtains will be installed between
the drainage ditches and the toe of the waste rock pile (i.e. the permanent stockpile of limestone). These will be
maintained for the development of the waste rock pile during of the construction phase until it is observed that
silty material is no longer being released from the waste rock pile. In addition, vegetation will be re-established
in the area between the silt curtain and the waste rock pile to assist in limiting the migration of sediment to the
silt curtains and the drainage ditches. Further, the drainage ditches themselves are trapezoidal with side slopes
vegetated to further limit silt migration and assist in erosion control as outlined in the Preliminary Safety Report
(OPG 2011, Section 6.2.4.8).
Drainage ditches will undergo routine inspection and maintenance as described in OPG’s response to
Information Request EIS-04-130 (OPG 2012). In the event of sediment buildup in the ditches the sediment will
be excavated from the ditch and disposed of as per established waste handling practices.
The inspection and maintenance program for the drainage ditches will consist of the following:


Regular inspections of the stormwater management system. NWMO (2011) proposes weekly inspection
during site preparation and construction, and monthly inspection during operations. The system will also
be inspected after significant runoff events. Inspections will be conducted to:
o
o
o
o

check for trash, debris and sediment buildup in the drainage network and pond;
monitor the erosion of channels, embankments and the pond shoreline;
check the level of the permanent pool in the pond;
check for unwanted vegetation growth and algal blooms in the drainage ditches and pond;
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o
o

check for a sheen, frothiness and discoloration of the water in the pond; and
confirm the health of plantings around the pond shoreline.



Corrective maintenance will be carried out should any significant issues, with respect to the proper
function of the drainage ditch system, be identified during regular inspections.



Regular maintenance of the drainage ditches and culvert crossings including:
o
o
o
o

removal of trash, debris and accumulated sediment;
control of unwanted vegetation growth;
replanting of grass lining in channels; and
repairs to channels and culvert pipes and embankments.

References:
NWMO. 2011. EA Follow-up Monitoring Program. Nuclear Waste Management Organization document
NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information
Requests”, CD# 00216-CORR-00531-00143, September 28, 2012. (CEAA Registry Doc#759)
EIS-05-193

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information (including references) to support the statement that Type E botulism mortalities in waterfowl
are not influenced by the operations at the Bruce nuclear site.
Context:
“Shorebird, loon, cormorant and waterfowl mortalities associated with Type I botulism exposure are attributed to
natural occurrence of the toxin, and are not influenced by the operations at the Bruce nuclear site” (EIS, page 6114).
This statement requires support by reference to the published literature and/or relevant, internal studies.
Temperature effects associated with cooling water discharge may be a logical linkage to Type I botulism;
therefore, screening arguments for the lack of any linkage supported by references would contribute to the
understanding of the defensibility of the above-quoted statement in the EIS.
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OPG Response:
The statement “shorebird, loon, cormorant and waterfowl mortalities associated with Type E botulism exposure
are attributed to natural occurrence of the toxin, and are not influenced by the operations at the Bruce nuclear
site” was taken from page 64 of the Bruce A Refurbishment for Life Extension and Continued Operations Project
Aquatic Environment Technical Support Document (BRUCE POWER 2005).
Botulism or Botulism intoxication is caused by contact with the toxin produced by the bacterium Clostridium
botulinum. This neurotoxin causes eventual paralysis in those affected and cannot be spread between
organisms except by ingestion or contact with open wounds. Waterfowl and shorebirds are affected by two types
of botulism: Type C and Type E (the reference to Type I in the context above is assumed to be a typographical
error). Type C typically affects dabbling ducks and bottom-feeding species and Type E is more likely to affect
fish eating birds. The active bacteria that cause botulism only grow in oxygen-starved, nutrient-rich substrates,
such as areas with large amounts of decaying fish and plant material (GLRC 2009). Decaying animal and insect
carcasses provide favourable conditions for botulism toxin production since the decay process consumes
oxygen and creates anaerobic conditions (PSG 2003). It has long been known that Type C botulism is
perpetuated through a carcass-maggot cycle but researchers have now determined that Type E botulism can
also be spread through this cycle, which is one pathway through which both dabbling ducks and fish-eating
waterfowl may ingest the toxin (NYSG 2012). Birds and fish that have died from botulism decay become hosts
for maggots. The maggots may contain the botulism toxin and if fed upon by birds, the cycle can be continued.
While botulism outbreaks have been documented in the Great Lakes during periods when favourable conditions
for the toxin growth occur, which include high water temperatures and low lake levels, other factors are thought
to be more critical in the timing and location of botulism outbreaks. These include optimal environmental
conditions for spore germination and bacterial growth, nutrient-rich substrates that provide the conditions for
bacterial replication, a complete lack of oxygen and a means of toxin transfer to birds. It is likely that toxin
production, toxin availability to birds and, subsequently, botulism outbreaks in birds are largely controlled by a
combination of these ecological factors (Friend and Rocke 1999).
While the addition of cooling water to the lake as a result of the operations of the power plants at the Bruce
nuclear site has the potential to elevate water temperatures, this is not the primary parameter supporting the
increased growth of C. botulinum.
Surface runoff and groundwater from the DGR Project will be directed to a stormwater management pond prior
to discharge to MacPherson Bay. The DGR Project will not have any thermal discharges and does not have the
potential to raise the water temperature in Lake Huron.
References:
BRUCE POWER. 2005. Aquatic Environment Technical Support Document. Bruce A Refurbishment for Life
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Extension and Continued Operations Project Environmental Assessment. Prepared by Golder Associates Ltd.
Friend, M. and T.E. Rocke. 1999. Avian Botulism. In M. Friend and J.C. Franson (Eds.). Field Manual on
Diseases – General Field Procedures and Diseases of Birds. US Geological Survey. Washington, USA.
GLRC (Great Lakes Regional Collaboration). 2009. Botulism in the Great Lakes - Frequently Asked Questions
(available at: http://glrc.us/documents/botulism/appendixD/faq.pdf), accessed September 2012.
NYSG (New York Sea Grant). 2012. Great Lakes: Botulism in Lakes Erie and Ontario (available at:
http://www.seagrant.sunysb.edu/articles/t/great-lakes-botulism-in-lakes-erie-and-ontario-about-botulism),
accessed September 2012.
PSG (Pennsylvania Sea Grant). 2003. Botulism Factsheet. Penn State Erie. Erie, USA.

EIS-05-194

 Section 7.3,
Alternative
Means of
Carrying out the
Project

Information Request:
In regards to the period of institutional controls lasting up to 300 years, provide:
a) evidence of the feasibility of such controls.
b) An explanation of whether input from government agencies, aboriginal groups, and community
stakeholders was used as part of the rationale for the assumed 300-year timeframe for institutional
control.
c) more detail regarding the basis for this time-frame, including references from the academic literature and
other international nuclear waste repositories.
Context:
The decommissioning phase is to be followed by institutional controls lasting up to 300 years. The period of time
assumed for institutional controls is supported by one reference to the Swedish waste repository (Postclosure
Safety Assessment, page 24).
The 300-year timeframe is referred to as “consistent with international practice”. It is unclear how consistent with
international practice this actually is, given the single reference. Furthermore, discussion of this timeframe would
benefit from wider discussion with government agencies, aboriginal groups and community stakeholders, all of
which will have experience, policies, and a world-view to contribute to the discussion.
Finally, the academic literature should have been consulted for opinions from experts in human societies and
systems regarding whether the 300-year time period is defensible and appropriate.
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OPG Response:
a) Two references on the effectiveness of institutional controls were found:
1. After examining the historical analogues and failure modes, the passive institutional controls task force
for WIPP ascertained that the passive institutional controls will be highly effective for long periods of time
within the 10,000-year regulatory period. (U.S. DOE 1996a, Executive Summary).
2. A report from the Kansas Department of Health and Environment (KDHE) on inspection and records
review of historical contaminated sites (KDHE 2005, Section 2) states in its summary of findings that of
the 37 sites evaluated that had fully established institutional controls, none had significant compliance
issues. The report states that:
“The ten sites where minor compliance problems were observed are characterized as follows:







Two sites had minor erosion problems
Two sites had minor surface impacts due to burrowing animals
One site was used for raising animals, which potentially represents prohibited agricultural use
Two sites had minor security problems (breach in fencing, partial obstruction of required
signage)
Two sites had experienced minor excavating without proper notification to KDHE
One site had wells used for remediation or monitoring which had not been abandoned and
plugged as required.”

b) Specific discussions on the timeframe for assumed institutional controls have not been held with Aboriginal
Groups or community stakeholders. However, the assumption of the availability of institutional controls for up
to 300 years has been a part of DGR safety assessments for many years. Discussions with Canadian
Nuclear Safety Commission (CNSC) staff on DGR safety assessments have highlighted the assumption of
institutional controls for up to 300 years. For OPG’s DGR the 300-year period has been assumed, in part,
based on international positions on the assumed period for institutional controls for deep geologic
repositories, as explained in item c) below. During the regulatory process to obtain a decommissioning
licence and an abandonment licence for the DGR project (not expected before 2050), input from all
stakeholders would be sought on the nature of any institutional controls and the duration of any institutional
controls period.
c) The assumed 300-year timeframe for institutional controls for the purpose of safety assessment was chosen
partly based on the positions taken by other countries that either have radioactive waste DGRs in place or
are in the process of developing them. The known international positions on the time-frame for institutional
controls are described below.
1. Sweden has assumed a period of 300 years for institutional controls for their spent fuel geologic
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repository project (SKB 2006).
2. U.S. NRC has taken a risk-informed approach to determination of the type of institutional controls (U.S.
NRC 2006, Section 13.3.2 and Appendix M). WIPP has assumed that establishing access control and
maintaining active control for at least 100 years after decommissioning of the site should preclude entry
into the buried room from the time it is constructed until at least 100 years (U.S. DOE 1996b).
3. It is stated in Finland’s country report for the 4th Joint Convention on the Safety of Spent Fuel
Management and the Safety of Radioactive Waste Management held in May 2012 that “human
activities, affecting the repository or the nearby host rock, are precluded for 200 years at the most by
means of land use restrictions and other passive controls. It should also be noted that the Finnish
repositories for LILW are located at 60–100 m depth in the bedrock….” (STUK 2011)
4. France has taken the position for a surface facility at the Centre de la Manche for disposal of low and
intermediate level waste, that stopped operating in 1994, that the period during which the facility must be
controlled is at least 300 years (FRANCE 2011).
5. Switzerland did not formally state a position on the time frame for institutional controls at the 4th Joint
Convention on the Safety of Spent Fuel Management and the Safety of Radioactive Waste
Management, citing the reason as: since there are no disposal facilities to be closed in Switzerland in
the near future, further details of the institutional controls after closure have not been decided yet.
The assumed up-to-300-year institutional control period affects postclosure safety assessment in that it is
assumed that inadvertent human intrusion into the repository (by deep drilling) does not occur before 300 years.
In OPG’s response to Information Request EIS-03-49 (OPG 2012) analysis was submitted assuming that
human intrusion occurred at 100 years to show the sensitivity of postclosure safety assessment results to the
duration of an effective institutional controls period.
References:
FRANCE. 2011. Fourth National Report on Compliance with the Joint Convention Obligations, A Report for the
4th Joint Convention on the Safety of Spent Fuel Management and the Safety of Radioactive Waste
Management. September 2011.
KDHE. 2005. Evaluation of Existing Institutional Controls – A Report on Inspections and Records Review of
Historical Contaminated Sites With Institutional Controls Placed Prior to Enactment of Kansas Environmental
Use Controls Statute in July 2003 (March 2005). Kansas Department of Health and Environment report.
Topeka, USA. (available at http://www.kdheks.gov/remedial/vcp/download/euc_inspectionreport.pdf)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Response to Information Request (IR) Package #3”, CD#
00216-CORR-00531-00117, July 9, 2012. (CEAA Registry Doc #608)
SKB. 2006. Long-term Safety for KBS-3 Repositories at Forsmark and Laxemar – A First Evaluation. Main
Report of the SR-Can Project. Swedish Nuclear Fuel and Waste Management Company Report R-06-09.
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Stockholm, Sweden.
STUK. Joint Convention on the Safety of Spent Fuel Management and the Safety of Radioactive Waste
Management 4th Finnish National Report as referred to in Article 32 of the Convention. STUK report STUK-B
138. Helsinki, Finland.
U.S. DOE. 1996a. Title 40 CFR Part 191 Compliance Certification Application for the Waste Isolation Pilot Plant,
Appendix EPIC, Effectiveness of Passive Institutional Controls in Reducing Inadvertent Human Intrusion into the
Waste Isolation Pilot Plant for Use in Performance Assessments, U.S. Department of Energy report WIPPICAO96-3168. Carlsbad, USA. (available at
http://www.wipp.energy.gov/information_repository/cra/2009_cra/references/cca/Appendix_EPIC.PDF)
U.S. DOE. 1996b. , Title 40 CFR Part 191 Compliance Certification Application for the Waste Isolation Pilot
Plant, Appendix PIC, Passive Institutional Controls Conceptual Design Report, U. S. Department of Energy
report. Carlsbad, USA. (available at:
http://www.wipp.energy.gov/information_repository/cra/baselinetool/Documents/CCA%20Appendices/PIC%20Passive%20Institutional%20Controls.PDF)
U.S. NRC. 2006. Consolidated Decommissioning Guidance: Decommissioning Process for Materials
Licensees. U.S. Nuclear Regulatory Commission report NUREG-1757 Vol.1, Rev. 2. Washington, USA.
(available at: http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1757/v1/sr1757v1r2.pdf)

EIS-05-195

 Section 2.5,
Precautionary
Approach
 Section 8.7
Accidents,
Malfunctions
and Malevolent
Acts
 Section 12
Accidents,
Malfunctions
and Malevolent
Acts

Information Request:
Provide a detailed rationale for why threats and theft were not considered in the assessment of potential
malevolent acts.
Context:
A one-sentence statement in Section 4.13.3 of the EIS (page 4-88) explains that threats and theft were not
considered in the assessment of potential malevolent acts. Assuming that at least some threats would have to
be taken seriously and acted upon, at the very least, a considerable expenditure of time and resources would be
required to address these threats. This would affect the socio-economic assessment of the DGR Project. It is
possible to envisage that there might be serious consequences resulting from theft of material for malevolent
purposes. More explanation of why these two malevolent acts were not included is required to build confidence
in the completeness and defensibility of the assessment.
OPG Response:
As discussed in Section 6 of AMEC NSS (2011), potential malevolent acts against the DGR project can be
broadly categorized as:
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Threat of violence - an announced or implied threat against the DGR facility;
Theft – the illegal or unauthorised concealment or removal of property from the DGR facility;
Sabotage – clandestine actions intended to disable a DGR facility support system(s); and
Attack – a violent physical attack on the DGR facility.

As stated in AMEC NSS (2011), threats and theft were not considered in detail. The main reason that threats of
violence were not considered is that they have no potential to impact facility safety, and the acts of violence
themselves (i.e., sabotage and attack) were considered (see Chapter 6, AMEC NSS 2011). Theft was not
considered in detail because of low risk. Further discussion of threat and theft are provided below.
Threats
Threats would result in time and resources to address the threat, but would not affect the safety of the DGR.
The DGR will be on a secure nuclear site which already contains two 4-unit nuclear generating stations, their
support facilities, and surface facilities for handling and storage of low & intermediate level waste and used
nuclear fuel. Nuclear facilities are protected by a dedicated security force with support, if necessary, from
external law enforcement. These entities would also be involved in investigating threats. The potential costs for
responding to potential threats to the DGR are not considered material to overall facility cost.
Theft
Theft of materials from the DGR would need to involve a DGR employee or a DGR visitor or an intruder. All
employees are security screened and all visitors are escorted. The likelihood that an intruder gains access to
the DGR is very low because of security controls in place at the entrance to the Bruce nuclear site and that will
be in place at the operational DGR facility. Theft of non-nuclear materials represents a financial risk but not a
safety risk.
Theft of radioactive materials for malevolent purposes is low risk. The radioactive material at the DGR is lowlevel waste (LLW) or intermediate-level waste (ILW). All these wastes are in closed containers, typically 2-3 m3
in size, which are too large and heavy to steal. The wastes themselves are not handled at the DGR so there is
no routine opportunity for obtaining materials from a container. LLW are wastes such as contaminated clothing,
cleaning materials or incinerator ash; the radioactivity level in such materials would not cause serious personal
harm from small amounts that might hypothetically be surreptitiously removed.
Higher activity ILW will be inside robust waste packages (e.g., ILW resin wastes in steel container within
concrete overpack). The likelihood of theft of such materials is extremely low, because the waste packages will
be heavy (few tons to tens of tons, (OPG 2011, Table 5-7)), and retrieval of the ILW from the robust waste
packages would require removal of a heavy lid under potential high radiation conditions.
In addition, once removed from the container, the thief would then have to bypass several very sensitive
radiation detectors in order to remove the material from the facility undetected.
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Therefore, the risk of theft of any L&ILW material is very low.
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada.
(CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)

EIS-05-196

 Section 10.1.5,
Aquatic
Environment

Information Request:
Discuss the habitat of the nearshore areas of MacPherson Bay with respect to the presence and relative
abundance of periphyton and phytoplankton. Include citations to relevant research conducted in the Local Study
Area.
Context:
EIS Section 6.5.3.3 (page 6-129) states “The coarse substrates in the bay limit primary production (growth of
aquatic macrophytes) and offers little by way of cover for fish in its clear shallow waters”. This statement does
not explain the status of other primary producers in MacPherson Bay, notably attached algae (periphyton) as
well as free-floating phytoplankton. The periphyton community may be a key habitat feature regarding provision
of feeding opportunities for the observed species of fish in the bay. The algal community may respond to
temperature effects from cooling water discharge and/or nutrient effects from stormwater discharge. This
response, in turn, may affect the fish community. Acknowledgement of this potential linkage and discussion of
the algal community in MacPherson Bay is required to contribute to the understanding of the reliability,
defensibility and appropriateness of the assessment.
OPG Response:
Three years of Bruce NGS A pre-operational aquatic biological studies were conducted from 1973 to 1975 (Ellis
1982). Periphyton sampling was part of the studies and the results indicate that the majority of the Bruce
Nuclear Power Development (BNPD) shoreline contained little or no attached algae as nutrient levels were too
low to support algal growth. Locally higher concentrations of periphyton (Ulothrix and Cladophora) were noted in
Baie du Doré, primarily due to warmer temperatures in this area and limited ice scour (Ellis 1982).
Post-operational studies were conducted from 1979 to1981 to collect similar data on periphyton to determine the
development induced changes to the environment around BNPD subsequent to the operation of Bruce A
(Ruggles 1984). A review of the data found that differences in periphyton growth were observed relative to the
various discharge points (Douglas Point, Bruce A), with enhanced algae growth in the discharge channels
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relative to unaffected areas along the nearshore.
Studies in the Great Lakes have found phytoplankton distribution highly spatially variable and dependent on
current movement. It has been reported that the littoral phytoplankton community moves continuously along the
shoreline near the Bruce A site (i.e., in the vicinity of MacPherson Bay), and appears to circulate around the
Lake Huron shoreline in a counter-clockwise pattern (Ruggles 1984). Therefore, phytoplankton communities
would not be considered “resident” in the area.
Phytoplankton monitoring at BNPD was carried out annually from 1973 to 1980. Mean annual biomass was
highest in Baie du Doré of all nearshore sites sampled. This difference was attributed to the warmer waters and
greater availability of nutrients in this area. In the vicinity of Bruce A, which is assumed to be the closest
sampling point to MacPherson Bay, it was noted that phytoplankton was abundant but was dominated by
diatoms (Bacillariophyta) (Ruggles 1984). This predominance is characteristic of low nutrient levels and
moderate water temperatures that are typical in oligotrophic waters.
The phytoplankton community studies in the vicinity of Bruce A, including MacPherson Bay, indicated that peak
density and biomass occurred in June, with a second, smaller peak in August/September (Ellis 1982). The
pulses were attributed primarily to an increase in the numbers of Fragilaria sp., while the mid-summer decline
was attributed to nutrient depletion. Spatial variation in both biomass and species composition was noted, with
biomass highest in the nearshore areas, and lowest in the offshore (Ruggles 1984). Diatoms dominated the
community during the spring and summer, while Cyanophyta dominated the fall community (October) (Ruggles
1984).
During 2007, water quality samples were collected at 10 locations between Kincardine and Southampton in May,
June and September as part of the Hydrology and Water Quality study for the Bruce New Build (GOLDER
2008). In general, the water quality sampling showed that Lake Huron in the vicinity of Bruce Power is low in
dissolved solids, suspended solids, organic carbon and nutrients (Total Kjeldahl Nitrogen [TKN], nitrate,
phosphorous, ammonia). These conditions indicate that the water is clear and has limited productivity in terms
of algae.
As assessed in the Hydrology and Surface Water Quality Technical Support Document (GOLDER 2011), the
discharge from the proposed stormwater pond is not expected to affect water temperature in MacPherson Bay
and nutrients are not expected to exceed water quality guidelines. Therefore, the algal communities in
MacPherson Bay are not expected to change due to the stormwater discharge from the DGR Project.
References:
Ellis, C.J. 1982. Bruce NGS: A Pre-Operational Environmental Survey, 1973-1975. Ontario Hydro Report No.
82143.
GOLDER. 2008. EIS Studies – Hydrology and Water Quality Technical Support Document for the Bruce New
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Nuclear Power Plant Project Environmental Assessment.
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada.
(CEAA Registry Doc #299)
Ruggles, R.G. 1984. Bruce Nuclear Power Development: An Assessment of the Effects of Construction and
Operation on the Natural Environment to 1981. Ontario Hydro Report No. 84363.

EIS-05-197

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide a more detailed rationale for the assertion in the EIS that MacPherson Bay is generally an unsuitable
habitat which offers limited foraging opportunities and very limited spawning and nursery habitat (EIS page 6129). Include reference to the habitat map of MacPherson Bay (Aquatic Environment TSD Figure D-1) and
overlay the observations of fish from the 2007 sampling program.
Context:
EIS Section 6.5.3.3 (page 6-129) states “MacPherson Bay is unsuitable for critical life history functions of many
fish species (e.g. spawning/nursery areas for many species including smallmouth bass and pike), and likely
offers minimal foraging opportunities for some species and very limited spawning and nursery habitat for a small
proportion of the populations of a few coastal species like the invasive round goby and bluntnose minnow”. This
statement is not supported by references. It is not supported by any explanation of the terms “likely” or “small
proportion”. It appears to be a statement of professional opinion. Three references are cited in support of a list of
species observed in the Local Study Area including the discharge channels, and Baie du Doré; these references
are dated 1986, 1993 and 1999 and are not cited in support of the above statement. Two references appear in
the TSD, dated 1984 and 1986 (TSD, page 46). There are no citations of more recent data, apart from the
limited sampling that took place during the 2007 aquatic field program in support of the assessment. Provision of
a more detailed rationale for the above statement is required to evaluate the reliability and defensibility of the
assessment that is based upon this interpretation of the existing environment.
OPG Response:
The statement “MacPherson Bay is unsuitable for critical life history functions of many fish species (e.g.
spawning/nursery areas for many species including smallmouth bass and pike), and likely offers minimal
foraging opportunities for some species and very limited spawning and nursery habitat for a small proportion of
the populations of a few coastal species like the invasive round goby and bluntnose minnow” is supported by the
findings of surveys conducted in MacPherson Bay by Golder Associates Ltd. in 2007 (GOLDER 2008). In
addition to the seine netting surveys described in GOLDER (2008), the following data from additional seine
netting, gillnetting, bass nesting surveys and substrate surveys forms part of the basis for the above statement.
These 2007 surveys included:
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fish habitat characterization;
benthic invertebrate community sampling;
smallmouth bass nest searches; and
fish community assessment.

The sampling locations of the 2007 fish sampling program in MacPherson Bay are shown on Figure 1
(enclosed). The results of these surveys are as follows.
Fish Habitat Characterization
The results of substrate mapping in MacPherson Bay indicate that the bottom substrate is dominated by bedrock
and cobble substrates. Approximately 70% of MacPherson Bay is less than two metres deep. The substrate is
composed of cobble (approximately 53%), bedrock (approximately 40%), large boulders (approximately 3%) and
sand (approximately 4%). Sections of coarse substrate form a layer which overlies bedrock creating an
armouring effect. There appears to be very little interstitial space between coarse particles. Fine sandy
substrate is only found within a small embayment in the southeast corner of the MacPherson Bay, which is
protected from wave action. No aquatic macrophytes were observed in the Bay. The shoreline of the Bay
consists of bedrock with cobbles and boulders. MacPherson Bay is subject to extensive wind and wave action.
Bottom and shoreline characteristics are likely products of ice scour and areas dominated by coarse particles
may not be stable as a result of these natural forces.
Benthic Invertebrate Community
Benthic invertebrate community sampling was conducted in the nearshore in 2007 for the Bruce New Nuclear
Power Project (GOLDER 2008). The only area of depositional habitat in MacPherson Bay is located at the
southwest corner of the bay, which was the location of the benthic invertebrate sample station. All other
substrate in the bay is hard bedrock and boulder/cobble which is regularly scoured by wind and wave action. In
comparison of the invertebrate communities within MacPherson Bay and Baie du Doré, the density of individuals
was slightly higher at the station located within MacPherson Bay than in the two stations located in Baie du
Doré. Communities in all three locations contained a low number of taxa (i.e., low diversity index value). Slightly
higher evenness values in Baie du Doré are indicative of a more balanced, stable community. The majority of
the chironomids at the MacPherson Bay station are predaceous which is consistent with the low availability of
organic matter as a food source: such habitat would not be expected to support a large community of primary
consumers. Whereas, the Baie du Doré stations contained herbivorous species such as Chironomus sp. which
was absent from the MacPherson Bay station.
Additional observational data provided by field crews completing index netting and habitat mapping in
MacPherson Bay in 2007, indicates that the benthic invertebrate community associated with coarse substrates
(i.e., boulder/rubble) and bedrock substrates which, collectively, make up approximately 96% of the bay is
dominated by low densities of zebra mussels. Occasionally, aquatic earthworms (Class Oligochaeta),
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freshwater scuds (Order Amphipoda) and sow bugs (Order Isopoda) were also observed amongst the coarse
material. The hostile environment caused by extensive wave action in the shallow bay and the effects of ice
scour and pressure (i.e., substrate compression resulting in very little interstitial space) are the likely influences
on low invertebrate densities and species diversity on these substrates.
Smallmouth Bass Nest Searches
A count of active smallmouth bass nests was completed in Bruce A and Bruce B discharge channels, Baie du
Doré and MacPherson Bay in June, 2007 (GOLDER 2008). As expected, no bass nests were observed in the
exposed high-energy environment of MacPherson Bay. The majority of smallmouth bass nest were found in
Baie du Doré, with a few observed in the Bruce A and the Bruce B discharge channels.
Fish Community Assessment
Index gillnets and Nordic nets were deployed in the nearshore areas of MacPherson Bay and Bay du Doré in
June, August, and October 2007. Table 1 summarizes the catch data from these events.
Table 1: Total Catch (Number by Species) by Index Netting Event (Experimental and Nordic Nets
Combined) for Nearshore Index Netting Locations (Macpherson Bay and Baie Du Doré) 2007
MacPherson Bay

Baie du Doré

Species

June
(N=71)

August
(N=40)

October
(N=47)

Total
(%)

June
(N=50)

August
(N=49)

October
(N=85)

Total (%)

Lake trout

1

0

0

0.6

0

0

0

0

Walleye

0

0

1

0.6

0

0

0

0

Yellow perch

0

0

3

2.0

0

3

18

11.4

White perch

1

4

0

3.2

0

0

1

0.5

Round
whitefish

0

0

1

0.6

0

0

0

0

Lake chub

40

0

0

25.3

0

0

0

0

Smallmouth
bass

0

0

1

0.6

2

1

1

2.2

Rock bass

1

1

0

1.3

4

3

42

26.6
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Longnose gar

0

2

0

1.3

1

0

0

0.5

White sucker

2

1

0

2.0

0

0

1

0.5

Common carp

0

3

1

2.5

4

3

0

3.8

Longnose
sucker

0

1

3

2.5

0

0

0

0

Shorthead
redhorse

0

0

0

0

2

1

0

1.6

Stonecat

0

1

3

2.5

0

0

0

0

White bass

0

0

1

0.6

0

1

0

0.5

Freshwater
drum

1

2

0

2.0

0

0

0

0

Gizzard shad

0

0

1

0.6

2

1

7

5.4

Longnose
dace

2

0

3

3.2

0

0

0

0

Rainbow smelt

0

0

1

0.6

0

0

0

0

Round goby

10

19

22

32.3

13

13

5

16.9

Common
shiner

0

0

0

0

0

0

3

1.6

Emerald shiner

9

0

0

5.7

6

0

0

3.3

Spotfin shiner

4

6

6

3.8

16

23

7

1.0

Note:
Based on data presented in the Bruce New Nuclear Power Plant Project Aquatic Environment TSD (GOLDER 2008).

Shoreline seine netting was completed in the nearshore areas of MacPherson Bay in June, August, and October
2007. The results are contained in Table 2 below.
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Table 2: Total Catch (Number by Species) By Index Netting Event (Seine Netting) for Nearshore Index
Netting Locations (Macpherson Bay and Baie Du Doré), 2007
MacPherson Bay

Baie du Doré

Species

June
(N=236 )

August
(N=368 )

October
(N=174 )

Total
(%)

June
(N=1,762)

August
(N=697)

October
(N=473 )

Total
(%)

Spottail shiner

54

137

162

45.4

1550

163

297

68.6

Spotfin shiner

0

8

0

1.0

44

7

29

2.7

Round goby

168

86

9

33.8

103

75

34

7.2

Longnose gar

1

0

0

0.1

0

0

0

0

White sucker

7

2

0

1.2

59

11

0

2.4

Smallmouth
bass

0

0

0

0

1

4

0

0.2

Bluntnose
minnow

1

1

0

0.3

2

105

80

6.4

Johnny darter

0

0

0

0

2

8

1

0.4

Banded
killifish

0

2

0

0.3

1

186

23

7.2

Emerald
shiner

5

32

0

4.8

0

38

2

1.4

Fathead
minnow

0

0

0

0

0

2

0

<0.1

Pumpkinseed

0

0

0

0

0

2

0

<0.1

Yellow
bullhead

0

0

0

0

0

1

0

<0.1

Common
shiner

0

0

0

0

0

5

2

0.2

Yellow perch

0

2

0

0.3

0

0

4

0.1
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Sand shiner

0

10

0

1.3

0

8

0

0.3

Lake chub

0

1

0

0.1

0

0

0

0

Alewife

0

0

1

0.1

0

0

0

0

Rainbow
smelt

0

0

1

0.1

0

0

0

0

Rainbow
darter

0

0

1

0.1

0

1

1

<0.1

YOY Shiner
(unidentified
Sp.)

0

87

0

11.2

0

81

0

2.8

Note:
Based on data presented in the Bruce New Nuclear Power Plant Project Aquatic Environment TSD (GOLDER 2008).

Round goby made up significant proportions of the catches in MacPherson Bay during all three periods (34.5%
gill netting and 33.8% seine netting). Round gobies nest on hard substrates during their spawning period
typically from May to June. Their abundant catch in MacPherson Bay in the June seine netting survey indicates
that they may be utilizing the nearshore of MacPherson Bay for spawning.
Spottail shiner represented approximately 23% of the catch in MacPherson Bay seine nets during their spawning
period (June) whereas they represented 88% of the June catch in Baie du Doré. This suggests that Baie du
Doré likely provides more suitable spottail shiner spawning and rearing habitat. Spottail shiner represented 93%
of the catch in October in MacPherson Bay suggesting that this species may utilize this area for feeding
purposes. Predators such as lake trout and walleye were captured in the vicinity of MacPherson Bay. A single
adult smallmouth bass and two longnose gar (Lepisosteus osseus) were also captured in the bay in October and
August, respectively. These species were not captured in MacPherson Bay within their typical spawning period.
Larval trapping was also completed in the spring of 2007 in the nearshore area adjacent to Bruce A and
MacPherson Bay to ascertain whether or not lake whitefish or round whitefish utilize this area for spawning. A
total of 17 traps were deployed on areas of cobble substrate between April 24 and May 9, at depths ranging from
3 to 8 m. The trap locations were deemed to have good potential as spawning areas based on substrate and
depth characteristics. Bottom water temperature varied between 4.5 and 11°C. Traps were deployed for a total
of 629 trap nights but no larval coregonids were captured.
Based on the 2007 surveys, MacPherson Bay is used by a number of species including spottail shiner, and
smallmouth bass; however, the Bay is regularly subjected to high energy wave action and severe ice scour,
which have resulted in course substrates that form “armour” with very little interstitial space, limited accumulation
of stable, fine sediment, and no macrophyte growth. Based on the results of the smallmouth bass nest searches
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and netting results, MacPherson Bay does not provide preferred spawning habitat for smallmouth bass or other
species common to the area, such as spottail shiner. Additionally, given the lack of aquatic macrophytes and
dynamic nature of the waters, MacPherson Bay is not likely to provide desirable nursery habitat or residence for
inshore species like spottail shiner. There is no pike spawning habitat in MacPherson Bay and no pike were
observed.
Therefore, the statement “MacPherson Bay is unsuitable for critical life history functions of many fish species
(e.g., spawning/nursery areas for many species including smallmouth bass and pike), and likely offers minimal
foraging opportunities for some species and very limited spawning and nursery habitat for a small proportion of
the populations of a few coastal species like the invasive round goby and bluntnose minnow” is supported by the
findings of these recent surveys.
Reference:
GOLDER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment: EIS Studies Aquatic
Environment Technical Support Document.

EIS-05-198

 Section 10.1,5
Aquatic
Environment

Information Request:
Provide the rationale for the absence of benthic invertebrates in the data in support of the EIS for the DGR
Project.
Context:
EIS Section 6.5.3.4 (page 6-130) states “Several studies undertaken since the commissioning of Bruce A have
shown that the benthic invertebrate communities in the wave-washed nearshore zone are reduced in both
density and diversity of organisms, and that only a few species are able to colonize this hostile habitat [174;
209]. The two references cited are from 1984 and 1986. No further studies are cited. No field studies of benthic
invertebrates were conducted in support of the DGR Project EIS (Aquatic Environment TSD). Furthermore, no
studies of benthic invertebrates (apart from crayfish surveys) were conducted in the Railway Ditches, marsh and
swamp within the Project Area and Stream C in support of the DGR Project EIS. Additional rationale for the
absence of recent, relevant benthic invertebrate data is required for the evaluation of the reliability and
defensibility of the assessment of effects on the benthic invertebrate VEC.
OPG Response:
Background information and incidental observations of invertebrate use of the aquatic systems on-site were
used to characterize the existing conditions in the Project Area for the benthic invertebrate valued ecosystem
component (VEC). In 2004, a bioinventory of the Railway Ditch for the Western Waste Management Facility
Integrated EA Follow-Up Program concluded that the benthic invertebrate community consists of few species,
including leeches, aquatic snails, aquatic crayfish and larval beetles at stations located in open water areas of
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the ditch (KINETRICS 2005). These invertebrate observations were supported by field work in 2007 reported in
the Aquatic Environment Technical Support Document (GOLDER 2008).
Wetland ponds were also investigated in the 2004 surveys, some of which are located in the wetlands of the
Project Area. Notes on their observations indicate common invertebrates of vernal ponds such as Amphipods
and Gastropods (KINETRICS 2005).
Benthic invertebrate community sampling was conducted in the nearshore in 2007 for the Bruce New Nuclear
Power Plant Project (GOLDER 2008). Samples were collected at two locations in Baie du Doré and at one
location in MacPherson Bay. There is only one area of depositional habitat in MacPherson Bay located at the
southwest corner of the bay, which was the location of the benthic invertebrate sample station. All other
substrate in the bay is hard bedrock and boulder/cobble which is regularly scoured by wind and wave action
(refer to OPG’s response to Information Request (IR) EIS-05-197). All sample locations consisted of sand and
fine sediment and were taken at depths ranging from 0.8 to 1.5 m. Comparing the invertebrate communities
within MacPherson Bay and Baie du Doré, the density of individuals was slightly higher at the station located
within MacPherson Bay than in the two stations located in Baie du Doré. Communities in all three locations
contained a low number of taxa (i.e., low diversity index value). Slightly higher evenness values in Baie du Doré
are indicative of a more balanced, stable community. The majority of the chironomids at the MacPherson Bay
station are predaceous, which is consistent with the low availability of organic matter as a food source: such
habitat would not be expected to support a large community of primary consumers. The Baie du Doré stations
contained herbivorous species such as Chironomus sp. which was absent from the MacPherson Bay station.
Additional observational data provided by field crews completing index netting and habitat mapping in
MacPherson Bay in 2007, indicates that the benthic invertebrate communities associated with coarse substrates
(i.e., boulder/rubble) and bedrock substrates which, collectively, make up approximately 96% of the bay, is
dominated by low densities of zebra mussels. Occasionally, aquatic earthworms (Class Oligochaeta),
freshwater scuds (Order Amphipoda) and sow bugs (Order Isopoda) were also observed amongst the coarse
material. The hostile environment caused by extensive wave action in the shallow bay and the effects of ice
scour and pressure (i.e., substrate compression resulting in very little interstitial space) are the likely influences
on low invertebrate densities and species diversity on these substrates.
Based on the recent and historic data, combined with professional judgement and data for other trophic levels, it
is OPG’s position that there is adequate information to confidently describe the benthic invertebrate community
potential in the study area to the extent needed for the effects assessment.
References:
GOLDER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment: EIS Studies Aquatic
Environment Technical Support Document.
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III Operational Phase October 2003 – May 2005. Report No. K-010669-001-RA-0001-R0. Prepared for the
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Nuclear Waste Management Division, Ontario Power Generation.

EIS-05-199

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Assess the impacts of additional traffic flow and space needs resulting from individual contractor requirements to
supply stand-alone potable water, and washroom and sanitary facilities, at the DGR construction site.
Context:
The PSR states on page 598 that, “Contractors will supply their own stand-alone washroom and sanitary
facilities.” This indicates that no connection for contractor staff facilities with existing Bruce nuclear site sewer
lines will occur, requiring that each separate contractor supply separate facilities for each group of workers, and
that continuous additional traffic flow for the purpose of supplying potable water and removing waste water for
each must also occur. This will lead to potentially higher rates of traffic flow and a requirement for more site
storage space in the contractor staging area.
OPG Response:
O. Reg. 213/91, Construction Projects, under the Ontario Occupational Health and Safety Act specifies the
number of toilets required for a workforce at a construction project. The peak on-site employment during site
preparation and construction phase is approximately 200 persons. Based on O. Reg. 213/91 it is estimated that
approximately 15 toilets would be required at the site; however, some of these may be substituted with urinals.
There are a number of different types of facilities, with holding tanks, that could be used to meet these needs.
The DGR Project site is large enough to provide space for the number of temporary toilet facilities required for
the DGR Project site.
A single vacuum truck, from a local contractor, can maintain these portable units with a single vehicle entering
and leaving the site, at most, daily. Similarly, only a single vehicle would be required to provide potable water, at
most once each day. When the number of workers on-site is less, it is likely that fewer vehicle trips would be
needed. When possible, services of water delivery and septage pumping will be coordinated for the DGR
Project site with other similar services provided on-site to reduce the number of trucks.
The Traffic Impact Study (McCormick Rankin 2011) assessed the impact of vehicles on levels of traffic during
each phase of the DGR Project. During the construction phase, the total numbers of inbound and outbound
vehicles, including traffic associated with the operation of the generating stations by Bruce Power, expected
during the AM peak hour are 2,512 and 309, respectively. During the PM peak hour, the total numbers of
inbound and outbound vehicles expected are 268 and 2,332, respectively. Truck traffic (included in these total
inbound and outbound vehicle estimates), based on the peak year daily average truck traffic providing all
deliveries and services for the DGR Project was estimated to require, at most, eight trucks entering and leaving
through the Bruce main gate each day. The traffic impact assessment conservatively considered ten trucks daily,
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five during the AM peak and five during the PM peak. These trucks were estimated to include a range of service
types associated with construction. In addition, it is likely that trucks providing service water and septage needs
would operate during non-peak hours whenever possible. They will not materially adversely affect the flow of
traffic in and out of the site and will not result in changes to Levels of Service of roads/intersections within the
study area.
References:
McCormick Rankin. 2011. Deep Geologic Repository for Low and Intermediate Level Waste, Traffic Impact
Study, Final Report.
O. Reg. 213/91, Construction Projects. Ministry of Labour.

EIS-05-200

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Indicate where unsuitable (as re-usable topsoil overburden) soil materials will be stored within the planned DGR
Construction Layout (PSR Figure 9-2, p. 597).
Provide a description of overburden material that will be generated during preliminary construction activities,
indicating what is meant by “unsuitable overburden material”. Indicate where and when the overburden material
will be used as backfill.
Context:
When performing initial construction site clearing it is stated that “Overburden material that would be unsuitable
for use in topsoil will be stockpiled and used later for backfilling.” No indicated area for “unsuitable” overburden,
such as soil, sand or waste rock, is indicated in the DGR Construction Layout plan view (page. 596).
OPG Response:
Field investigations were conducted in 2011 to better characterize the shallow subsurface conditions of the DGR
project site. The scope of the program included 25 boreholes, 23 test pits, 2 geophysical lines, and geotechnical
and environmental soil testing (refer to OPG’s response to Information Request EIS-03-54 (OPG 2012)). In
general, the near surface soils at the DGR project site consist of a surficial layer of top soil and/or fill material
underlain in some locations by granular deposits of silt, sand and gravel. These deposits in turn are underlain by
dense glacial till. Environmental testing of these near surface soil materials have shown that no special
precautions would be required if reused elsewhere on the DGR project site (GOLDER 2012, Section 7.0).
Based on aforementioned soil investigation data it is envisioned that overburden materials from the site
development activities will be suitable for use as either engineered backfill material, for construction of perimeter
berm(s) or for general contouring fill.
Placement of engineered backfill materials will largely occur in the vicinity of DGR surface facilities for purpose
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of setting site grade elevations at the shaft collars.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Soil Investigation for
Proposed Surface Facilities. Golder Associates Ltd report 1011170042-REP-G2030-0002. (CEAA Registry
Doc# 610)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate
Level Waste – Submission of Response to Information Request (IR) Package #3, CD# 00216-CORR-0053100117, July 9, 2012. (CEAA Registry Doc# 608)

EIS-05-201

 Section 8.2,
Site Preparation
and
Construction
 Section 11.4.7,
Atmosphere

Information Request:
Indicate what types of drilling equipment may be required for surface site preparation scenarios (grouting,
freezing or both) involving surface construction and early shaft sinking operations that may be needed to control
potential groundwater inflows. Describe the potential effects to air quality from the use of such specialized
equipment.
Context:
A discussion of surface site preparation operations and equipment requirements for them is made in the EIS
page 4-41). In this section mention is made that “implementing a ground improvement program (grouting)” may
be required in advance of shaft sinking “to control potential groundwater inflows”. Though indeterminate at this
time, the application of drilling and grouting processes appears to be highly likely under the surface construction
and early shaft sinking scenario. Therefore a description and summary of additional equipment typically used for
such operations must be included in the equipment inventory that is proposed in EIS Table 4.7.1-1 page. 4-41).
In addition to grout sealing as a means of restricting water inflows, other “ground improvement techniques will be
employed in advance of sinking activities” (page 4-46) that may include freezing. This ground sealing technique
also involves systematic and extensive drilling of the surface rock, yet no mention is made of potential
equipment requirements necessary to complete this work.
OPG Response:
The drilling equipment required for ground treatment (grouting or freezing) is not specialized. Ground treatment
drilling is part of the shaft sinking activities and therefore covered as part of the construction air modeling. The
Atmospheric Environment Technical Support Document (GOLDER 2011, Table F4-2) provides a detailed list of
equipment which was included in the predicted emissions associated with the site preparation and construction
phase of the project. The results of the modelling, which include emissions for drilling equipment, are reported in
the Environmental Impact Statement (OPG 2011, Section 7.7.2.3). Further detail on emissions associated with
site preparation and construction is provided in OPG’s response to Information Request EIS-04-139 (OPG
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2012).
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD#
00216-CORR-00531-00138, September 6, 2012. (CEAA Registry Doc# 725)

EIS-05-202

 Section 2.2,
Public
Participation
and Aboriginal
Engagement
 Section 6.1
Aboriginal
Peoples

Information Request:
Provide a description of how input was obtained from the Métis Nation of Ontario (MNO) and Historic Saugeen
Métis Community (HSMC) regarding Valued Ecosystem Components to be used in the assessment. If input was
obtained, provide the location of the description of input regarding VECs in the EIS, its Appendices, or the
Aboriginal Interests TSD.
Context:
Page 2-19 of the EIS states “The MNO expressed an interest in having an opportunity to review and comment
on the Valued Ecosystem Components....”. It is unclear whether the MNO or the HSMC were given the
opportunity and, if so, where the input obtained regarding VECs is documented.
OPG Response:
As discussed in the Environmental Impact Statement (EIS) (OPG 2011, Section 2.3.2 and Section 2.3.3) OPG
entered into a Letter of Agreement with Historic Saugeen Métis Community (HSMC) and as confirmed in OPG’s
response to Information Request (IR) EIS-02-43 (OPG 2012a), a Participation Agreement with Métis Nation of
Ontario (MNO). The purpose of these agreements was to provide capacity for the respective groups to review
appropriate technical information as it pertains to rights and interests and to communicate with its citizens about
the DGR Project.
OPG’s response to IR-EIS-03-47 (OPG 2012b) describes the opportunities for Aboriginal Engagement to provide
input on the draft list of Valued Ecosystem Components (VECs) for the DGR Project, including opportunities for
Historic Saugeen Métis Community and the Métis Nation of Ontario represented citizens in the Georgian Bay
Region to participate. These opportunities included:


Participation in March 2010 HSMC open house at the Storefront Office in Southampton. OPG/NWMO
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provided information panels, handouts and staff to discuss the project and respond to questions.
Correspondence to HSMC and the MNO providing draft technical support documents for review and
requesting feedback;
o August 10, 2010 correspondence to HSMC on Aquatic Environment, Terrestrial Environment,
Hydrology and Surface Water Quality, and Radiation and Radioactivity Technical Support
Documents
o August 10, 2010 correspondence to MNO on Aquatic Environment, Terrestrial Environment,
Hydrology and Surface Water Quality, and Radiation and Radioactivity Technical Support
Documents
o October 20, 2010 correspondence to HSMC and to MNO on the Aboriginal Interests Technical
Support Document providing the draft report and requesting comments
May 2010 workshop with MNO presenting information on VECs, and preliminary results of the
environmental assessment, geoscientific and safety assessment studies.
September 2010 workshop with HSMC presenting information on VECs, and preliminary results of the
environmental assessment, geoscientific and safety assessment studies.
November 2010 meeting at which HSMC provided verbal feedback on the Aboriginal Interests Technical
Support Document.

The listed opportunities were supplementary to the opportunities available to all members of the public.
As indicated in OPG’s response to IR-EIS-03-47 (OPG 2012b), no specific comments or concerns were raised
by the identified Aboriginal communities regarding the list of VECs.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc #298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR00531-00115, June 1, 2012. (CEAA Registry #523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry #608)
EIS-05-203

 Section 2.2,
Public
Participation
and Aboriginal

Information Request:
Describe how input from the SON was used to develop the methods for assessment of effects of the project on
VECs (including the use of the burial site); in particular, the magnitude and overall significance of any effects as
may be interpreted using Traditional Knowledge.
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 Section 2.3,
Traditional
Knowledge

According to Section 2.3 of the EIS Guidelines, traditional knowledge can contribute to project siting and design,
identification of issues, the evaluation of potential effects, and their significance, the effectiveness of proposed
mitigation, cumulative impacts, and the consideration of follow-up and monitoring programs.

 Section 6.1,
Aboriginal
Peoples

Sections 2.3 and 7.16 of the EIS do not present information regarding how Traditional Knowledge obtained
through consultation with the SON was incorporated into decisions regarding project siting and design, the
evaluation of potential effects, their significance, the effectiveness of proposed mitigation and follow-up and
monitoring.
OPG Response:
OPG and the NWMO encouraged the on-going participation of Aboriginal peoples in the DGR Project and
initiated engagement with Saugeen Ojibway Nation (SON) early in the project. Specific information regarding
Traditional Knowledge was not provided by SON throughout the Environmental Assessment (EA). Where
feedback, insight and comments were provided, they were used to inform the EA methodology. Listed below are
three examples which summarize the feedback and how it was used:
1. A peer review (ECOMETRIX 2005) of the Independent Assessment Study (GOLDER 2004)
commissioned by SON in 2005 was used to inform characterization of the geosphere and biosphere, the
determination of potential community effects, and monitoring. This input was considered to reflect the
traditional Ojibway spiritual worldview and general concerns regarding the DGR Project. The peer
review was the outcome of a Memorandum of Understanding (MOU) signed between SON and OPG in
October 2004. Community meetings were arranged in April 2005 to present the results of the peer
review and obtain feedback from SON community members. Table 1 provides a list of the peer review
comments, with cross-references to the Environmental Impact Statement (EIS) (OPG 2011a) where the
comments are addressed.
2. A 2010 technical workshop with SON’s technical consultants and SON staff on engineering, safety
assessment, and geoscientific studies, including tours of the Western Waste Management Facility, and
the proposed DGR site, provided opportunities for questions by meeting participants. Table 2 provides a
list of these questions, with cross-references to the EIS where relevant discussion is provided.
3. Following the 2010 technical workshop, SON and their technical advisors requested a number of
documents to assist them in their technical peer review of the DGR Project, and would facilitate a
determination on how their rights and traditions might be affected. The documents are listed in Table 3.
Additionally and as described in OPG’s response to IR-EIS-03-47 (OPG 2012b), opportunities for Aboriginal
input to the selection of VECs were provided, including an opportunity for SON representatives to observe field
studies completed in 2009. The SON observers attended some field studies; however, no written feedback was
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Tables 1, 2 and 3 follow.
Table 1: Peer Review Recommendations
Peer Review Comment

Guide to Where the Peer Review Comments are
Addressed in the EIS

Storage vs. Disposal:
If surface storage is selected, the proponent should
evaluate how the wastes will eventually be disposed
after decades or centuries

The assessment of alternatives to the project (OPG
2011a, Section 3.3) evaluated at-surface and deep
geologic alternatives. The deep geologic repository
was identified as the preferred alternative.

Characterization of Waste and Engineered Barriers:
The composition of LLW and ILW over time should be
described, including an inventory of radionuclides
present, their concentrations and quantities.

The waste inventory report (OPG 2010) provides
detailed information describing the waste to be placed
in the DGR. Section 4.5 of the EIS (OPG 2011a)
summarizes the categories of waste, volumes of
waste and estimated radionuclide and chemical
inventory of the waste to be placed in the DGR.

The physical matrices containing the LLW and ILW
should be described.

Waste package descriptions are provided in the EIS
(OPG 2011a, Table 4.8.2-1)

The physical properties and stability over time of any
engineered barriers should be documented.

OPG is not taking credit for any packages as
engineered barriers. The shaft seal, described in
OPG (2011a, Section 4.11.4) is an engineered barrier
that will be installed at the decommissioning phase.

Characteristics of Geosphere and Groundwater
The geologic conditions surrounding the repository and
between the repository and the surface should be
evaluated, along with groundwater flows.

The Descriptive Geosphere Site Model (DGSM)
(INTERA 2011) summarizes the current
understanding of underground geological,
hydrogeological and geomechanical conditions of the
Bruce nuclear site relevant to DGR repository
engineering and safety assessment functions.

The chemistry of groundwater should be assessed in
terms of conditions which could affect the ability of
groundwater to mobilize and transport radionuclides.

The Descriptive Geosphere Site Model (DGSM)
(INTERA 2011) summarizes the current
understanding of underground geological,
hydrogeological and geomechanical conditions of the
Bruce nuclear site relevant to DGR repository
engineering and safety assessment functions. The
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hydrogeologic model is described in (INTERA 2011,
Section 4).
A review should be completed on the potential
movement of radionuclides or their chemical analogues
through sedimentary rock with similarities to the
limestone layer considered for a deep repository.

The Preliminary Safety Report (OPG 2011b, Section
8.6.4) presents the results of the assessment of the
release and movement of radionuclides from the DGR
under the normal evolution scenario.

The distribution coefficients (KD) for radionuclides in
geologic media along transport pathways to the surface
should be assessed.

The Preliminary Safety Report (OPG 2011b, Section
8.6.2.9 and Table 8-6) indicates that the distribution
coefficients were considered in the postclosure safety
assessment. The specific values were assessed as
described in the Postclosure Safety Assessment:
Data report (QUINTESSA and GEOFIRMA 2011,
Appendix D).
NWMO has since conducted further work on this
area. The results are summarized in the response to
Information Request (IR) EIS-04-114 (OPG 2012c).

Characteristics of Biosphere
The near-surface and surface environment should be
described in terms of soils, groundwater discharge
areas, surface waters, and terrestrial and aquatic biota.
The potential for bioaccumulation of radionuclides in
Valued Ecosystem Components (VECs) should be
determined, including VECs identified by First Nations
peoples.

The EIS (OPG 2011a, Section 6) provides a summary
description of the existing surface and near-surface
environment. Further detail is provided in (GOLDER
2011a, Section 5; GOLDER 2011b, Section 5;
GOLDER 2011c, Section 5; GOLDER 2011d, Section
5). Potential effects of radionuclides on VECs for all
components of the environment are presented in
AMEC (2011b, Section 8).
As discussed in OPG’s response to IR-EIS-03-47
(OPG 2012b), direct First Nations’ input to the
identification of VECs was not provided.

Baseline data on environmental concentrations of
radionuclides that are present in LLW and ILW should
be determined to identify background.

OPG (2010) provides information on the waste
inventory. Information on the radionuclide
concentration of the waste inventory in the repository
is provided in OPG (2011a, Table 4.5.2-1). AMEC
(2011b, Section 5) presents information on
radionuclide concentrations in the natural
environment. This information is summarized in the
EIS (OPG 2011a, Section 6).
OPG’s response to IR-EIS-03-78-79, and IR-EIS-0381-84, and IR-EIS-03-86-88 (OPG 2012b) provide
additional information on concentrations of
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radionuclides in the vicinity of the Bruce nuclear site.
Long-Term Facility Management
The need for long-term facility management should be
discussed and evaluated for surface versus deep
geologic storage alternatives. This should include
back-up plans or mitigations if effects are significantly
worse than expected and the type of monitoring that will
be appropriate long term.

The EIS (OPG 2011a, Section 4.15.2.1) describes
proposed facility controls and monitoring for the life of
the DGR Project, including the longer term. NWMO
(2011a) describes in more detail the monitoring
proposed for the site preparation and construction,
operations and decommissioning phases of the DGR
Project. Monitoring programs which may be
appropriate for surface storage is not presented as it
is not the preferred alternative.
The EIS (OPG 2011a) does not predict any significant
adverse effects of the Project on the environment or
members of the public, and monitoring programs, as
discussed above, will be in place to identify any
unanticipated effects. Section 4.8 of the EIS (OPG
2011a) indicates that, while the need is not
anticipated, the waste could be retrieved from the
DGR if necessary.

Analogues
Geologic or other analogues for the behaviour of the
repository and surrounding environment should be
identified, studied and described to improve confidence
in the ability of any facility and surrounding barriers to
inhibit radionuclide movements over long timeframes.

Modelling
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Natural analogues have been considered in three
primary areas: (1) long-term barrier integrity of the
Ordovician shale cap rock; (2) the diffusion-dominated
conditions in the Ordovician formations; and (3) the
long-term stability of shaft seal materials.
The first two are discussed in the Geosynthesis report
(NWMO 2011b), notably Section 2.2.8.2 on the cap
rock integrity, and Section 4.5 on site-specific
analogues for solute migration. Engelder (2011)
provides more detailed information on the cap rock
analogues.
Natural analogue information for the primary
bentonite:sand shaft seal material is discussed in the
Preliminary Safety Report (OPG 2011b, Section
8.6.2.9), and also in the response to IR-EIS-03-64
(OPG 2012b, item (3)).
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The potential transport of radionuclides from a geologic
repository, through the geosphere and in the biosphere,
should be modelled carefully and in a relatively
conservative manner to assess both likely and worst
credible case effects.

The EIS (OPG 2011a, Section 8) provides an
assessment of the potential effects of the project
during the long-term (post-closure) phase. The
postclosure safety is assessed through presentation
of a number of potential future scenarios including
normal evolution and credible disruptive events. The
Postclosure Safety Assessment (QUINTESSA et al.
2011) provides further detail.

It is recommended that a hypothetical First Nations
critical group be included in this analysis, particularly
since the area has supported traditional uses in the
past, and may become more important for such uses
over the longer term.

The primary critical group considered in the
Preliminary Safety Report (OPG 2011b, Section
8.8.2.10) a “site resident” family (OPG 2011b, Section
8.8.2.6). This family is assumed to live on the
repository site, practice a self-sufficient farming
lifestyle, and obtain water from a well that would
intercept any groundwater plume from the repository.
In addition, the safety analysis also considered two
variant groups which maximize their use of the lake
with a high-fish diet. One group was assumed to live
on the repository site and fish the near-shore waters,
while the other lived further away on the lakeshore.
These families obtained all their water from the lake.
The amount of fish consumed was conservatively set
to twice the maximum value given in the survey of fish
consumption by the Chippewas of Nawash
(Thornburn and Berti 2002).
These critical groups, while not explicitly nor solely
First Nations critical groups, are considered to be
reflective a lifestyle that is currently practiced by SON
community members and/or a more traditional
lifestyle.

The effects of credible accidents or malfunctions as well
as climate change should be determined.

The EIS (OPG 2011a, Sections 8 and 9) provide a
summary of the assessment of the effects of credible
accidents and malfunctions.
The Malfunctions, Accidents and Malevolent Acts
Technical Support Document (AMEC NSS 2011a,
Section 4) and the Preliminary Safety Report (OPG
2011b, Section 7) provide further details of the
assessments.
The effects of climate change on the DGR Project are
presented in the EIS (OPG 2011a, Section 7.14).
Consideration of long-term climate change, for
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example glaciations, was also considered in the
Postclosure Safety Assessment (QUINTESSA et al.
2011, Section 7.2.3.11)
Monitoring
The EA should develop a monitoring plan to serve as
an early warning system for any leakage from a facility,
to confirm that the environment will not be adversely
affected by the facility, and that the potential use of the
adjacent land and its resources by First Nations and
other peoples will not be adversely affected.

The EA Follow-up Monitoring Program (NWMO
2011a) describes the monitoring program proposed
for the DGR Project. This program is considered to be
sufficiently robust to confirm that the environment will
not be adversely affected by the facility, and that the
potential use of the adjacent land and its resources by
First Nations and other peoples will not be adversely
affected.

The monitoring plan should be developed in
consultation with First Nations and others, and should
be carried out cooperatively with interested groups.

Copies of draft TSDs (Atmospheric, Aquatic,
Terrestrial, Radiation and Radioactivity and Aboriginal
Interests), provided to SON for review and comment,
included preliminary information on proposed
monitoring programs for the DGR Project. Feedback
on these documents was not provided.

The First Nations might wish to participate directly in
some aspects of environmental monitoring. The EA
should outline the potential for First Nations
involvement in monitoring in a manner that could
provide confidence that their resources are protected.

Please refer to response to previous questions under
the heading “Monitoring”. The involvement of various
stakeholders in monitoring will evolve as the DGR
Project is implemented.

Impact on First Nations
The EA should consider First Nations as a Critical
Group

Please refer to response to Question #2 under the
heading “Modelling”.

The EA should evaluate potential impacts on the
consumption and harvest of traditional foods and the
potential impact on the market for commercial fish or
other resources that support First Nations livelihoods.

The human health assessment (OPG 2011a,
Appendix C, Attachment 1, Section 4.3) includes
members of the nearest Aboriginal communities as
receptors and provides information about the specific
receptor characteristics and exposure assumptions.
Whitefish, which is commercially fished by First
Nations, was included as an indicator in the Radiation
and Radioactivity TSD (AMEC NSS 2011b) and in the
assessment of effects of ecological feature VECs
including Lake Huron (OPG 2011a, Section 7.12).
Refer also to response to following question under the
“Impact on First Nations” heading.
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The EA should discuss the potential for significant
environmental damage associated with all aspects of
facility operation where it might impinge current or
future resources of importance to First Nations

Traditional Use of Lands and Resources is a VEC for
the assessment of effects of the DGR Project. The
EIS (OPG 2011a) and the Aboriginal Interests TSD
(AECOM 2011, Section 8.4) presents the assessment
of effects of the project on this and concludes that no
residual adverse effects, significant or otherwise, are
likely.

The EA should discuss any opportunities for economic
development by First Nations people arising from the
proposed undertaking.

The Aboriginal Interests TSD (AECOM 2011, Section
8.2) discusses the effects of the DGR Project on the
VEC Aboriginal Communities, including opportunities
for employment and business.

The EA should directly describe any potential impacts
that would result on traditional uses of lands
immediately near the site over the long term.

Please refer to the response to the second and third
recommendations under the heading “Impact on First
Nations”.

The EA should address how or whether each
alternative might impact on land claims and treaty
rights, the probability of significant contamination and
how any impacts would be mitigated

The Aboriginal Interests TSD (AECOM 2011, Section
4.1.1.2) summarized publicly available information on
SON land claims. OPG is not aware of any land
claims which would directly impact the DGR project
site.
The EIS (OPG 2011a) predicts that there will be no
releases of contaminants from the DGR Project that
would adversely affect the environment.

The EA should describe any means by which First
Nations might participate meaningfully in long term
monitoring or facility management

The EIS (OPG 2011a, Section 2.11) describes the
communications program following submission of the
EIS and beyond. This discussion includes a
commitment to continue to support the agreement
signed with SON. The involvement of various
stakeholders in monitoring will evolve as the DGR
Project is implemented.

Broader Societal Issues
The EA should discuss and evaluate means of reducing
the amounts of LLW and ILW over the long term

The EIS (OPG 2011a, Section 3.4.1) describes
radioactive waste reduction programs at OPG and
Bruce Power nuclear stations.

The EA should provide assurances that the costs of
long term management are sustainable and will not lead
to a substantial new financial burden on Ontario
residents.

As discussed in the EIS (OPG 2011a, Section 1.2.5)
there is an existing segregated fund established by
OPG which has been accumulating funds as part of
electricity rates and which will be used to pay the cost
of the DGR Project.
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The EA should demonstrate the need for a new facility
through demand-supply projections

The need for the DGR Project is described in the EIS
(OPG 2011a, Section 3.2)

Table 2: Questions on the Engineering, Safety Assessment and Geoscientific Studies
Answers/ Guide to Where Subject Matter Is
Addressed in the EIS

Questions
General
Were any other sites assessed for the DGR?

Table 3.4.2-1 (OPG 2011a) of the EIS discusses the
comparison of siting alternatives on and off the Bruce
nuclear site.

Who decides whether this is an appropriate site?
Should it be the CNSC?

The proponent, OPG, proposed the project, including
the site. There is a rigourous regulatory approvals
project which must be completed prior to the regulator
deciding whether a licence can be issued and the
project proceeds.

Is decommissioning waste being emplaced in the DGR?

The DGR Project is for operational waste, as
discussed in the EIS (OPG 2011a, Section 4.5).

What was the question that was asked in the
community poll?

OPG (2011a, Section 2.2.1.5) includes information,
including the community poll question.

Engineering
Will the rooms be backfilled?

The emplacement rooms will not be backfilled. The
EIS (OPG 2011a, Section 4.8.3.1) describes room
closure.

What led to the change from the chevron design to the
current rectangular design?

The design of the repository changed based on
further design considerations and input from technical
reviewers. The primary reason for the change was
that the chevron design provided fewer opportunities
for egress and it resulted in greater risk of rock
instability because the rooms were not aligned with
the principle stress direction. OPG 2011a (Table
3.4.5-2) provides a comparison on several layouts of
the emplacement rooms.

Will there be rock spall?

The ground support design will incorporate rock bolts
and welded-wire mesh and/or shotcrete to prevent
spalled or “loose rock” from falling from the tunnel roof
(refer to IR response EIS-05-187).
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Geoscience
Is phase 2 of the geoscientific site studies documented?

All geoscientific studies conducted as part of the DGR
site characterization program, including Phase 2 are
summarized in the Descriptive Geosphere Site Model
(INTERA 2011) and Geosynthesis (NWMO 2011b).

The seismic hazard report – is it available?

A Senior Seismic Hazard Advisor Committee Level II
Probabilistic Seismic Hazard Assessment (AMEC
GEOMATRIX 2011) was performed for the DGR site.

How much was outcrop of the rock units looked at in the
geosynthesis?

The Devonian outcrop is described in the
Geosynthesis (NWMO 2011b, Section 2.3.9). A more
detailed discussion is provided in Cruden (2011).

Is the composition of the Precambrian and the
Ordovician the same?

No. A summary description of the composition of the
Precambrian and the Ordovician formations is
provided in OPG (2011a, Section 6.2.6.2). Further
detail is provided in INTERA (2011, Section 3.7).

Did we compare the site to Yucca Mountain and the
Waste Isolation Pilot Plant sites?

The Bruce nuclear site was not compared with either
the Yucca Mountain or Waste Isolation Pilot Plant
given their dissimilar geologic settings and conditions.
The Geosynthesis (NWMO 2011b, Section 7)
provides a comparison of the DGR site geoscience
attributes to the Callovo-Oxfordian (France) and
Opalinus (Switzerland) clay rich bedrock formation
considered for long-term radioactive waste
management.

Did you look for evidence of glacial rebound activity?

The Neotechtonic Features and Landforms
Assessment (Slatterly 2011) discusses glacial
isostatic adjustment in detail. A summary is provided
in the Geosynthesis (NWMO 2011b, Section 2.2.7.3
and 6.2.2.1).

There did not appear to be evidence of effort to align
the seismic data with recent information. Was this
done?

A Probabilistic Seismic Hazard Assessment was
performed for the DGR site by AMEC GEOMATRIX
(2011). The regional seismic database and currency
are described in AMEC GEOMATRIX (2011, Section
2.5)

What issues have the Geoscience Review Group
raised?

The annual reports prepared by the Geoscience
Review Group, as well as reports of other technical
review groups, were provided to the Joint Review
Panel as attachments to the response to IR Package
#1 (OPG 2012a).
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Will phase 2 geoscience reports be available for review
prior to submission?

The Phase 2 reports were issued as part of the
submission or coincident with the submission.

Safety Assessment
The safety assessment work appears to be primarily
deterministic; was probabilistic work done as well?

The work is primarily deterministic; probabilistic work
is not required in Canada. Probabilistic analysis was
done to determine the sensitivity of the results to
radionuclide release and transport parameters for the
Normal Evolution Scenario (OPG 2011b, Section
8.8.4).

Regarding the overpressure situation; what will happen
when it is exposed to the atmosphere? Will it result in a
change to the boundary condition when the facility
begins operation?

The Geosynthesis (NWMO 2011b, Section 5.4.7.4)
presents a discussion of the time required, between 1
and 3 Ma, to reach equilibrium between the over- and
under-pressure.
The postclosure safety assessment models included
the current measured over- and under-pressures as
initial conditions in the Normal Evolution Reference
Case and related variant cases. The models also
included a 60-year period of atmospheric pressure
before the shaft seals were emplaced and the
repository closed. More details on the models and
results are presented in the Postclosure Safety
Assessment: Gas Modelling report (GEOFIRMA and
QUINTESSA 2011).

Are there specific criteria that the safety assessment
tries to meet?

The safety assessment criteria are described in the
Preliminary Safety Report. The preclosure safety
assessment criteria are given in Section 7.1, and the
postclosure safety assessment criteria are given in
Section 8.1, of OPG (2011b).

How were the probabilities for human intrusion
assigned?

Specific probabilities were not assigned for
inadvertent human intrusion. However, plausibility
arguments were presented that indicated that the
probabilities would be low enough that the overall risk
from human intrusion was low.

Can we provide a reference to where in the
documentation the approach was agreed to by the
CNSC?

The safety assessment followed the guidance of the
CNSC Regulatory Guide G-320: Assessing the Long
Term Safety of Radioactive Waste (CNSC 2006)

There was discussion during the WWMF tour about
studies of tritium migration. Where are these studies
documented?

The Geology Technical Support Document (GOLDER
2011a, Section 5.7.2.2) describes the groundwater
monitoring system in place at the WWMF; the results
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of the tritium monitoring are summarized in the
Radiation and Radioactivity TSD (AMEC NSS 2011b,
Section 5.9). Further information is provided in Sykes
(2012) supporting OPG’s response to IR-EIS-03-57
(OPG 2012d).

Table 3: List of Documents Provided to SON Following October 2010 Workshop
Electronic Files
1.

Presentation to the Municipality of Kincardine: Consultation Methodology and Response Rates. The
Strategic Counsel. February 16, 2005.

2.

2D Seismic Survey of the Bruce Site. Intera Engineering Ltd. February 2009.

3.

Kenneth R, S. Sterling, S. Gaines A. Wigston, and R. Frizzell. Regional and site geological frameworks –
proposed Deep Geologic Repository, Bruce County, Ontario.

4.

Yan X., L. Cavé, D. Loomer & T. Al. Diffusive anisotropy in low-permeability Ordovician sedimentary
rocks from the Michigan basin in southwest Ontario.

5.

Avis J., R. Roberts, D. Chace, N. Toll, R. Beauheim. Hydraulic testing to characterize low permeability
sedimentary formations – proposed Deep Geologic Repository, Tiverton, Ontario.

6.

Sykes J.F., S. D. Normani, Y. Yin, E.A. Sykes and M. Jensen. Hydrogeologic modelling in support of a
proposed Deep Geologic Repository in Canada for low and intermediate level radioactive waste.

7.

Jensen M., T. Lam, D. Luhowy, J. McLay, B. Semec and R. Frizzell. Ontario Power Generation’s
Proposed L&ILW Deep Geologic Repository: An Overview of Geoscientific Studies.

8.

Background: Deep Geologic Repository Project, Presentation to SON, October 6, 2010.

9.

Preliminary Design for OPG’s DGR for L&ILW, Presentation to SON, October 6, 2010.

10.

An Overview of Geoscientific Studies, Presentation to SON, October 6, 2010.

11.

Safety Assessment Overview, Presentation to SON, 6 October 2010.

Paper Copies
1.

2D Seismic Survey of the Bruce Site. Intera Engineering Ltd. February 2009.

2.

Presentation to the Municipality of Kincardine: Consultation Methodology and Response Rates. The
Strategic Counsel. February 16, 2005.

3.

Kenneth R, S. Sterling, S. Gaines A. Wigston, and R. Frizzell. Regional and site geological frameworks –
proposed Deep Geologic Repository, Bruce County, Ontario.

4.

Yan X., L. Cavé, D. Loomer & T. Al. Diffusive anisotropy in low-permeability Ordovician sedimentary
rocks from the Michigan basin in southwest Ontario.
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5.

Avis J., R. Roberts, D. Chace, N. Toll, R. Beauheim. Hydraulic testing to characterize low permeability
sedimentary formations – proposed Deep Geologic Repository, Tiverton, Ontario.

6.

Sykes J.F., S. D. Normani, Y. Yin, E.A. Sykes and M. Jensen. Hydrogeologic modelling in support of a
proposed Deep Geologic Repository in Canada for low and intermediate level radioactive waste.

7.

Jensen M., T. Lam, D. Luhowy, J. McLay, B. Semec and R. Frizzell. Ontario Power Generation’s
Proposed L&ILW Deep Geologic Repository: An Overview of Geoscientific Studies.

8.

OPG’s Deep Geologic Repository Project, Communications and Consultation Report, Community Open
Houses, October 2007. Gartner Lee Ltd. January 2008.

9.

OPG’s Deep Geologic Repository Project, Communications and Consultation Report, Community Open
Houses, December 2008. AECOM Canada Ltd.

10.

OPG’s Deep Geologic Repository Project, Communications and Consultation Report, Community Open
Houses, November 2009. AECOM Canada Ltd. December 2009.

11.

Well Licences 11582, 11583, 11811, 11812, 11926, and 11942
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AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix Inc. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-20 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
AMEC NSS. 2011a. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS
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www.nwmo.ca/dgrgeoscientificsitecharacterization)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering
Ltd. and Quintessa Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
GOLDER. 2004. Final Report on Independent Assessment of Long-term management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report for the
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GOLDER. 2011a. Geology Technical Support Document. Golder Associates Ltd. report to the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada.
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GOLDER. 2011c. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
GOLDER. 2011d. Aquatic Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011a. DGR EA Follow-up Monitoring Program. Nuclear Waste Management document NWMO DGRTR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011b. Geosynthesis. Nuclear Waste Management report NWMO DGR-TR-2011-11 R000. Toronto,
Canada. (CEAA Registry Doc# 300)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation report 00216-REP-03902-00003 R003. Toronto, Canada. (CEAA Registry Doc#
300)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
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OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
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Information Request:
Provide documentation of input received from the MNO and the Historic Saugeen Métis Community (HSMC) in
the preparation of the EIS, including the evaluation of potential effects, their significance, and the effectiveness
of proposed mitigation and follow-up and monitoring.
Context:
It is apparent from Table 2.3.4-1 that the MNO and HSMC were primarily involved after much of the preparation
of the EIS was complete. Given the statements quoted above from the EIS Guidelines regarding incorporation of
Traditional Knowledge, how was input from the MNO and HSMC considered (if at all) in the EIS.
OPG Response:
Discussions with the Saugingue Métis (now Historic Saugeen Métis Community [HSMC]) and the Métis Nation of
Ontario (MNO) began in 2008, as indicated in Environmental Impact Statement (OPG 2011, Table 2.3.4-1), prior
to completion of field studies, the issuing by the CNSC and CEAA of the final guidelines for the Project and
before the preliminary assessment of effects began. Engagement with MNO and HSMC is continuing.
While OPG’s response to Information Request EIS-03-47 (OPG 2012) is specific to Aboriginal input on Valued
Ecosystem Components (VECs), it provides information on opportunities provided for the MNO and HSMC to
review and comment on the evaluation of potential effects, their significance and the effectiveness of proposed
mitigation and follow-up monitoring. Specifically, OPG provided the following opportunities:






Copies of draft Technical Support Documents (Aquatic Environment, Terrestrial Environment, Hydrology
and Surface Water Quality, and Radiation and Radioactivity, Malfunctions, Accidents and Malevolent
Acts, Atmospheric Environment and Aboriginal Interests) were provided to MNO and HSMC in the
summer and fall of 2010 with a request for review and comment.
Preliminary results of geoscientific, safety assessment and environmental assessment studies for the
DGR Project, were presented to representatives of the MNO and the Georgian Bay Communities in a
workshop held in May 2010.
Preliminary result of geosciences, safety assessment and environmental studies for the DGR Project,
were presented to the HSMC in a workshop held in September 2010.
HSMC provided verbal feedback on the Aboriginal Interests Technical Support Document in a November
2010 meeting.

No written feedback was provided by HSMC or MNO on the draft documents or the information presented at the
May and September (2010) workshops.
References:
OPG. 2005. OPG Letter, K.E. Nash to B. Howden, “Intent to Construct a Geologic Repository for Low and
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Intermediate Level Waste”, CD# 00216-CORR-00531-00001, December 2, 2005. (CEAA Registry Doc #191)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste -Environmental
Impact Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc
#298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson. Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry #608)

EIS-05-205

 Section 2.2,
Public
Participation
and Aboriginal
Engagement
 Section 6.3,
Stakeholders

Information Request:
Clarify whether the DGR Community Consultation Advisory Group has provided input regarding its objectives;
i.e. “...discuss emerging issues related to community interests and concerns and to advise on community
consultation activities during the regulatory approvals process.”
Context:
The list of Top Ten issues raised in written comments (Table 2.9.3-1) includes “public consultation in the
approvals process”. Records of discussions by the DGR Community Consultation Advisory Group related to this
issue must be provided.
OPG Response:
Since its inaugural meeting in 2005, the DGR Community Consultation Advisory Group (CCAG) has been
meeting on a frequency of one to three times per year. Official meeting notes are not prepared for these
meetings. However, the Environmental Impact Statement (OPG 2011, Appendix D13) does include one of the
meeting participant’s personal notes associated with a special meeting of the CCAG attended by Dr. Binder,
President of the Canadian Nuclear Safety Commission.
As part of its mandate, the CCAG is briefed and engaged on technical, regulatory and community developments
relating to the L&ILW DGR Project, discusses emerging issues related to community interests and concerns,
and advises on community consultation activities during the regulatory approvals process. Typical DGR-related
subjects presented and/or discussed at CCAG meetings include:





Ongoing briefings on geology, safety assessment, environmental assessment, engineering, regulatory,
and community engagement aspects of the project.
DGR communication plans and activities. These include the planning and implementation of open
houses, mobile DGR exhibit at community events, key stakeholder and NGO briefings, advertising,
website, newsletters and speaking engagements.
The results of community surveys conducted in Bruce County.
The need to distinguish between Ontario Power Generation’s Deep Geologic Repository (DGR) Project
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for the long-term management of Low & Intermediate Level Waste; and the Nuclear Waste Management
Organization’s Adaptive Phased Management (APM) project for the long-term management of used fuel,
to avoid confusion in the community.
The April 2011 submission package to the Joint Review Panel, and independent peer reviews initiated
by Kincardine and Bruce County.
The November 2011 visit for members of the CCAG to the Waste Isolation Pilot Plant (WIPP) in New
Mexico, allowing a dialogue between Bruce County representatives and local politicians in New Mexico.

In summary, the CCAG has provided input to the DGR Project related to its objectives.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
EIS-05-206

 Section 2.2,
Public
Participation
and Aboriginal
Engagement

Information Request:

 Section 6.3,
Stakeholders

The description of the responses to the Top 10 Issues provided on page 2-93 of the EIS is cursory and
incomplete and does not provide cross-references to specific sections in the EIS where the issues were
addressed, and how they were addressed.

Provide a thorough and complete cross-reference between the Top 10 Issues listed in Table 2.9.3-1 and the
responses and actions taken by OPG to address these issues in the EIS.
Context:

OPG Response:
Table 2.9.3-1 in the Environmental Impact Statement (EIS) (OPG 2011a) provides the top ten general issues
that were noted during two different periods of time. From 2002 to 2005, the Independent Assessment Study of
options for the long-term management of L&ILW was undertaken. The time period of 2006-2010 includes issues
raised following the initiation of the environmental assessment (EA) process for the DGR Project. For
consistency, this response is divided into the same time frames, although some of the top issues (e.g., health
and safety risk of radiation and radioactivity) remained the same throughout the engagement period.
Table 1 provides the relevant cross-references to the EIS and related documentation, where applicable, for the
top 10 issues raised from 2002-2005. Table 2 provides cross-references for the 2006-2010 top 10 issues.

772

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Table 1: Correlation of Top Ten Issues 2002 to 2005 to Related Information in the EIS Submission
Issue

General Context

Request for
information

Some individuals and
groups expressed
interest in receiving
additional information
about options for the
long-term
management of
L&ILW.

Section 2.2.1 and
Appendix D2

The means and materials used to provide information
to the public and interested stakeholders are
discussed.

Appendix D14

A sample Communications Tracking Form is
provided.

Members of the
public and Aboriginal
Community members
sought information
on health effects that
could result from
exposure to
radioactivity,
including very low
doses.

Appendix D6

OPG distributed “Keeping You Informed about the
Deep Geologic Repository Project Proposal” by mail
drop to residents in Kincardine and the neighbouring
municipalities. This booklet (several versions
provided in the EIS [OPG 2011a, Appendix D6])
provided background information about radiation
safety. It was also available at Open Houses and
community events.
Refer to the “Health and safety risk from accidents
and malfunctions” issue summary in this table for
information on where and how this aspect of overall
health and safety risk of radiation and radioactivity is
discussed in the EIS.

Section 6.6.10

Provides existing radiation dose to the members of
the public.

Section 6.6.11

Provides existing radiation dose for workers at the
Bruce nuclear site, including Nuclear Energy Workers
(NEWs) and non-NEWs.

Section 7.6

Assesses the radiation and radioactivity-related
effects of the DGR Project on humans and nonhuman biota.

Section 6.11

Outlines baseline used for the Human Health
assessment. To evaluate human health in
accordance with the World Health Organization
(WHO) definition (WHO 1948), physical determinants
including exposure to radiation, socio-economic
determinants, cultural determinants and emotional

Health and
safety risk of
radiation
and
radioactivity
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determinants were all characterized, and used as
indicators. These individual indicators were combined
to produce a description of “overall health” that
encompasses a more holistic approach for
considering the potential DGR Project-related effects
on human health.
Section 7.11 and
Appendix C

The assessment of DGR Project-related effects on
human health is described.

Opposed to
DGR Project

Some people
expressed concern
over the selection of
the “deep rock vault”
option for the longterm management.
Some individuals feel
that the technology is
unproven, and the
risks of
contamination are
too great to proceed
with the construction
and operation of a
DGR. Some
members of the
public and NGOs
advocated for
surface storage
and/or enhanced
processing options
for waste
management.

Section 3

The need for the DGR Project derives from the fact
that L&ILW consists of materials that can remain
hazardous for hundreds, and is some cases, many
thousands of years due the presence of long-lived
radionuclides. These long timeframes require that a
solution be found that protects humans and the
environment, that is passive, and that does not
require long-term institutional control. For long-lived
radionuclides, deep geologic disposal in suitable rock
formations is the solution consistent with international
guidance and practice.
The need for the DGR Project is further demonstrated
by OPG’s regulatory responsibility, a host community
interested in implementing a long-term management
solution now, and an existing and forecasted waste
inventory requiring management.

Content or
sources of
waste to be
placed in the
DGR

Members of the
public, NGOs and
Aboriginal community
members expressed
an interest in
knowing whether
used fuel would be
stored in the DGR.
People were

Table 2.6.1-1

Presents information regarding waste from producers
other than OPG.

Section 3.1

Identifies the sources of the waste to be emplaced in
the DGR.

Section 4.5

Includes information on waste inventories, and the
physical, radiological and chemical characteristics of
the wastes. This section also describes the
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interested in knowing
the specific amounts
of radioactivity in the
wastes, and the
differences between
low and intermediate
level waste.

classification of the wastes to be accepted (i.e., solid
low-level and solid intermediate-level) consistent with
CSA N292.3 (CSA 2008).
Appendix D3

The DGR Hosting Agreement includes information on
the wastes to be placed in the DGR.

Public
consultation
in the
approvals
process

Some individuals and
groups wished to
know what role they
would play through
the study process.
The issue around
how communities
outside of Kincardine
could be involved
and benefit from the
project was raised.

Section 2.2.1

Overview information on the many communication
approaches employed to engage stakeholders and
the general public in the period from 2002 to 2005 is
provided.

General
health risks

Concerns were
expressed about the
proximity of the DGR
to Lake Huron, and
the possibility for
surface water and
groundwater
resources to be
contaminated if the
DGR “leaked”.

Appendix C and
Section 7.11

The potential for the DGR Project to affect general
health and safety is examined in the Human Health
Assessment. The assessment considers the potential
health and safety risks of the DGR Project for
members of the public, seasonal users, members of
Aboriginal communities, and project workers. This
assessment addresses health effects from normal
operations only.
Additional details of the potential health and safety
risks from a radiation and radioactivity perspective are
addressed as a separate “top 10 issue” in this table.
Similarly, the health and safety risk from accidents
and malfunctions is also addressed a separate “top
10 issue” in this table. Refer to these issues for
further details.

Section 8

Effects of accidents or upset conditions are
presented.

Section 9

Long-term health and safety risks (i.e., those that
have the potential to occur during the abandonment
and long-term performance phase of the project) are
presented.
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General
comments
about the
EA process

The geology
of the site

Health and
safety risk
from
accidents
and
malfunctions

Individuals sought
information on how
the overall EA
process would
proceed, including
timelines as well as
the role of
government
agencies, the public,
and NGOs in the
decision-making
process,

Sections 1.4 and
1.6

The EA process is described.

Section 7.1

The general assessment method used in the DGR
Project is explained.

Section 12

Discusses the importance of EA follow-up monitoring
in the overall EA process and outlines the
environmental monitoring framework that has been
developed for the DGR Project.

Appendix D7

DGR Project Newsletters, several of which provide
specific information on the overall EA process and
describe how the public can obtain more information
and participate in the review process, were distributed
by Canada Post mail drop. The newsletters are
provided in the Appendix.

A common issue
raised during
engagement was the
suitability of the
geology at the Bruce
nuclear site to host a
DGR. Community
members frequently
requested
information on
seismic hazards that
could affect the DGR.

INTERA (2011)

This report presents the Descriptive Geosphere Site
Model (DGSM) (INTERA 2011), developed based on
the results of a three-phase geoscientific investigation
of the Bruce nuclear site.

Section 6.2

Provides a summary description of the existing
geological conditions at the Regional, Local, and Site
Study Area scales.

People sought
assurances that a
wide range of
accident scenarios,
including terrorist
activities, were
considered.
Concerns around the
long-term nature of
the project were
raised, and that “out
of sight, out of mind”
could result in
unforeseen accidents

Section 8

Describes the malfunctions, accidents and malevolent
acts that could be associated with the site preparation
and construction, operations, and decommissioning
phases of the DGR Project. Radiological accidents
are assessed in Section 8.2. Non-radiological
accidents, including consideration of worker safety,
are assessed in Section 8.3. The section includes a
description of the assessment method and the
identification of initiating events. It considers the
effects on humans and non-human biota.

Section 9
AMEC NSS (2011)
OPG (2011b)

Describes the postclosure safety of the repository
through the quantitative assessment of a range of
potential future scenarios. Section 9.2.2, specifically,
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hundreds or
thousands of years
into the future.

General
safety risks

describes these disruptive “what if” scenarios
including:
1. Human Intrusion
2. Severe Shaft Seal Failure
3. Poorly Sealed Borehole
4. Vertical Fault
Includes an assessment of potential health and safety
risks associated with low-probability events leading to
degradation and loss of containment.

Refer to “General health risks” in this table, as health and safety are discussed collectively in the
EIS.

Note: * Unless stated otherwise, references are to OPG (2011a).

Table 2: Correlation of Top Ten Issues 2006 to 2010 to Related Information in the EIS Submission
Issue
Public
consultation
in the
approvals
process

General
comments
about the EA
process
Consideration
of alternatives
to the DGR in

General Context
Some individuals
and groups wished
to know what role
they would play
throughout the study
process. People
expressed the desire
to be informed when
specific
opportunities to
provide input to the
EA would be
available.

Reference *

Additional Information

Section 2.2.2

Provides a description of the public consultation
undertaken for the DGR Project from 2005 to 2010.
A variety of activities was used to provide a broad
range of opportunities for stakeholders and the
general public to obtain information, ask questions,
provide comments and input to the EA for the DGR
Project.

Appendix D4

Provides copies of Open House reports.

Section 3.3

Describes the alternatives to the DGR Project that
were considered.

Section 3.2.4

The Municipality of Kincardine’s decision to pursue

Refer to Table 1

Some people
expressed concern
that the DGR option
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the approvals
process

technology is
unproven, and the
risks of
contamination are
too great to
undertake the
project. A common
concern was the
proximity of the DGR
to Lake Huron.
Some members of
the public and NGOs
advocated for
surface storage
and/or enhanced
processing options
for waste
management.

Health and
safety risk of
radiation and
radioactivity

Refer to Table 1

Content or
sources of
waste to be
placed in the
DGR

Refer to Table 1

General
comments
about
transportation
of waste

Some members of
the public, Aboriginal
community members
and NGOs felt that
the scope of the
DGR Project should
be expanded to
include potential
effects associated
with transporting
waste from the
Pickering and
Darlington nuclear
generating stations
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the deep geologic repository option for the long-term
management of low and intermediate level waste
(L&ILW) is explained.
Section 3.2.5

The reasons that OPG decided to support
Kincardine’s decision is explained.

GOLDER (2004)

The study of alternatives to the DGR Project was
conducted as part of the Independent Assessment
Study (GOLDER 2004) from 2003 to 2004.

Appendix D6

OPG distributed “Keeping You Informed about the
Deep Geologic Repository Project Proposal” by mail
drop to residents in Kincardine and the neighbouring
municipalities. It was also available at Open Houses
and community events. This booklet (several
versions provided in the EIS [OPG 2011a, Appendix
D6]) provided information about waste
transportation).

Appendix D7

Information about the ongoing operations at the
Western Waste Management Facility, including
transportation of waste were available to attendees at
OPG Houses and community events.

Table 2.6.1-1

Acknowledges that the consideration of
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to the Bruce nuclear
site.

Study area
for the EA
and
approvals
process.

Questions were
raised about the
spatial boundaries
selected for the
various
environmental
components
assessed. For
example, some
NGO’s stated that
the entire Great
Lakes basin should
be included within
the study areas.

transportation of wastes to the WWMF is beyond the
scope of the DGR Project environmental
assessment.
The DGR Project results in no changes to the
volumes, means, or routes for transportation of
waste. As described in the EIS Guidelines (included
in the EIS as Appendix A), the DGR Project includes
only transfer of waste at the DGR Project site.
Section 4.8.2

Describes the process for transferring waste
packages from the WWMF to the DGR Waste
Package Receiving Building (WPRB).

Section 4.8.3

Describes how waste packages are transferred
underground via the main shaft to the underground
repository. This section includes a summary of the
equipment and handling procedures for the
underground transfer of wastes.

Section 5.1

Section 2.4.2 of each Technical Support Document
provides specific details of the study areas defined
for that particular environmental component.
The EIS Guidelines (included in the EIS as Appendix
A) require that the study areas encompass the
environment that can reasonably be expected to be
affected by the DGR Project, or which may be
relevant to the assessment of cumulative effects.
Specific study areas were defined by boundaries to
encompass all relevant components of the
environment including the people, land, water, air and
other aspects of the natural and human environment.
Four study areas were selected for the assessment
of the DGR Project: the Regional Study Area, Local
Study Area, Site Study Area and Project Area.

General
health and
safety risk

Refer to Table 1

Safety issues
with
transporting
the waste

Refer to “General comments about the transportation of waste” in this table.

Aboriginal

Aboriginal

Section 1.6.3
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involvement
in the EA
process

community members
expressed the
importance of their
involvement in the
EA to ensure that
issues specific to
First Nations and
Métis peoples are
addressed.

is introduced.
Section 2.3

The Aboriginal engagement program is described in
detail, including agreements signed with the Saugeen
Ojibway Nation, Métis Nation of Ontario and the
represented communities in the Georgian Bay
Region and the Historic Saugeen Métis Community
to assist them in participating in the EA process.

Section 6.9

Discusses the existing Aboriginal Interests as they
related to the DGR Project, including the ways in
which Aboriginal peoples were involved in identifying
those issues of most importance to their
communities.

Section 7.9

Provides the assessment of effects of the DGR
Project on the identified Aboriginal interests VECs
and the issues associated with each VEC.

AECOM (2011,
Section 4)

The Aboriginal Interests TSD (AECOM 2011),
particularly Section 4, provides additional detail on
ways in which the interests of Aboriginal peoples
were incorporated into the assessment.

OPG (2012)

OPG’s response to Information Request (IR) EIS-0347 (OPG 2012) outlines opportunities for Aboriginal
communities to provide input to the environmental
assessment process.

IR-EIS-05-203

OPG’s response to IR-EIS-05-203 provides
information on how input from the Saugeen Ojibway
Nation (SON) was addressed in the EIS and
supporting documents.

Note: * Unless stated otherwise, references are to OPG (2011a).

References:
AECOM. 2011. Aboriginal Interests Technical Support Document. AECOM Canada Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-09 R000. Toronto, Canada. (CEAA Registry Doc#
299)
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada.
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(CEAA Registry Doc# 299)
CSA. 2008. Management of Low- and Intermediate-Level Radioactive Waste. CSA N292.3.
GOLDER. 2004. Final Report on Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report for the
Steering Committee Municipality of Kincardine and Ontario Power Generation. Mississauga, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)
WHO (World Health Organization). 1948. Preamble to the Constitution of the World Health Organization as
adopted by the International Health Conference.

EIS-05-207

 Section 8.7,
Malfunctions,
Accidents and
Malevolent Acts
 Section 12,
Accidents,
Malfunctions
and Malevolent
Acts

Information Request:
Clarify the distinctions between end walls for closing repository rooms versus closure walls for sealing the
exhaust ventilation drift versus bulkheads for closing off panels.
Context:
End walls will be placed on the access drift sides or rooms as each is completed in order to restrict entry by
personnel. When groups of rooms are filled, “closure walls (will be) constructed in the access and exhaust
ventilation tunnels to fully isolate this group of rooms … (and) In the very unlikely event that explosive gases
build up behind the closure walls and an explosion occurs, the air blast from the explosion would be contained
by the closure walls.” (p. 4-62) The design of these walls has not been well described in terms of (dimensions,
concrete thicknesses to be used, keying of walls into the rock pillars, use of contact seal grouting materials (as
with shaft concrete bulkheads to be used – all of which provide pressure resistance or bearing capacity in the
case of room-generated pressures.
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OPG Response:
A clarification and reference to supporting information for each of the structures is provided below.
Emplacement Room End Walls
Emplacement room end walls are required to support the operation of the ventilation system, restrict access and
provide radiological shielding. End walls are constructed at the end of each emplacement room adjacent the
return air tunnel during construction and maintained through operations to house the ventilation louver and
provide emergency egress in empty rooms. Once an emplacement room is filled with waste, an end wall
adjacent the access tunnel may be installed to restrict access and provide radiological shielding as required.
Refer to Section 6.3.8.3 of the Preliminary Safety Report (PSR) (OPG 2011).
Closure Walls
Closure walls are constructed in the access and return air tunnels to isolate a group of emplacement rooms
during the operating phase of the DGR. The closure walls are described in Section 6.13 in the PSR with further
information provided in OPG’s response to Information Request EIS-04-150 (OPG 2012a). The conceptual
design is provided in Figure 6-30 (OPG 2011) as a 20 m monolithic concrete structure with contact grouting to
close openings between the rock surface and the concrete. There is no reinforcing or keying of the structure into
the tunnel walls. This is consistent with the dimensioning that was modeled in OPG’s response to Information
Request EIS-04-150.
Shaft Seal Monolith
The shaft seal concrete monolith is required to provide a stable foundation for the overlying shaft seal materials
and support to the shaft station openings. The concrete monolith is described in Section 13.6.2 of the PSR
(OPG 2011). The monolith will not be reinforced or keyed into the tunnel walls and will be mass poured-in-place
over the extent described in Section 13.6.2 and illustrated in Figure 13-1 (OPG 2011).
Further information on the closure walls and shaft seal systems is provided in the July 18th Technical Information
Session written materials (Section 6.0) and slides 74 through 76 of the presentation (OPG 2012b).
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information
Requests”, CD# 00216-CORR-00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
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OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216CORR-00531-00123, July 12, 2012. (CEAA Registry Doc# 363)

EIS-05-208

 Section 10.1
Biophysical
Environment
 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions
 Section 11.5.6,
Human Health

Information Request:
a) Provide information on the distribution of Gross Beta Deposition rates by month in order that the variability
with season and month of the year can be understood. In particular, information on gross beta deposition
during the growing season for crops and gardens is requested.
b) Provide an explanation for why none of the monitoring stations for gross beta deposition are located within
aboriginal lands.
Context:
a) The use of annual average gross beta deposition rates (as presented in Table 5.5.3-1 in the TSD, page 65)
and in Table 6.6.5-3 of the EIS (page 6-140) does not allow interpretation of seasonal or monthly variability.
The ability to evaluate the deposition rates during the growing season is required to increase the
appropriateness of the assessment of radiation dose from this source.
b) Sampling locations presented on Figures 5.5.3-1 and 5.5.3-2 of the TSD do not indicate the presence of any
monitoring stations for radioactive particulates within aboriginal lands. Since the VECs include “Members of
the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and since aboriginal people may have
specific exposure scenarios related to demographics, lifestyle and culture, data for their communities is
required. Without these data, it is not possible to evaluate the appropriateness of the assessment for
members of the general public in terms of whether that assessment encompasses the exposure scenarios
specific to aboriginal individuals.
OPG Response:
a) Seasonal variation in gross beta deposition is not required to evaluate potential exposure in humans and
non-human biota as described below:
i.

The majority of the gross beta deposition, other than tritium and C-14, is not from nuclear
facilities on the Bruce nuclear site, it is from interaction of cosmic radiation and nitrogen, oxygen
and carbon in the atmosphere, global fallout from open-air nuclear weapons testing and nuclear
accidents, naturally occurring radioactive material released from operating coal power plants,
etc. Hence, environmental concentrations of gross beta deposition are not used in dose
calculations for humans and non-human biota.

ii.

Exposure due to gross beta deposition resulting from emissions from nuclear facilities on the
Bruce nuclear site (except tritium and C-14) is captured in the dose calculations through the use
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of modelled concentrations based on measured emissions.
iii.

Exposure to tritium and C-14 due to the consumption of terrestrial food products is captured by
taking samples of food products, analyzing for these radionuclides and using the results in dose
calculations (BRUCE POWER 2010).

b) Please refer to OPG’s response in a) above and response to Information Request EIS-05-216.
Reference:
BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. B-REP03419-00010.
EIS-05-209

 Section 10.1,
Biophysical
Environment
 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions
 Section 11.5.6,
Human Health

Information Request:
a) Provide information on the statistical analysis method that compared carbon-14 concentrations in air in the
Local study area with provincial background; include information on which metrics were used in the analysis
(annual average, monthly averages) and the p value of the analysis (if applicable).
b) Provide information on the locations of the sampling stations in the Local Study Area as listed in Table 5.5.41 of the TSD (page 71).
Context:
a) “Some of these values are higher than those reported at provincial background locations, which averaged
245 Bq/kg-C [223], but not by a statistically significant amount” (EIS, page 6-145). This statement requires
further elaboration in order that there be increased confidence in the conclusion presented.
b) The location of sample sites for carbon-14 is required for evaluation of the extent of coverage within the
Local Study Area, including Aboriginal lands.
OPG Response:
a) Statistical significance was calculated by determining the 95% confidence limits of the mean of the data
given in Table 6.6.5-4 of the Environmental Impact Statement (OPG 2011). These annual average data are
provided in the table below, including calculated means, standard deviations and confidence limits.
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Table 1: 2009 Carbon-14 Activity in Air
Location
Local Study Area
B3
B5
B11
BR1
BR11
BF1
BF14
BDF11
Mean
Standard Deviation
Confidence
Provincial Sites
Lambton
Lakefield
Bancroft
Barrie
Belleville
Picton
Mean
Standard Deviation
Confidence

C-14 Activity in Air
(Bq/kg-C)
223
246
231
244
258
242
258
231
241.6
12.7
8.8
239
232
246
266
242
248
245.5
11.5
9.2

As the confidence intervals overlap (241.6 ± 8.8 vs. 245.5 ± 9.2), there is no statistically significant difference
at the 95% confidence level.
b) The location of all sampling sites is provided with OPG’s response to Information Request (IR) EIS-03-81
(OPG 2012). With respect to location of sampling sites on Aboriginal lands, please refer to OPG’s response
to Information Request (IR) EIS-05-216.
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References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00126-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2012. OPG Letter from A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry# 613)

EIS-05-210

 Section 10.1,
Biophysical
Environment

Information Request:
a) Provide the distribution of tritium and gross beta in surface water within years and compare the
distributions from year-to-year.

 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions

b) Provide an explanation for why other radionuclides were not measured in the sites used for tritium and
gross beta monitoring. Provide any data not reported in the EIS and TSD on other radionuclides at the
sites used for tritium and gross beta monitoring. Include an analysis of the effect of no data on other
radionuclides at the tritium and gross beta monitoring sites on uncertainty of the assessment.
Context:

 Section 11.5.6,
Human Health

a) Information on the distribution of tritium concentrations and gross beta activity within individual years
and among years will provide information useful for evaluation of the appropriateness of the metrics
chosen for input to exposure modelling and the level of conservatism in those metrics.
b) Cesium-137, cesium-134 and potassium-40 were measured in Lake Huron and cobalt-60, cesium-134,
cesium-137, potassium-40, strontium-90, iodine-129, technetium-99 and chlorine-36 were measured in
surface water samples from the railway ditches (TSD, page 81). However, no reported analyses were
conducted on samples taken from the sites used for tritium and gross beta monitoring. The lack of data
on other radionuclides from the tritium and gross beta sampling sites produces an uneven dataset with
higher uncertainty than would have been the case had other radionuclides been analysed on a routine
basis from the standard monitoring sites. An explanation for this situation, and an analysis of the effect
the lack of data on other radionuclides on uncertainty is required for the evaluation of the reliability,
appropriateness and scientific credibility of the assessment.
OPG Response:
a)

Please refer to OPG’s response to Information Request (IR) EIS-05-208 (a) for an explanation of why
variation in gross beta is not required for dose calculation. The following discussion focuses on year-toyear variation of tritium in surface water.
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Annual Variation
BRUCE POWER (2010, Section 2.3.5) notes that the annual average tritium concentrations at all local
water supply plants on Lake Huron have remained relatively stable for the past seven years, have been
well below 100 Bq/L, and a small fraction of the provincial drinking water limit of 7,000 Bq/L. Figure 1
shows the year-to-year variation in Lake Huron tritium concentrations, while Figure 2 compares the
concentration at nearby water supply plants against the provincial average and the provincial drinking
water limit.
A discussion of the seasonal (within year) variations in the tritium levels in Lake Huron will be provided
when data become available.
b)

The samples taken from the sites used for tritium and gross beta monitoring were not analyzed for
cesium-137, cesium-134, potassium-40, strontium-90, iodine-129, technetium-99 and chlorine-36.
However, this does not lead to higher uncertainty in dose estimates. This is because measured
environmental concentrations of these radionuclides were not used to estimate doses to either
representative individuals (humans) or indicator species (non-human biota). Gross beta activity in
samples results largely from naturally occurring radionuclides, such as potassium-40 and beryllium-7.
These are not taken into account when estimating exposure. For example, ENVIRONMENT CANADA
AND HEALTH CANADA (2003) state that:
“To assess the effect of radionuclide releases from nuclear facilities on non-human biota, it is the
chronic exposure to low doses from routine operations that is of interest. All dose estimates from
experimental data and those made in the present report represent incremental doses above natural
background. The radiation doses from potassium-40, a major source of internal and external gamma
radiation, and beryllium-7, which are part of the natural background dose, were not included in the dose
calculations.”
Further, surface water concentrations of such radionuclides as cesium-137, cesium-134 and cobalt-60
are typically below detection limits. Values of less than 1 Bq/L were measured in surface water samples
(BRUCE POWER 2010). Health Canada drinking water guidelines (2009) state that “Compliance with
the guidelines may be inferred if the measurements are less than 0.5 Bq/L for gross alpha activity and
less than 1 Bq/L for gross beta activity”. The radionuclides measured in the railway ditches are beta
emitters. If elevated concentrations of these nuclides were present off-site, this would be indicated by
higher gross beta concentrations.
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Figure 1: Historic Levels of Tritium in Lake Huron (BRUCE POWER 2010)
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Figure 2: Tritium in Drinking Water Trend (BRUCE POWER 2010)

References:
BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. B-REP03419-00010 R000
ENVIRONMENT CANADA and HEALTH CANADA. 2003. Priority Substances List Assessment Report Releases of Radionuclides from Nuclear Facilities (Impact on Non-human Biota).
HEALTH CANADA. 2009. Guidelines for Canadian Drinking Water Quality: Guideline Technical Document –
Radiological Parameters.
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Information Request:
Provide information on the size, geometry, and distribution of Silurian pinnacle reefs in the Project, Site and
Local Study Areas that may be encountered. Evaluate their possible impact on shaft sinking and their influence
on hydraulic properties affecting the shaft seal.
Context:
Reef structures in carbonate rocks are common hydrocarbon exploration targets because of their high porosity
and permeability. Silurian pinnacle reefs are reported in the Regional Study Area and modelling shows the
presence of such structures in the vicinity of the DGR (Geosynthesis TSD Section 5.4.5.1, page 214). Although
the lithologies encountered in the four project drill holes appear to indicate an inter-reef environment, questions
remain whether small reef structures could remain undetected.
OPG Response:
Site-specific investigations indicate that pinnacle reef facies are not present within the DGR footprint (INTERA
2011, Section 3.8.4.1). This absence of pinnacle reef structures suggests that there would be no impact on the
shaft sinking or the hydraulic properties of the shaft seal. Background information supporting this conclusion
includes:


The majority of southern Ontario’s pinnacle reefs occur within the Silurian-aged “pinnacle reef belt”
located primarily in Lambton County and Huron County (AECOM and ITASCA CANADA 2011, Section
8.6.3).
Pinnacle reefs have heights up to 128 m above the regional inter-pinnacle surface (McMurray 1985) and
they originate within the Guelph Formation. In map view, pinnacle reefs can range from 10’s of hectares
up to 120 hectares or approximately 1000 m in maximum diameter (AECOM and ITASCA CANADA
2011, Section 6.5.4).



The closest hydrocarbon occurrences associated with the Silurian reefs are found approximately 50 km
south of the Bruce nuclear site. In 1941, a hydrocarbon exploration borehole located approximately 5
km south of the site, Union Gas Co. – Kincardine #1 (F012102), targeted a pinnacle reef in the Guelph
Formation. Based on publicly available information from the Ontario, Oil, Gas and Salt Library,
Kincardine #1 was a dry hole that was subsequently abandoned.



Borehole DGR-8 was drilled and cored to a depth of 723 m into the Ordovician Kirkfield Formation along
the centerline of the main shaft location for the proposed DGR. Through the potential pinnacle reef
horizon of the Guelph Formation there was no indication of an anomalous thickness (5.45 m in DGR-8),
compared to the rest of the DGR boreholes that would indicate a transition into pinnacle reef facies
(GEOFIRMA 2012, Appendix E, page 112). The uniform thickness of the Guelph Formation in all other
DGR boreholes that transected the Guelph Formation (range between 3.7 m and 5.4 m in DGR-1 to
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DGR-6; INTERA 2011, Table 3.1), and the lack of evidence of deflection in bedding orientation within
the overlying formations in any boreholes, is instead consistent with a laterally continuous, thin, interreefal facies association beneath the entire DGR site.


Reefal facies were not encountered in cores from vertical boreholes, DGR-1/2, DGR-3, DGR-4 and
DGR-8, and given the average footprint area of pinnacle reef structures (stated above), there is a very
low likelihood that an as-of-yet unidentified pinnacle reef is located in the Guelph Formation within or
proximal to the DGR footprint.

References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15
R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
GEOFIRMA. 2012. Geoscientific Characterization of Shaft Investigation Boreholes DGR-7 and DGR-8.
Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2012-01
R000. Toronto, Canada. (CEAA Registry Doc# 697)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
McMurray, M.G. 1985. Geology and Geochemistry of Salina A-1 Carbonate Oil Source-rock Lithofacies (Upper
Silurian), Southwestern Ontario. M.Sc. Thesis, University of Western Ontario. London, Canada.
EIS-05-212

 Section 8.3,
Operation

Information Request:
Provide a description of how the 11 Managers illustrated in Figure 4.14-1 will communicate to ensure that there
is sufficient awareness of issues as they arise, appropriate responses to those issues as per applicable policies
and procedures, documentation of those responses, and follow-up to ensure the effectiveness of the responses.
Provide examples to illustrate the communication system. Include examples from the Health, Safety and
Environment Manager’s area of responsibility.
Context:
Section 8.3 of the EIS Guidelines states “The proponent is also required to provide, or reference, the policies,
programs and procedures that would be followed for the operation of the facility in order to provide some
assurance that the facility could be operated safely and in accordance with the Nuclear Safety and Control Act
and its regulations following construction.”
The Project Quality Plan is described on page 4-89 of the EIS as a plan that would ensure meeting minimum
NWMO requirements, identification of responsibilities for quality assurance and control, specification of auditing
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and corrective actions and maintenance of a register of quality compliance. However, it is not clear how the lines
of communication from the Quality Assurance Manager through to the 10 managers in charge of specific areas
will operate. Nor is it clear how the 10 managers will communicate among each other.
The risks associated with non-communication among managers can be considerable and require identification
and management.
OPG Response:
The Site Preparation and Construction activities will be governed through NWMO’s Design and Construction
Phase Management System (NWMO 2011) and supporting plans and procedures. The project governance is
compliant with CSA N286-05 requirements. Further, roles, responsibilities and communication requirements are
established at all levels of governance. There are several guiding documents that will be in-place for the
construction phase that further define activities at the site including the construction management plan, health
and safety management plan and environment management plan. These, in conjunction with the project quality
plan, establish accountability and communication requirements.
With respect to health, safety and the environment, the DGR Project health and safety management plan and
DGR Project environmental management plan will further describe roles, responsibilities and accountabilities for
the execution of work. These areas would be registered/certified to the CSA Z1000 and ISO 14001 standards,
respectively, and will be externally audited for compliance. Event identification, notification and follow-up
requirements and accountabilities will be detailed in the plans and associated procedures.
In the event of a reportable incident on-site, the requirements for notification, investigation, reporting and followup will be clearly described. Such an event would also be tracked through NWMO’s non-conformance and
corrective action processes and communicated through all levels of the organization.
It should also be noted that the Quality Manager’s role identified in Figure 4.14-1 is a project-specific role.
NWMO’s corporate Performance Assurance group will provide an oversight role to ensure the quality activities at
the project level are consistent with NWMO’s corporate requirements.
The roles identified in Figure 4.14-1 are project specific and will be working closely together on a day-to-day
basis. Regular project meetings will ensure key issues are discussed and progressed.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05.
CSA. 2006. Occupational Health and Safety Management, CAN/CSA-Z1000-06.
ISO 14001. 2004. Environmental Management Systems – Requirements with Guidance for Use, ISO
14001:2004.
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NWMO. 2011. Design and Construction Phase Management System (OPG’s DGR L&ILW). NWMO document
DGR-PD-EN-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-05-213

 Section 8.3,
Operation

Information Request:
Provide information on where Health, Safety and the Environment (HSE) as well as Communications would fit
within the organization chart in Figure 4.14.2-1.
Provide information regarding how HSE and Communications would be integrated across the 10 management
functions arranged across the bottom of the organization chart.
Context:
Operation of the DGR facility in a manner that will “provide some assurance that the facility could be operated
safely and in accordance with the Nuclear Safety and Control Act and its regulations” must include the explicit
inclusion of HSE and Communication functions within the management structure.
OPG Response:
Activities during the operations phase will be governed by OPG’s Nuclear Charter N-CHAR-AS-0002 “Nuclear
Management System” which communicates Chief Nuclear Officer expectations regarding implementation of the
Nuclear Management System. This fulfills requirements of CSA N285 and CSA N286-05 standards. Roles,
responsibilities and communication requirements are established at all levels of governance.
With respect to health and safety or environment and communication, the Nuclear Waste Management program
document W-PROG-WM-0001 further describes roles, responsibilities and accountabilities for the execution of
work across the Nuclear Waste Management Division (i.e. the 10 management functions across the bottom of
the organization chart shown in Figure 4.14.2-1 of the Environmental Impact Statement (OPG 2011). W-PROGES-0001 describes controls for protecting worker health and safety and the environment. Health and Safety and
Environment management systems are further certified to OHSAS 18001 and ISO 14001 respectively and
audited for compliance.
References:
CSA. 2005. Management System Requirements for Nuclear Power Plants, CSA N286-05.
CSA. 2008. General Requirements for Pressure-Retaining Systems and Components in CANDU Nuclear
Power Plants. CSA N285-08.
ISO 14001. 2004. Environmental Management Systems – Requirements with Guidance for Use, ISO
14001:2004.
OHSAS 18001. 2007. Occupational Health and Safety Assessment Series.
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc #298).

EIS-05-214

 Section 8.3,
Operation

Information Request:
Provide information that describes the data quality objectives for the Radiological Environmental Monitoring
Program (REMP) currently in use at the Bruce Nuclear Site.
This information must include:


explicit description of the rationale for spatial and temporal boundaries for the REMP program; and



the interface between the REMP program and management decision-making (in the context of the
Environmental Management System as well as compliance with all regulatory requirements for
emissions); and the tolerable decision error incorporated into the sampling design.

Context:
Operation of the DGR facility in a manner that will “provide some assurance that the facility could be operated
safely and in accordance with the Nuclear Safety and Control Act and its regulations” would include the explicit
identification of data quality objectives for monitoring programs. Therefore, description of the data quality
objectives associated with the current REMP program would provide some assurance that there are existing
procedures in place to be used for the future monitoring program. This information could then be used to support
and expand upon the information provided in the Follow-Up Monitoring TSD which currently does not provide the
explicit data quality objectives information requested.
OPG Response:
Bruce Power’s Bruce A and B Nuclear Generating Stations, OPG’s Western Waste Management Facility
(WWMF) and the proposed DGR Project are located within the Bruce nuclear site. It is not generally possible
within the Site, Local and Regional Study areas to distinguish the source of emissions of radionuclides found in
samples. Consequently, a single report on Radiological Environmental Monitoring Program (REMP) for
emissions within and from the Bruce nuclear site is prepared. The REMP for the Bruce nuclear site is managed
by Bruce Power. Ontario Power Generation (OPG) operates a background radiological monitoring program and
provides this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and
submits the report annually to the Canadian Nuclear Safety Commission (CNSC). Bruce Power establishes the
necessary quality assurance and controls as part of their specified REMP requirements.
The current effluent monitoring program at OPG’s WWMF meets the required elements of the OPG-Nuclear
standard for monitoring of radioactivity in effluents (OPG 2010). The OPG-Nuclear Standard for Monitoring of
Radioactivity in Effluents defines monitoring requirements for both airborne and waterborne effluents. The
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objectives of the OPG-Nuclear Radioactive Effluent Monitoring Program are as follows:


Provide data on quantities and concentrations of radioactive substances released from waterborne and
airborne effluents from OPG nuclear generating stations and nuclear waste facilities.



Demonstrate that the public dose resulting from radioactive effluents is kept as low as reasonably
achievable (ALARA) by comparing the releases to their respective Derived Release Limits (DRLs).



Provide data to evaluate the relationship between quantities of radioactive substances released in
effluents and resultant radiation doses to members of the public from principal pathways of exposure.



Demonstrate that the radioactive releases from the licensed site are properly monitored and controlled.

The results of the WWMF’s effluent monitoring program are also reported quarterly in the WWMF’s Quarterly
Operations Reporting to the Canadian Nuclear Safety Commission (CNSC) as a requirement of its Class 1
Nuclear Facility Licence. This reporting is used for WWMF purposes to demonstrate program conformance to
the DRLs and Action Levels (ALs) of the facility and to demonstrate that radiological releases are ALARA. As
mentioned, the results of the analyzed and verified WWMF airborne and waterborne effluent monitoring program
are reported to Bruce Power for inclusion into the Bruce Power Site Radiological Environmental Monitoring
Program (REMP).
The main objectives of the REMP are to:




Provide data to estimate actual or potential doses to critical groups and populations from the presence of
radiation fields or radioactive materials in the environment as a result of operations on the Bruce nuclear
site.
Provide data to confirm compliance of each facility or source with release guidelines and regulations and
to provide public assurance of compliance.
Provide a check, independent of effluent monitoring, on the effectiveness of containment and effluent
control.

Additional objectives of the REMP are to:




Maintain a database to facilitate the detection of trends;
Verify or refine the predictions of environmental models;
Determine the fate of released radioactive materials to show whether any significant pathway to humans
has been overlooked.

REMP Design Specifications
The Bruce Power licences and the Class I Nuclear Facility Regulations both require operating a REMP. To meet
this requirement, an off-site REMP is in place in the vicinity of the Bruce nuclear site, where the Bruce nuclear
site consists of all licensed facilities on the site including: Bruce A, Bruce B, Central Maintenance and Laundry
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Facility (CMLF), Western Waste Management Facility (WWMF), and Douglas Point Waste Management
Facility. The REMP is interconnected to other programs through the public radiation safety program. The public
radiation safety program consists of four components: Source Control Program, Effluent Control Program,
Effluent Monitoring Program and Environmental Monitoring Program. The public radiation safety program exists
to ensure that public health and the environment are adequately protected and that public radiation dose limits
are not exceeded. Through implementation of the subprograms, sources of radioactivity are identified,
emissions are monitored and controlled and radiological emissions are eliminated or minimized to levels which
are ALARA, social and economic factors taken into account. Operating the REMP (which is part of the
Environmental Monitoring Program) helps provide assurance that the other components of the public radiation
safety program are being maintained adequately.
Program Structure
The Bruce Power REMP satisfies the requirements outlined in CAN/CSA-N288.4 (CSA 2010). The REMP is
based on a thorough knowledge of the facility and the local environment, analysis and sound
professional judgment. It is based on pathways analysis, site specific surveys and actual monitoring experience.
The REMP design includes the sampling or direct measurements in the significant pathways which contribute to
radiation dose to the public. The REMP is designed to monitor the pathways that were identified as making a
significant contribution to radiation dose to the public resulting from facility operation. It involves samples and
measurements taken in appropriate environmental media at appropriate locations, frequencies and sensitivities.
Therefore, the selection of the following is required for the REMP:





Significant radionuclides and pathways;
Environmental media for specific radionuclides to be monitored;
Appropriate locations for monitoring;
Appropriate monitoring frequencies and sensitivities of analysis.

Measurements
It is a CAN/CSA-N288.4 (CSA 2010) requirement for a monitoring program to be focused on the most significant
radionuclides and exposure pathways resulting in dose to humans. An analysis has been performed to
determine the radionuclides that are most likely to be significant and their associated pathways.
The significant pathways that are analyzed for the Bruce Power REMP include:






Air external (immersion)
Air inhalation (inhalation and skin absorption)
Aquatic animals (ingestion)
Sediment external (beach ground shine)
Soil external (soil ground shine)
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Terrestrial animals (ingestion)
Terrestrial plants (ingestion)
Water external (immersion)
Water ingestion

Based on dietary information, the aquatic plants pathway does not contribute to dose to the public; therefore, it is
not explicitly treated in the calculation of dose and is not included in the REMP. The media that are sampled are
based on the radionuclides that aid in reducing uncertainty when running a modeling program.
Certain forms of radionuclides require special samplers and additional steps in handling and analysis.
Depending on the situation, either direct measurements of exposure are made or environmental samples are
gathered and analyzed in the laboratory (through either gross measurements or measurements of individual
radionuclides).
Monitoring Frequencies
The sampling frequencies are based on the following guidelines:
Measurements, generally, are made relatively frequently in the early stages of a monitoring program. As
operating experience is gained, it may be possible to reduce the frequency. The monitoring frequency depends
on the accuracy required and this in turn is dictated by the significance of the dose. The monitoring frequency is
also dictated by the rate and degree of variation in the source. Sources that are relatively constant may require
less frequent monitoring.
The probability of upsets in the source also influences the monitoring frequency. More frequent monitoring is
required when the probability of upsets is greater. The monitoring frequency can be dictated by the half-life of
the radionuclide being measured. When a short-lived radionuclide is being released to the environment in
an intermittent manner, a delay of several half-lives between sampling and analysis may increase the lower limit
of detection in the original sample to an unacceptable level. The frequency of environmental monitoring is reevaluated if effluent monitoring indicates a substantial change in output from the source.
Reporting
The annual report to the CNSC provides the results of the REMP and interpretation of the radiation doses to the
nearby public resulting from operations on the Bruce nuclear site. The annual report complies with Section 6.4.5
of the CNSC S-99 (CNSC 2003).
Quality Assurance
Quality assurance (QA) comprises all of the planned, systematic actions necessary to provide confidence in the
results from the REMP. The QA program meets the requirements of CAN/CSA-N288.4 (CSA 2010). It ensures
that the objectives of the REMP are achieved, operating procedures are followed and the overall quality of the
program is maintained. The Health Physics Laboratory's (HPL) QA program is designed to meet the
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requirements of ISO 17025 (ISO 2005) and CNSC S-106 (CNSC 2006). The HPL is accredited to ISO 17025
(ISO 2005) for the measurement of tritium in water, gross beta in water and gamma emitters in soil and water.
The Canadian Association for Laboratory Accreditation is the accrediting body and performs an assessment of
the laboratory every two years.
All external providers are required to have a QA program that has been certified to meet the requirements of ISO
9001:2000 (ISO 2000) or equivalent. Any external laboratory that is used to analyze REMP samples is required
to be accredited to ISO 17025 (ISO 2005).
Additional information on the quality assurance program, including details on data quality objectives, is provided
in OPG’s response to Information Request EIS-03-78 (OPG 2012).
References:
CNSC. 2003. Regulatory Standard S-99. Reporting Requirements for Operating Nuclear Power Plants
Standard. Canadian Nuclear Safety Commission. Ottawa, Canada.
CNSC. 2006. Regulatory Standard S-106 Rev. 1. Technical and Quality Assurance Requirements for
Dosimetry Services. Canadian Nuclear Safety Commission. Ottawa, Canada.
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills.
CAN/CSA N288.4.
ISO 9001. 2000. Quality Management Systems - Requirements, ISO 9001:2000.
ISO 17025. 2005. General Requirements for the Competence of Testing and Calibration Laboratories.
OPG. 2010. OPG-Nuclear Standard for Monitoring of Radioactivity in Effluents. N-STD-OP-0031.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)

EIS-05-215

 Section 11.4.6,
Radiological
Conditions

Information Request:
Provide information on the relative sensitivity to radiation of the indicator species listed in Table 6.6.2-1 and
discussed in the Radiation and Radioactivity TSD.
Provide justification for the use of the indicators, not only with respect to the degree of exposure, but the
threshold for effects.
Context:
“The VECs were selected to represent different trophic levels, and hence different exposure pathways.” (TSD,
page 29). There is no mention of relative sensitivity of indicator species within the VEC grouping. The scientific
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literature contains references to studies that illustrate substantial differences in sensitivity to radiation, even
within taxonomic families or genera (e.g. for tree species). Therefore, provision of information on the relative
sensitivity of the indicator species used in the assessment is required to evaluate the reliability and
appropriateness of the assessment.
OPG Response:
Use of indicator species is an accepted approach, consistent with recent environmental assessments in Canada
(OPG 2005; OPG 2009) and current International Guidance (ICRP 2008). Degree of exposure of the indicator
species is evaluated in Section 8 of the Radiation and Radioactivity Technical Support Document (AMEC NSS
2011, Appendix C).
The indicator species for the DGR Project were selected on the basis of the following:
1. Consistency with indicator species selected in environmental assessments completed for other projects
on the Bruce nuclear site;
2. Input from public to identify other important species (e.g., game species for First Nations, or fish species
for recreational and commercial fishing);
3. Presence of indicator species in and around the Bruce nuclear site; and
4. Suitability of indicator species to represent different trophic levels and pathways.
Identification of the most radiosensitive species was not considered specifically as a selection criterion.
However, selected Estimated No Effect Values (ENEVs) (AMEC 2011, Table 8.1.1-1) are based on the most
radiosensitive species within the considered classes of non-human biota. This selection of dose criteria for the
most sensitive species is described in various studies, such as Environment Canada and Health Canada Priority
Substances List Assessment Report (2003).
Thus, the use of thresholds for effects based on the most radiosensitive species ensures that the use of
indicators results in a conservative assessment.
References:
AMEC NSS. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Radiation &
Radioactivity Technical Support Document. NWMO DGR-TR-2011-06 R000. (CEAA Registry Doc# 299)
ENVIRONMENT CANADA and HEALTH CANADA. 2003. Priority Substances List Assessment Report:
Releases of Radionuclides from Nuclear Facilities (Impact on Non-human Biota). May.
ICRP. 2008. Environmental Protection – The Concept and Use of Reference Animals and Plants. ICRP
Publication 108. Ann. ICRP 38 (4-6), 2008.
OPG. 2005. Ecological Risk Assessment Technical Support Document for WWMF RWS Project.
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OPG. 2009. Ecological Risk Assessment And Assessment Of Effects On Nonhuman Biota: Technical Support
Document New Nuclear – Darlington. September

EIS-05-216

 Section 11.4.6,
Radiological
Conditions

Information Request:
Provide a more detailed rationale for the statement on page 110 of the Radiation and Radioactivity TSD that
Aboriginal peoples would not be exposed to a higher dose than the critical groups (TSD, Table 5.10-1, page
113).
Include a description of the level of confidence in this statement considering the precautionary principle as well
as the duty to consult with aboriginal people and the requirement to include traditional knowledge.
Context:
Aboriginal peoples are not identified as a specific candidate group in Bruce Power’s REMP program. Their
locations, traditional activities/lifestyle or traditional dietary habits mean they will not be exposed to a higher dose
than those candidate groups identified here. “This is supported by the results of the diet survey of Chippewas of
Nawash First Nation (Neyaashiinigmiing, at Cape Croker ON, on Georgian Bay) as discussed in Section 5.7.3”.
(Radiation and Radioactivity TSD, Footnote 8, page 110).
Details related to the diet survey (Bruce Power 2001 – ref # 50, Radiation and Radioactivity TSD, page 194),
plus information on the level of confidence that air, surface water, soil, sediment, fish, fruits, vegetable and milk
data sufficiently represent conditions on aboriginal lands are required to evaluate the defensibility of the above
statement.
OPG Response:
The two closest First Nations groups in the vicinity of the Bruce nuclear site (Ontario 2011) are the Chippewas of
Nawash Unceded First Nation (80 km northeast on Georgian Bay) and the Chippewas of Saugeen First Nation
(25 km north on Lake Huron). Furthermore, the Historic Saugeen Métis Community is also located at the mouth
of the Saugeen River in Southampton (25 km north on Lake Huron).
A qualitative assessment is provided below to compare potential doses received by a representative individual
within these groups and those received by an adult member of the critical group BF14. This is the most highly
exposed member of the public – an agricultural, non-dairy farm resident located southeast of the Bruce nuclear
site (AMEC NSS 2011, Table 5.10-1 and Figure 5.10-1).
The BF14 adult receives an annual dose of 4.41 Sv. The major contributors, accounting for 96% of the total
effective dose, are:
1. Inhalation of air (0.584 Sv).
800

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
2.
3.
4.
5.

External dose from air (0.264 Sv).
Ingestion of water (0.219 Sv).
Consumption of terrestrial plants (3.16 Sv).
Consumption of fish (0.00323 Sv).

The dose received is dependent on both the environmental concentration of radionuclides and habits of potential
critical groups, including consumption.
1. Inhalation of air: The airborne concentrations of radionuclides at the nearest Aboriginal communities are
lower than at BF14 due to dispersion and dilution over 25 and 80 km, respectively. Using the dilution
factors provided for long-term release in the CSA Standard N288.2 (CSA 1991), it was estimated that
concentrations of radionuclides in air at the nearest Aboriginal community will be one order of magnitude
lower than at BF14. This was estimated conservatively assuming Weather Class F. With a similar air
intake and lower concentration, the expected dose to an Aboriginal adult due to inhalation will be at least
an order of magnitude smaller than for the BF14 adult.
2. External dose from air: Based on concentrations of airborne radionuclides at the nearest Aboriginal
communities being at least one order of magnitude smaller than for the BF14 adult, the external
exposure from air will also be less than for the BF14 adult. It is feasible that the Aboriginal lifestyle
involves more time spent outdoors, but it can’t be more than a factor of 5 higher (100% of time spent
outdoors). Taken in combination with radionuclide concentrations which are 10 times lower, this
assumption would result in external exposure to an Aboriginal adult at least 2 times less than for a BF14
farmer. This includes both air immersion and groundshine.
3. Ingestion of water: The waterborne concentrations of radionuclides at the nearest Aboriginal
communities are expected to be lower than at BF14 due to dispersion and dilution over 25 and 80 km,
respectively. With a similar water intake and lower concentration, the expected dose due to ingestion of
water for an Aboriginal adult will be approximately one order of magnitude less than for the BF14 adult.
4. Consumption of terrestrial plants and animals: There are no data on the consumption of locally grown
terrestrial plants by members of local Aboriginal communities. However, it can be estimated that
radionuclide concentrations in such foodstuffs will be at least an order of magnitude below those at
BF14 due to lower concentrations in air. Therefore consumption rates for locally-grown terrestrial plants
would have to be at least an order of magnitude higher to be comparable to that of the most affected
critical group, the farmer located at BF14. This is not possible because doses to members of the farm
group BF14 were calculated on the basis of the person consuming about 25% of their plant food from
local sources. Thus even if the Aboriginal group consumed 100% plant foods from their local sources,
radionuclide concentrations being at least an order of magnitude less, would result in lower Aboriginal
group doses.
The same considerations would apply to consumption of animal products, with farmers at BF14
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consuming about 25 to 50% meats/eggs/poultry from local sources. If Aboriginal groups raise dairy
cows and drink their milk, and given a similar overall intake of calories, it is not possible for them to get a
higher dose than the BF14 farm group because of the lower background concentrations at their
location. If they do not raise dairy cows, then their dose would be even lower.
5. Consumption of fish: A recent diet survey of the Chippewas of Nawash (Thorburn and Berti 2002) notes
that people who ate the most fish consumed 59 lbs/yr (27 kg/yr), which is about three times the intake of
the adult at BF14. The concentration of tritium in fish caught in Georgian Bay was 4 times lower than
that modelled in the intake of a BF14 adult; the Carbon-14 concentration was slightly higher in Georgian
Bay fish but within 10% of the BF14 adult’s exposure. With tritium contributing most of the effective
dose due to fish ingestion, the expected dose due to ingestion of fish for an aboriginal adult with high
fish consumption will be similar to that of the average BF14 adult. The average consumption of fish
among the Chippewas of Nawash is 8.4 lbs/yr (3.8 kg/yr; Thorburn and Berti 2002), resulting in a lower
dose compared to a BF14 adult.
Therefore, based on the available data, it can be concluded with a high level of confidence that individual doses
to members of Aboriginal peoples are bounded by doses to members of critical groups considered within the
Environmental Impact Statement (EIS) (OPG 2011) in keeping with a precautionary approach. Engagement
activities with Aboriginal communities are discussed in the EIS (OPG 2011, Section 2.3). The incorporation of
Traditional Knowledge in the assessment is discussed in the EIS (OPG 2011, Section 1.6.4).
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
CSA. 1991. Guidelines for Calculating Radiation Doses to Public from a Release of Airborne Radioactive
Material under Hypothetical Accident Conditions in Nuclear Reactors, CSA N288.2-M91. (Reaffirmed 2008).
Ontario. 2011. Ontario First Nations Map. Accessed September 25, 2012 at
http://www.aboriginalaffairs.gov.on.ca/english/about/firstnations_map.asp
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00126-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
Thorburn, M. and P.R. Berti. 2002. The Chippewas of Nawash: Is the community exposed to radioactive
chemicals and other contaminants from eating locally harvested fish? Accessed September 26, 2012 at
http://nawash.ca/docs/communitymanual6.pdf
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Information Request:
Indicate whether the use of closed circuit television monitoring by DGR surface facility operators will be
considered as a procedure for monitoring the safety of underground workers and operational conditions of the
repository during all phases of underground operations.
Context:
In this section of the Safety Report, analysis of conventional safety aspects of all phases of DGR development
and operation have been introduced. In a previous section of the report (Ch. 6.2.4.3, Control and Monitoring
Systems, p. 301) it was stated that the surface DGR facility has a main control room from which an operator can
view the system status of equipment and operations occurring within the surface facilities “through use of closed
circuit video monitors.” This is also common in many underground mines for monitoring passage and status of
backfill transport operations. No inclusion of similar safety monitoring features (closed circuit television,
monitored by surface facility operator of critical underground areas such as fuel storage bays and such) has
been made of any description of underground operations, at any stage of development or operations. The only
communications systems that are described consist primarily of voice communication networks (telephone,
analogue phone, radio and business/process control signal generation).
OPG Response:
As stated in the Preliminary Safety Report (OPG 2011, Section 6.2.4.3), the DGR facility will use closed circuit
video equipment as a means to view and monitor various areas of the facility through the construction and
operation phases. This is a common practice in mining and the DGR communications, and instrumentation and
control systems, have accounted for this media.
Closed circuit cameras will be positioned in key areas including, but not limited to, the following:









main and ventilation shaft stations to provide a view to the shaft,
the loading pocket during construction activities,
the underground staging area in the main access tunnel,
the main underground ventilation fans,
the main underground sump,
the hoist houses to provide a view of the hoist drums and ropes through construction and operations,
the waste package receiving building; and
various site locations during construction to monitor the site.

The use of closed circuit cameras is primarily to provide operational support as opposed to the monitoring of
operator safety. Operators will be trained to complete the tasks that they undertake and will be monitored
through the mechanisms of the Health and Safety Management Plan and associated procedures. Safety
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systems are provided in areas of increased risk (e.g. fire detection and suppression systems with fire rated
doors for the diesel fuel bays as required by the Ontario Mining Regulations). Monitoring of equipment function
(e.g. ventilation system performance, dewatering systems, etc) will be managed through local human-machine
interfaces with status of operation provided to the surface control room.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)

EIS-05-218

 Section 10.2.6,
Human Health

Information Request:
For the Site Neighbour Survey and the Community Well-Being Survey, provide information on the employment
status of respondents or their family members regarding Bruce Power or one of their contractors.
Context:
Anyone surveyed about their attitude towards the Bruce nuclear plant and the siting of a new facility (DGR) may
be considered biased if they, or someone in their family, is employed at the site.
To evaluate this potential source of bias, the Panel requires clarity about the employment status of respondents
regarding Bruce Power or one of their contractors.
OPG Response:
Site Neighbour Survey
The Site Neighbour Survey (AECOM 2011, Attachment C-3) was conducted by AECOM Limited. The
questionnaire did not collect information from respondents on association with the Bruce nuclear site. The
employment status of site neighbours is not a relevant consideration with respect to the issues examined in the
survey.
Community Well-Being Survey (Public Attitude Research)
The Public Attitude Research (PAR) (i.e., the Community Well-Being Survey) (INTELLIPULSE 2010), provided
in response to Information Request (IR) EIS-03-71, included the question:
“Are you or any other member of your immediate household employed by Ontario Power Generation,
Bruce Power or the Atomic Energy of Canada Limited?”
The results are summarized in Table 1.
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Table 1: Member of Household Employed by OPG, Bruce Power or AECL
Local Study Area

Regional Study Area

%

n

%

n

NO

58

229

79

319

YES

42

167

21

85

NOTE: Percentages may not sum to 100% due to rounding.

INTELLIPULSE (2010) notes detailed findings for each question for cases where there were differences in
responses among respondent segments. Respondent segments include:




local and regional study areas;
the five regional study area municipalities; and
respondent characteristics (including length of time living in the community, gender, family profile and
association with OPG, Bruce Power or AECL).

For each question in the telephone survey, the results indicate if significant differences (at the 95% level of
confidence) were found among or between any of these groups. The differences, as found regarding
association with OPG, Bruce Power or AECL, are:








within the Local Study Area (LSA), respondents who are employed in the nuclear industry provide a
higher than average rating on the feeling of personal health and sense of personal safety;
LSA and Regional Study Area (RSA) respondents who are employed in the nuclear industry have a
higher than average participation rate of:
o parks, conservation areas and trails along the waterfront near the Bruce nuclear site;
o beaches along the waterfront near the Bruce nuclear site;
o bird watching or nature viewing activities along the Lake Huron shoreline; and
o fishing or boating on Lake Huron near the Bruce nuclear site;
LSA and RSA respondents who are employed in the nuclear industry have heard more about the
Western Waste Management Facility (WWMF) than the average;
LSA and RSA respondents who are employed in the nuclear industry are more confident in the
technologies used at the WWMF than the average;
LSA and RSA respondents who are employed in the nuclear industry are more confident in the DGR
Project than those not connected with the industry;
RSA respondents who are employed in the nuclear industry are more likely to say “nothing” in response
to “ways to increase confidence in the safety of the DGR”;
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LSA respondents who are employed in the nuclear industry are less likely to anticipate a change in
feelings of personal health or sense of safety as a result of the DGR;
LSA respondents who are employed in the nuclear industry are less likely to anticipate a change in their
commitment to community as a result of the DGR;
LSA respondents who are employed in the nuclear industry are less likely to anticipate a change in the
following activities as a result of the DGR:
o bird watching or nature viewing;
o use and enjoyment of parks, conservation areas and trails;
o use and enjoyment of the beaches;
o fishing or boating activities; and
LSA and RSA respondents who are employed in the nuclear industry provide a higher rating of OPG’s
communications than do those who do not have direct contact with the nuclear industry.

Details on the analytical techniques used can be found in Section 7.4 (Analytic Techniques) of the PAR report
(INTELLIPULSE 2010).
While there are some differences in the likelihood of responses between those that are and those that are not
employed by the nuclear industry, the total responses are reported in the Socio-economic Technical Support
Document (AECOM 2011) to illustrate the overall results. While these differences might be considered as
reflecting a bias in the responses given by those employed in the nuclear industry versus those that are not, the
overall responses reflect the make-up of the community as it exists. Therefore, the survey results are
considered representative of the populations across the LSA and RSA.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc
#299)
INTELLIPULSE. 2010. Ontario Power Generation, Deep Geologic Repository – Public Attitude Research.
Intellipulse Inc. report for AECOM Ltd. (CEAA Registry Doc #611).
EIS-05-219

 Section 10.1.4,
Terrestrial
Environment
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Clarify whether the previous Phase I and II site investigations included soil samples from the proposed DGR
Project site.
Clarify how the Phase I and II data were used (if at all) in the assessment of effects of the DGR Project.
Context:
It is not clear from the text on page 6-13 of the EIS whether previous site investigations included soil samples
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taken from the proposed DGR site. It is also not clear what the relevance of the Phase I and II site investigation
findings are to the assessment of the DGR project; i.e. there are not statements regarding whether the data on
contaminants found in soil was carried forward into the assessment, and if so, how.
OPG Response:
The Phase II Environmental Site Assessment (ESA) (KINECTRICS 2000) identified two potentially contaminated
sites within the proposed DGR Project Area, Sites #1 (Construction Landfill #1), and #2 (Construction Landfill
#2). Sites #28 (Waste Chemical Transfer), and #48 (Spent Solvent Treatment Facility) are near to but outside
the DGR Project site. The location of the four sites is shown on the enclosed figure. None of the potentially
contaminated sites identified in the Phase II ESA are located within the DGR Project site.
KINECTRICS (2000) provides the following information:
At Site #1, test pits were excavated, advanced using an excavator and soil samples analysed by an external
laboratory for Total Petroleum Hydrocarbons (TPH), metals, radionuclides and pH. Eighty five samples were
taken at depths ranging from 0.75 to 25 feet (0.23 to 7.62 m). None of the contaminants of concern (metals,
TPH, radionuclides) was found to exceed the applicable MOE guideline criteria (MOE 1997) (Table B – for
industrial surface soils; Table D – for deeper sub-soils) except for some sporadic occurrences of boron. Site #1
is shown as Site 5 on Figure 5.7.2-1 (GOLDER 2011).
At Site #2, test pits were excavated, advanced using an excavator, and soil samples analysed for TPH, metals,
radionuclides and pH. Fifty-two samples were taken at depths ranging from 0.2 to 25 feet (0.06 to 7.62 m).
None of the metals exceeded the appropriate guideline criteria as per above. Concentrations of TPH were
below the appropriate guideline in all samples. Radionuclide concentrations were below National Council on
Radiation Protection (NCRP) criteria (NCRP 1999).
At Site #28, samples were taken by hand excavation/air vacuum excavator. Samples were taken at 11
locations, typically at depths of 0.3, 0.6 and 1.3 m. Samples were analyzed for TPH, extractable organic
compounds and pH. All TPH results were far below the MOE Guideline criteria (Table B – industrial) used in the
survey.
At Site #48, a backhoe was used to dig test pits, with samples typically taken at 0.15 and 0.9 m and soil samples
analysed for metals and pH, extractable organics, EDTA and radioactivity. All results for metals and organic
compounds were well below the MOE guideline criterion (Table B – for industrial surface soils). No detectable
concentrations of EDTA were found. Tritium was far below the criterion for off-site transport. Site #48 is shown
as Site 3 on Figure 5.7.2-1 (GOLDER 2011).
No further work was recommended at Sites #2 and #28. Further assessment work was recommended at Sites
#1 and 48.
Section 7.2.1.1 of the Environmental Impact Statement (EIS) (OPG 2011) assesses direct interactions of the
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DGR Project with the soil quality Valued Ecosystem Component (VEC). Site preparation, decommissioning,
waste rock management and operation of the stormwater management system are identified as having a direct
interaction with soil quality. Other project works and activities are not expected to interact with soil quality.
Site grading will result in the removal and stockpiling of soil within the DGR Project site, which does not include
the potentially contaminated sites on the DGR Project Area. No measureable change to soil quality is predicted
to result from the site grading activities. Similarly, the activities of decommissioning, waste rock management
and operation of the stormwater management system will not result in measurable changes to soil quality
(GOLDER 2011, Section 7.2).
A summary of the historical ESAs (KINECTRICS 2000 and CH2MHILL 2002) is provided in Section 5.7.2 of the
Geology TSD (GOLDER 2011). Historical soil contamination was not identified on the DGR project site, and
therefore was not carried forward in the assessment. OPG’s response to Information Request (IR) EIS-03-54
(OPG 2012) provides a copy of “OPG’s Deep Geologic Repository Project for Low & Intermediate Level Waste –
Soil Investigation for Proposed Surface Facilities, Kincardine, Ontario” (GOLDER 2012). This report (Section 7)
provides analytical results (Appendix E) for 20 soil samples that were collected at locations on the area
proposed for the DGR Project (GOLDER 2012, Figure 2).
OPG’s response to IR-EIS-05-220 provides information on baseline soil sampling conducted in 2011 as part of
activity B-SQ-1 of the DGR EA Follow-up Monitoring Program (NWMO 2011) to further characterize the soil
quality at the DGR site. Samples collected at 28 locations on the site were analyzed for polyaromatic
hydrocarbon (PAH), hydrocarbon and tritium. The analytical data was compared to the Soil Quality Standards
provided under O. Reg. 153/04 (MOE 2011), in a non-potable groundwater condition for
industrial/commercial/community property uses, for coarse textured soils. The results of the soil sampling
program support the findings of the historical ESAs: there is no evidence of historical contamination above Table
3 criteria (MOE 2011) at the DGR project site.
References:
CH2MHILL. 2002. Phase II Part II Environmental Site Assessment at Eight Sites, Bruce Nuclear Power
Development, Tiverton, Ontario.
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2012. OPG’s Deep Geologic Repository Project for Low & Intermediate Level Waste, Soil
Investigation for Proposed Surface Facilities. Golder Associates Ltd. report 1011170042-REP-G2030-0002.
(CEAA Registry Doc #610)
KINECTRICS. 2000. Bruce Nuclear Environmental Site Assessment Phase II, Part 1. 801-001-RA-0001 R00.
MOE (Ontario Ministry of Environment and Energy). 1997. Guideline for Use at Contaminated Sites in Ontario.
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ISBN 1-7778-6114-3.
MOE (Ontario Ministry of the Environment). 2011. Soil, Ground Water and Sediment Standards for Use under
Part XV.1 of the Environmental Protection Act. PIBS # 7382e01.
NCRP. 1999. Recommended Screening Limits for Contaminated Surface Soil and Review of Factors Relevant
to Site Specific Studies. National Council on Radiation Protection Report No. 129.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document
NWMO DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc #299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry #608)

EIS-05-220

 Section 10.1.4,
Terrestrial
Environment

Information Request:
Provide baseline soil quality data for the areas of the DGR infrastructure and Waste Rock Management Area
(WRMA). Since these areas have been previously disturbed by industrial activity, provide the evidence that no
soil contamination has occurred.
Context:
Soil sampling and analytical data are presented for the footprint of the Bruce Heavy Water Plant and other
contaminated areas near or within the Project Area. To evaluate the impacts of disturbance in the areas of the
DGR infrastructure and WRMA the Panel requires baseline data on soil quality in these areas.
OPG Response:
OPG’s response to Information Request (IR) EIS-03-54 (OPG 2012) provided a copy of “OPG’s Deep Geologic
Repository Project for Low & Intermediate Level Waste – Soil Investigation for Proposed Surface Facilities,
Kincardine, Ontario” (GOLDER 2012). This report (Section 7) provides analytical results (Appendix E) for twenty
soil samples that were collected at locations on the area proposed for the DGR Project (GOLDER 2012,
Figure 2).
GOLDER (2012) compared the analytical results with the Soil Quality Standards provided under O.Reg. 153/04
in the Ministry of Environment (MOE) document “Soil, Ground Water and Sediment Standard for use under Part
XV.1 of the Environmental Protection Act” (MOE 2011), Table 3 Generic Site Condition Standards in a nonpotable groundwater condition for industrial/ commercial/community property uses, for coarse textures soils. No
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soil exceedances of the 2011 MOE Standards for O.Reg. 153/04 metals and inorganics were observed at the
tested locations.
Samples collected at 28 locations on the site were analyzed for polyaromatic hydrocarbon (PAH), hydrocarbon
and tritium. The results are provided in the enclosed memorandum (Lam 2012). Measured results were 1 to 2
orders of magnitude below the Table 3 Standard.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository Project for Low & Intermediate Level Waste, Soil
Investigation for Proposed Surface Facilities. Golder Associates Ltd. report 1011170042-REP-G2030-0002.
(CEAA Registry Doc# 610)
Lam, T. 2012. DGR Project Site – Environmental Soil Sampling and Testing. NWMO Memorandum DGR03400-P. Toronto, Canada. (enclosed)
MOE. 2011. Soil, Ground Water and Sediment Standard for Use under Part XV.1 of the Environmental
Protection Act. Ontario Ministry of Environment.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Requests (IR) Package 3”, CD# 00216CORR-00531-00117, July 9, 2012. (CEAA Registry Doc# 608)

EIS-05-221

 Section 10.2.1,
11.5.1

Information Request:
Provide the number and types of employment currently held by Aboriginal peoples at the Bruce Power Plant and
the Western Waste Management Facility.
What plans are in place to provide opportunity and training for Aboriginal persons during all phases of the DGR
project?
Context:
The effects assessment of the socio-economic impacts of the project frequently refers to employment
opportunities for Aboriginal peoples of the region. This is considered a beneficial impact. Current employment
data and plans for training programs are required to judge the possible magnitude of such a benefit.
OPG Response:
The legal ability to acquire and disseminate employment data relating to Aboriginal peoples is governed by the
federal Employment Equity Act, S.C. 1995, c. 44.
Both OPG and Bruce Power are subject to the Act by virtue of their nuclear undertakings.
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The Act requires an employer to carry out a survey of its workforce and report annually on the percentage of its
workforce that is composed of “designated groups” based on voluntary self-identification by employees.
In s. 3 of the Act, “designated groups” is defined to mean “women, aboriginal peoples, persons with disabilities
and members of visible minorities”.
It is important to note that only those employees who self identify as members of a designated group can be
reported as such by the employer. Furthermore, the information collected by the employer is confidential and
can only be used for the purpose of implementing the employer’s obligations under this Act.
Enclosed is OPG’s 2011 Employment Equity Narrative Report (OPG 2011), which provides information on the
number of people who have identified themselves as Aboriginal people. As set out in the report, Aboriginal
people represented 1.2% of the OPG workforce in 2011. Out of a workforce of 11,395, 137 employees selfidentified as Aboriginals. At pp. 6-7 of the report, there is a description of various initiatives OPG has
implemented to recruit Aboriginal people. These initiatives apply across all aspects of the company rather than
to specific projects.
Every year OPG’s commitment to learning and accessible education is highlighted through its Corporate
Citizenship Program, which offers the following scholarships to members of the designated groups:






University Engineering Award: one annual award per Ontario university to be granted to a member of the
designated groups.
Community College Technician/Technology Award: one annual award per Ontario community college to
be granted to a member of the designated groups.
Negahneewin Incentive Award at Confederation College: five annual awards granted to full-time
students of Native ancestry at Confederation College.
Lakehead University Native Award: five annual awards granted to full-time students of Native ancestry at
Lakehead University.
John Wesley Beaver Award: two annual awards granted to one male and one female of Native ancestry
at an Ontario community college or university.

The OPG Native Circle is a unique forum that supports OPG's aboriginal employees. It promotes cultural
diversity and equity, while recognizing Aboriginal distinctiveness. The mandate of the Native Circle is to provide
advice to OPG on issues pertaining to First Nations communities and to support Aboriginal employees through
networking, forums and programs related to traditional values and practices.
OPG sponsored the 2010 Aboriginal Human Resources Council "Inclusion Works" Conference, to promote
Aboriginal Employment and also piloted a "Powering up Aboriginal Career's in Energy" program to offer students
a 16-week work placement in OPG Nuclear.
OPG has entered into an educational partnership with Building/Construction Trades Unions, to provide Building
Trades Union employment opportunities to Aboriginal peoples. Matching funding for First Nations communities is
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provided through Human Resources Services Development Canada (HRSDC) and the Ontario Ministry of
Training, Colleges, and Universities.
OPG operates the Western Waste Management Facility at the Bruce nuclear site. Out of 153 OPG employees
at that facility, one employee has self identified as an Aboriginal and is in the ‘Skilled Worker/Trades’
employment type.
Bruce Power is a separate company and independent of OPG. Enclosed is Bruce Power’s most recent publicly
available report, entitled 2011 Employment Equity Narrative Report (BRUCE POWER 2011). As set out in the
report, Aboriginal people represented 1.8% of the Bruce Power workforce in 2011. Out of a total workforce of
5730, 103 Bruce Power employees self-identified as Aboriginals.
References:
BRUCE POWER. 2011. 2011 Employment Equity Narrative Report. (enclosed)
OPG. 2011. Ontario Power Generation Inc. 2011 Employment Equity Narrative Report. (enclosed)

EIS-05-222

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Explain how severe rainfall and severe wind can be categorized as having a frequency of < 10-2 per annum in
the Regional Study Area. Provide estimates on the predicted frequency and severity of hurricanes for the project
region for the next 50 years in consideration of climate change.
Context:
As per section 11.4.9 of the guidelines, the assessment must take into account severe weather conditions that
could adversely affect the project.
In Table 8.1-1 (EIS, page 8-3) under Initiating Events 'Severe weather conditions' both Severe Wind and Severe
Rainfall are considered as 'Unlikely' (annual frequency between 10-2 and 10-7). In 1954 Hurricane Hazel struck
southern Ontario and the Toronto region experienced winds up to 110 kilometres per hour and 285 millimetres of
rain in 48 hours.
OPG Response:
The severe rainfall and severe wind events considered within Table 8.1-1 of the Environmental Impact
Statement (EIS) (OPG 2011a) were part of an assessment of preclosure accidents (Section 7.5 of the
Preliminary Safety Report (PSR), OPG 2011b). The relevant events were winds severe enough to cause failure
of DGR structures holding waste packages or rainfall sufficient to cause flooding of these structures. The event
frequencies were categorized as “likely”, “unlikely” or “incredible”. This is a general categorization, which used
10-2/year as an approximate distinction between likely and unlikely.
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The DGR stormwater management system is designed to safely pass a 100-year storm without overtopping of
the embankments (OPG 2011b, Section 6.2.4.8). Furthermore, the shaft collars and underground inlets are
designed to be above the flood level from a Maximum Probable Precipitation event as determined in the
Maximum Flood Hazard Assessment report (AMEC NSS 2011). Therefore the likelihood of rain sufficient to
flood the site beyond the design basis is assessed as “unlikely”.
The DGR surface structures are designed to meet or exceed the National Building Code of Canada
requirements. In particular, the only surface facility that might (temporarily) store waste packages is the Waste
Package Receiving Building (WPRB). This is not expected to fail during the operational lifetime of the DGR.
Once underground, the packages would not be affected by hurricane winds. Therefore, the likelihood of winds
sufficient to cause sufficient damage to this structure to affect waste packages was rated as “unlikely”.
However, the exact event frequency value is not crucial since all events that were identified as likely or unlikely
were evaluated further in the preclosure accident assessment.
Information on the historical frequency of severe storms is provided on the Environment Canada website
(ENVIRONMENT CANADA 2012a). This identifies Hurricane Hazel as the only actual hurricane-strength storm
impacting Ontario within the past 100 years. The Environment Canada website further notes the following with
respect to the future (ENVIRONMENT CANADA 2012b):
The frequency of tropical storms and hurricanes in the Atlantic varies greatly from year to year. In
addition, patterns suggest that hurricane formation is cyclical; with an increase in storm activity for a 25
year period, followed by a decrease in storm activity for 25 years. While there is no evidence of a long
term (greater than 25 year) increase in the number of tropical storms, the data suggests that we are
currently in a more active cycle (since the mid nineties).
The latest Intergovernmental Panel on Climate Change (IPCC) assessment on extreme weather, including
hurricanes is IPCC (2012). Although the previous IPCC AR4 report (IPCC 2007) considered an increase in
hurricane activity as “likely”, the latest assessment states that (IPCC 2012, p.160):
Based on research subsequent to the AR4 and Kunkel et al. (2008), which further elucidated the scope
of uncertainties in the historical tropical cyclone data, the most recent assessment by the World
Meteorological Organization (WMO) Expert Team on Climate Change Impacts on Tropical Cyclones
(Knutson et al., 2010) concluded that it remains uncertain whether past changes in any tropical cyclone
activity (frequency, intensity, rainfall) exceed the variability expected through natural causes, after
accounting for changes over time in observing capabilities. The present assessment regarding observed
trends in tropical cyclone activity is essentially identical to the WMO assessment (Knutson et al., 2010):
there is low confidence that any observed long-term (i.e., 40 years or more) increases in tropical cyclone
activity are robust, after accounting for past changes in observing capabilities.
Therefore, it is concluded that the past hurricane history continues to provide a reasonable estimate of future
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hurricane frequency and severity.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-35 R000. Toronto Canada. (CEAA Registry Doc# 300)
ENVIRONMENT CANADA. 2012a. Weather and Meteorology, Ontario Summary Statistics. (available at
http://www.ec.gc.ca/Hurricane/default.asp?lang=en&n=2C2F109F-1)
ENVIRONMENT CANADA. 2012b. Canadian Hurricane Center, Frequently Asked Questions. (available at
http://www.ec.gc.ca/ouragans-hurricanes/default.asp?lang=En&n=3F0FD4CF-1#ws6732FC0D)
IPCC. 2007. Summary for Policymakers, in Climate Change 2007: The Physical Science Basis. Contribution of
Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge, UK.
IPCC. 2012. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation.
Special Report of the Intergovernmental Panel on Climate Change. Cambridge, UK.
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 300)

EIS-05-223

 Section 10.1.7,
Climate,
Weather
Conditions and
Air Quality

Information Request:
What are the major sources of acrolein emissions from the Bruce site? What are the predicted incremental, if
any, sources from the DGR project?
Context:
Predicted air concentrations of target compounds, resulting from existing sources at the Bruce nuclear site do
not exceed hazard quotient (HQ) of 1.0, with the exception of acrolein.
OPG Response:
The primary existing source of acrolein at the Bruce nuclear site is the combustion of diesel fuel at the on-site
steam plant. Acrolein is also emitted in small amounts from vehicular traffic (refer to OPG’s response to
Information Request (IR) EIS-01-09 (OPG 2012a)). Emissions of acrolein from the DGR Project are primarily
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from diesel-fired equipment, and are small compared to the existing emissions.
The CNSC, in a May 1, 2012 meeting with Ontario Power Generation (OPG) (CNSC 2012) requested the
following clarification:
“Provide addendum information to the JRP in respect of EIS 01-09, discussing: the receptors and
sources of acrolein considered in the analysis; the new standard for acrolein; and the results in
respect of the new criteria.”
The request is included in OPG’s response (OPG 2012b); however, as a result of an editing error in the
response package, the response to the clarification request was not included. The intended response, which
also responds to this information request, is provided below.
(a) Acrolein Standards
In its initial response to IR-EIS-01-09 (OPG 2012a), OPG states that there were no relevant ambient air quality
standards or criteria for acrolein. However, OPG acknowledges that O. Reg. 419/05, as amended by O. Reg.
507/09, lists the following applicable acrolein criteria:




Schedule 3, Standards with Variable Averaging Period:
4.5 µg/m³ one-hour standard; and
0.4 µg/m³ 24-hour standard.

The 24-hour acrolein criteria of 0.08 µg/m³ listed in Appendix C to the Environmental Impact Statement has been
superseded by the above numbers, which represent the official O. Reg. 419/05 standards. Only the Schedule 3
numbers are presented as these apply when using advanced dispersion models. These standards are intended
to apply to emissions from stationary sources only, and do not apply to emissions from mobile and construction
sources (MOE 2007). Further, when comparing concentrations to the O. Reg. 419/05 standards, no
consideration is given to background concentrations.
In addition to the Schedule 3 standards, Ontario Ministry of the Environment (MOE) has also developed a series
of ambient air quality criteria (AAQC). The AAQC for acrolein are numerically the same as the O. Reg. 419/05
standards, and are listed below:



4.5 µg/m³ one-hour standard; and
0.4 µg/m³ 24-hour standard.

When comparing to the AAQC values, it is usual to consider the contribution from all of the sources at the site.
However, the MOE has not provided clear guidance on whether background should also be included when
determining whether Project contributions do, or do not, meet the AAQC. The AAQC are not currently used for
permitting purposes in Ontario, so the guidance is less clearly established.
The MOE (2005 and 2009) states “Ambient air monitoring data from Environment Canada (National Air Pollution
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Surveillance) for three urban locations in Ontario, from 1996 to 1998, showed that the mean concentration of
acrolein in 1996 ranged from 0.14 to 0.25 µg/m³.” Across Canada, levels for urban sites ranged from 0.05 to
2.47 µg/m³ with a mean of 0.18 µg/m³ based on information collected between 1989 and 1996 (MOE 2009). For
the purpose of the heath assessment, the upper mean value for Ontario of 0.25 µg/m³ was used as the
background concentration.
(b) Results of DGR Project Acrolein Emissions in Respect of Standards
The results in the table below show that the 1-hour acrolein concentrations meet the MOE AAQC of 4.5 µg/m³
for the existing, construction and operation scenarios, even when the upper value of background is included.
If Ontario criteria are to be used for comparison to the modeled predictions, the relevant ambient air quality
criteria is the MOE AAQC values. The first table in OPG’s response to EIS-01-09 (replicated below), with the
heading “Maximum 1-hour Acrolein Concentrations for Health Assessment (includes stationary, construction and
mobile sources)” shows the predicted 1-hour concentrations of acrolein from all sources of emissions at the
Bruce nuclear site for the existing, construction and operations scenarios. The table also includes a background
concentration of 0.25 µg/m³, which conservatively represents the contribution from all sources beyond the Bruce
nuclear site. The background concentration of 0.25 µg/m³ is the upper background value identified for urban
areas in Ontario (MOE 2005 and 2009). The expected background concentration would be lower in the vicinity
of the Bruce nuclear site given it is a rural setting. The results in the table show that the 1-hour acrolein
concentrations meet the MOE AAQC of 4.5 µg/m³ for the existing, construction and operation scenarios, even
when the upper value of background is included.
The second table in OPG’s response to EIS-01-09, with the heading “Maximum 24-hour Acrolein Concentrations
for Health Assessment (includes stationary, construction and mobile sources)” shows the predicted 24-hour
concentrations of acrolein from all sources of emissions. However, the table did not consider the decay of
acrolein in the environment. While this is a reasonable approach for assessing potential health effects, as was
done in the EIS, decay of acrolein should be considered when predicting concentrations for comparison to the
AAQC values. According to MOE (2005 and 2009) the estimated atmospheric half-life for acrolein ranges from
15 to 20 hours. The second table in OPG’s response to EIS-01-09 also includes the upper bound background
concentration of 0.25 µg/m³. While using the upper bound background value is reasonable for the health
assessment, an average background is more appropriate to use when comparing to the AAQC values. The
following table provides the predicted 24-hour concentrations of acrolein from all sources of emissions at the
Bruce nuclear site for the existing, construction and operations scenarios including decay based on a 15-hour
half life, and an average background value of 0.18 µg/m³ (MOE 2009). The table shows that the AAQC values
are met at all health receptors, with the exception of AR6. However, AR6 is located on the Bruce nuclear site
where AAQC values do not apply.
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Table 1: Maximum 1-Hour Acrolein Concentrations for Health Assessment
Maximum 1‐Hour Acrolein Concentrations for Health Assessment
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Notes:

Maximum Modelled
Existing Concentration
(µg/m³)
1.22
1.58
1.18
1.26
0.66
1.38
Maximum Modelled
Construction Concentration
(µg/m³)
1.63
2.86
1.20
2.00
1.00
3.26
Maximum Modelled
Operations Concentration
(µg/m³)
1.22
1.60
1.18
1.26
0.66
1.38

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.83
1.43
1.51
0.91
1.63

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.88
3.11
1.45
2.25
1.25
3.51

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.25
0.25
0.25
0.25
0.25
0.25

1.47
1.85
1.43
1.51
0.91
1.63

Background acrolein from MOE 2005
Receptor locations are shown in Figure C2.3.1-1 of the EIS (Volume 2).
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Table 2: Maximum 24-Hour Acrolein Concentrations
Maximum 24‐Hour Acrolein Concentrations
(includes stationary, construction and mobile sources)
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6
Receptor
AR1
AR2
AR3
AR4
AR5
AR6

Notes:

Maximum Modelled
Existing Concentration
(µg/m³)
0.08
0.10
0.09
0.11
0.06
0.13
Maximum Modelled
Construction Concentration
(µg/m³)
0.16
0.12
0.10
0.15
0.06
0.24
Maximum Modelled
Operations Concentration
(µg/m³)
0.09
0.10
0.10
0.11
0.06
0.16

Background Acrolein
(µg/m³)

Existing Acrolein (µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.26
0.28
0.27
0.29
0.24
0.31

Background Acrolein
(µg/m³)

Constuction Acrolein
(µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.34
0.30
0.28
0.33
0.24
0.42

Background Acrolein
(µg/m³)

Operations Acrolein
(µg/m³)

0.18
0.18
0.18
0.18
0.18
0.18

0.27
0.28
0.28
0.29
0.24
0.34

Background acrolein from MOE 2009
Receptor locations are shown in Figure C2.3.1-1 of the EIS (Volume 2)

If the predicted concentrations are to be compared to O. Reg. 419/05, then it needs to be completed in
accordance with the guidance set out by the MOE (MOE 2007). Specifically, only the emissions from stationary
sources should be included and no mobile source or construction source or construction emissions should be
included. In OPG’s initial response to EIS-01-09, predicted 1-hour acrolein concentrations for stationary sources
only are provided in the fourth table titled “Maximum 1-hour Acrolein Concentrations for O. Reg. 419/05 Air
Assessment (includes stationary sources only)”. This table shows that all of the predicted 1-hour acrolein
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concentrations at the health receptor locations comply with the O. Reg. 419/05 standards for the existing,
construction and operation scenarios. This is to be expected as the predicted 1-hour acrolein concentrations
from all sources complied with the 1-hour AAQC, and the AAQC and O. Reg. 419/05 standards are numerically
the same.
(c) Sources of Emissions Considered for the DGR Project
In the EIS, predicted acrolein concentrations used for the purpose of the health assessment included the
contribution from all sources at the Bruce nuclear site, including stationary, mobile and construction sources.
The contribution from sources not at the Bruce nuclear site was incorporated through the use of a conservative,
upper bound background value of 0.25 µg/m³.
In Ontario, predicted concentrations that include either mobile or construction sources of emissions should be
compared to the AAQC values and not to the O. Reg. 419/05 standards. A comparison of the predicted acrolein
concentrations to the Ontario AAQC values has been provided in (b). When comparing to O. Reg. 419/05
standards, only stationary, non-mobile, non-construction sources should be considered as per MOE guidance
(MOE 2007).
(d) Rationale for Standards Considered
The EA considered all relevant ambient air quality criteria. Currently, the MOE has established 1-hour and
24-hour AAQC values, which are introduced and discussed in part (b) of this response. When comparing to the
AAQC values, the emissions from all sources would be considered, see part (b) above.
The O. Reg. 419/05 standards were not developed for assessing ambient air quality, or the combined effects of
industrial and background concentrations. According to the MOE (MOE 2007), the O. Reg. 419/05 standards
are not intended for application to emissions from either mobile or construction sources. As stated in the
Atmospheric Environment TSD (p.31) “…O. Reg. 419/05 considers the emissions from selected stationary
sources only. The MOE exempts emission sources associated with construction activities from evaluation
(MOE 2007). Similarly, evaluations in accordance with O. Reg. 419/05 do not include considerations of
background concentrations.”
See the response to (b) for further comparisons of predicted acrolein concentrations with the MOE AAQC levels.
(e) Rationale for Background Concentration
The MOE (2005 and 2009) states “Ambient air monitoring data from Environment Canada (National Air Pollution
Surveillance) for three urban locations in Ontario, from 1996 to 1998, showed that the mean concentration of
acrolein in 1996 ranged from 0.14 to 0.25 µg/m³.” However, the MOE (2009) suggests the average Canadian
background value is 0.18 µg/m³. Both the upper bound Ontario background of 0.25 µg/m³ and the average
Canadian value of 0.18 µg/m³ are less than the relevant O. Reg. 419/05 standards and Ontario AAQC.
Available literature did not provide any distinction between background 1-hour, 24-hour or annual acrolein
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concentrations. The reason is that sampling for acrolein uses an integrated method, which cannot determine
short-term, 1-hour concentrations.
(f) Rationale for Modelling Inputs
As discussed in part (b), the MOE has established both ambient air quality criteria (AAQC) and standards (O.
Reg. 419/05) for acrolein. The 1-hour AAQC value and O. Reg. 419/05 standard are numerically the same, and
is 4.5 µg/m³. As shown in part (b) above, the predicted 1-hour acrolein concentrations from all sources at the
Bruce nuclear site, plus background, do meet the relevant AAQC value.
The table of emissions presented on page 29 of OPG’s initial response to EIS-01-09 provides a comparison of
the emissions of acrolein from all sources at the Bruce nuclear site and all DGR Project acrolein sources (the
second and third columns). In addition, the two right hand columns show the relative acrolein emissions from all
stationary sources at the Bruce nuclear site and the stationary sources for the DGR Project.
The dispersion modelling for acrolein presented in the health assessment section of the EIS included the
contribution from all acrolein sources at the Bruce nuclear site (second column). The only time that the
stationary source emissions only are used in modelling is if the results are to be compared directly to the O. Reg.
419/05 standards In accordance with guidance from the MOE (2007), only the emissions from stationary
sources are to be considered when determining compliance with O. Reg. 419/05 standard
References:
CNSC (Canadian Nuclear Safety Commission). 2012. Minutes of May 1 Meeting between OPG and CNSC
Staff. (CEAA Registry Doc #560).
MOE (Ontario Ministry of the Environment). 2005. Ontario Air Standards for Acrolein. Standards Development
Branch.
MOE (Ontario Ministry of the Environment). 2007. Certificate of Approval Exemptions – Air. Ontario Regulation
524/98.
MOE (Ontario Ministry of the Environment). 2009. Ontario Air Standards for Acrolein. Standards Development
Branch.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-0053100108, March 9, 2012. (CEAA Registry Doc #363).
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1
Responses”, CD# 00216-CORR-00531-00118, July 10, 2012. (CEAA Registry #606).
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Information Request:
Provide additional detail concerning project costs during each temporal phase, and provide the ranges in costs
for each phase.
Context:
“The construction cost of the DGR is currently estimated to be about $1 billion.” This statement does not clarify
whether the $1 billion cost is only for the site preparation and construction phase (5-7 years), or for the site
preparation and construction phase plus the operations phase (40-45 years), the decommissioning phase (5-6
years) and the abandonment and long-term performance phase (institutional controls for up to 300 years). It is
unclear as to what the actual total cost of the Project will be.
OPG Response:
The $1 billion cost estimate stated in Section 1.2.5 of the Environmental Impact Statement (OPG 2011) is a
rounded-up number for the licensing, design, site preparation and construction costs. The estimated costs for
the major phases of the DGR Project are provided in the following Table:
Phase Description

Estimated Costs
(2012 M$)

a) Licensing, Design, Site Preparation & Construction

906

b) L&ILW Retrieval and Operations

832

c) Decommissioning and Abandonment

337

The cost estimates above are point estimates. Ranges are not available. A segregated fund, known as the
Decommissioning Fund, has been established by Ontario Power Generation, and these accumulated funds will
be used to pay for the DGR Project.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
EIS-05-225

 Section 11.4.8,
Noise and
Vibration

Information Request:
Clarify the two definitions of low magnitude noise levels adopted in the determination of significance.
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Context:
In Table 7.8.3-1 low magnitude noise levels are defined as change in Leq >3 and ≤6 dB. In Table 7.8.3-2 a low
magnitude noise level is defined as when the value exceeds the baseline values by 5 dB.
OPG Response:
Table 7.8.3-1 of the Environmental Impact Statement (EIS) (OPG 2011) defines how magnitudes were assigned
for predicted changes in noise levels. As shown in Table 7.8.3-1 (OPG 2011), a change in noise levels is
considered to be of low magnitude when there is a predicted change in the hourly Leq of >3 and ≤ 6 dB. The
summary of residual adverse effects and significance associated with noise levels are presented in Table 7.8.3-2
(OPG 2011) of the EIS. Table 7.8.3-2 (OPG 2011) indicates that there was a predicted increase in noise levels
relative to the baseline value of 5 dB during the site preparation and construction phase, as well as during the
decommissioning phase. A change in noise level of 5 dB is considered to be of low magnitude according to the
rules presented in Table 7.8.3-1 (OPG 2011). Specifically, a change in noise levels of 5 dB is > 3 dB, but is ≤ 6
dB.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-077011-00001 R000. (CEAA Registry Doc #298)

EIS-05-226

 Section 10.2,
Socioeconomic
Conditions

Information Request:
Clarify the degree of visibility of the Bruce site from the nearest highways.
Context:
Page 6-237 of the EIS states that: "existing nuclear generating stations are not visible from the nearest
highway". On p. 6-254 it is maintained that " County Road 20 leads straight into the Bruce nuclear site from the
east and views from this road are greatly influenced by the existing Bruce nuclear site. Intermittent views from
Highway 21 are also possible."
OPG Response:
This statement, referenced on page 6-237 of the Environmental Impact Statement (OPG 2011), reflects a 2003
roundtable discussion with tourism business operators and others involved in the tourist industry
(INTELLIPULSE 2003). This statement reflects the opinions of those present at that discussion and is not based
on technical analysis, but rather their general conclusions regarding the visibility of the existing nuclear stations
at the Bruce nuclear site.
While these workshop participants did not consider the nuclear stations at the Bruce nuclear site as being
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visible, there are clear views of the existing facilities from County Road 20 and roads that lead directly towards
the site. Highway 21 is the main highway near the site and follows the shoreline of Lake Huron in a north-south
direction.
AECOM (2010) conducted a Visual Impact Analysis for the DGR Project, including an analysis of the existing
view shed. These results indicate that the Bruce nuclear site is not visible along much of the highway since it
runs past the site and not towards it. However, intermittent views are possible. A copy of the report is enclosed.
References:
AECOM. 2010. Visual Impact Assessment for the Proposed Deep Geologic Repository in Bruce County,
Ontario. (enclosed)
INTELLIPULSE. 2003. Tourism Round Table Discussion on Long-term Management of Low and Intermediate
Level Radioactive Waste at the Western Waste Management Facility.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-05-227

 Section 10.1.2,
Surface Water

Information Request:
Provide an explanation for the absence of total petroleum hydrocarbons, and oils and greases from the list of
measures for surface water quality in Table 6.3.2-1.
Context:
On page 6-13 of the EIS, total petroleum hydrocarbons are identified as one of the chemicals measured in soil in
previous Phase I and II site investigations. Therefore, there is a possible linkage between soil and surface water
quality in the existing environment of the Project and Local Study Areas. Provide the rationale for screening out
this linkage.
OPG Response:
Soil quality parameters, including petroleum hydrocarbons, were included as indicators of the soil quality valued
ecosystem component (VEC) in the Geology Technical Support Document (TSD) (GOLDER 2011a, Table 4-1).
A linkage between soil and surface water quality is identified as an indirect interaction in Section 6.2.2.5 of the
Hydrology and Surface Water Quality TSD (GOLDER 2011b) and is screened out in Section 7.3.2.3 because no
measurable change in soil quality is expected. For a complete discussion on the soil quality VEC, refer to
Sections 5.7.2.1, 6.2, 7.2, 8.2 and 8.7 of the Geology TSD (GOLDER 2011a).
Petroleum hydrocarbons, and oils and greases were not included as an indicator in the Hydrology and Surface
Water Quality assessment because sampled concentrations were generally below the method detection limits
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(GOLDER 2011b, Section 5.5.2.6), and there is no expectation of significant releases of these substances by the
project. The baseline water quality measurements of oil and grease that were above the method detection limits
are considered to be either a result of vegetation decay (i.e., vegetable based oils that are a by-product of
vegetation decay) or existing soil quality conditions. Values of oil and grease above the method detection limit
were reported in the South Railway Ditch and the drainage ditch under Interconnecting Road, both of which are
filled with vegetation (see response to Undertaking TIS 13 [OPG 2012]). However, one sample in MacPherson
Bay reported a value just above the method detection limit.
Changes to soil quality and water quality resulting from a petroleum hydrocarbon spill are discussed in Section
5.4.1.1 of the Malfunctions, Accidents and Malevolent Acts TSD (AMEC NSS 2011).
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada.
(CEAA Registry Doc #299)
GOLDER. 2011a. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc #299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada.
(CEAA Registry Doc #299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Additional Responses to Undertakings from Technical Information Session #1”, CD#
00216-CORR-00531-00136, August 31, 2012. (CEAA Registry #715)

EIS-05-228

 10.1.2, Surface
Water

Information Request:
Provide an explanation for why there were no continuous water temperature/dissolved oxygen/conductivity
measurements at the deeper sampling stations in the Site Study Area.
Context:
“In general, the water temperatures at all the locations correlated reasonably well with the average ambient air
temperature.” (EIS, page 6-83). Water temperature drives many important indicators of aquatic ecosystem
health. It determines the assemblage of aquatic biota, affects toxicity of some chemicals (e.g. ammonia), and
fundamentally affects the productivity of the system. Installation of continuous temperature/DO/conductivity
monitors is common practice. An explanation for the absence of such measurements in the context of data
quality objectives is required to evaluate the defensibility and appropriateness of the assessment.
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OPG Response:
The objective of the field investigation was to characterize the state of baseline conditions by determining the
presence/absence of contaminants above regulatory standards and guidelines. The sampling program was
designed to meet the objectives of a screening level assessment and appropriately addressed both the problem
and the constraints for this application as outlined in Section 3.4 and Table 3-1 of the United States
Environmental Protection Agency (U.S. EPA) document “Guidance on Choosing a Sampling Design for
Environmental Data Collection for Use in Developing a Quality Assurance Project Plan” (U.S. EPA 2002) (a
reference document for CSA N288.4-10 [CSA 2010]).
It is acknowledged that water temperature regulates the biological processes in a healthy ecosystem. However,
continuous temperature/dissolved oxygen/conductivity monitoring was not conducted for the following reasons:









There are no thermal discharges from the DGR Project and, therefore, temperature was not identified as
a parameter of concern.
The temperatures of the surface runoff from the DGR site is not expected to be measurably different
from runoff generated in other areas of the Bruce nuclear site.
The only surface drainage feature on the DGR site where water temperature is a concern is Stream C
because it is a cold water fishery. However, there are no discharges to Stream C from the DGR Project.
All of the water quality monitoring locations are characterized by shallow water depths (i.e., < 1 m – see
Table 1 below). Temperatures were not measured in Lake Huron, where water depths are greater,
since any potential effects on water temperatures in this area of the lake resulting from the DGR Project
would be negligible compared to effects of the thermal discharges from the Bruce A and Bruce B nuclear
generating stations. All other Site Study Area locations where the potential of an existing pathway from
the DGR site in the absence of mitigation measures (including in-design mitigation) were identified are
characterized by shallow water depths.
Since the monitoring locations are characterized by shallow water depths, dissolved oxygen is not a
concern. Surface re-aeration will maintain dissolved oxygen values at near-saturation levels in shallow
water bodies. This is especially true for MacPherson Bay, which is subject to wind/wave action, and
Stream C, which is a continually flowing water body.
Conductivity measurements provide useful information when discharges may result in a sinking or
floating plume (buoyancy effect) resulting from density differences between the effluent and receiving
water body. Since thermal stratification is not expected in any of these shallow water locations,
buoyancy effects are not a concern and, as such, conductivity measurements would not provide added
value.
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Table 1: Sample Locations
Sample Location

Location

Approximate Depth
(cm)

SW1

Stream C upstream of DGR site

20

SW2

Stream C downstream of DGR site

20

SW3

South rail Ditch adjacent to DGR site

5

SW4

South rail Ditch downstream (east) of DGR
site

5

SW5

Drainage ditch, east (downstream) of DGR
site

5 when not dry

SW6

MacPherson Bay

60 (at sampling location)

NOTE: approximated mean channel depth
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills.
Canadian Standards Association N288.4-10.
U.S. EPA. 2002. Guidance on Choosing a Sampling Design for Environmental Data Collection. United States
Environmental Protection Agency EPA QA/G-5S.
EIS-05-229

 10.1.1, Geology
and
Geomorphology

Information Request:
In view of the sedimentary variability of the uppermost till unit, provide additional data on the hydrogeologic
properties of the uppermost till layer under the proposed WRMA, Surface Water Ditches, and Stormwater
Management Pond that would justify the absence of liners under these features.
The additional data are to be collected from numerous locations that adequately reflect the variability across the
entire surface area within the WRMA boundary, as well as the Stormwater Management Pond boundary.
Context:
The surficial deposit encountered beneath the topsoil and/or fill is characterized as the Upper Weathered Silt Till
Unit and described as consisting mostly of weathered, brown silt till with fractures extending to depths of
approximately 3 m. (EIS, Section 6.2.5).
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In the 2012 Golder report (1011170042-REP-G2030-0002-00) this uppermost unit is variously described as
"Sandy Silt to Sand and Silt Till"' "Silty Sand to Sand and Silt to Sand and Gravel", "Clayey Silt to Silty Clay Till".
In the new test pits surrounding the WRMA, Stormwater Management Pond, and Surface Water Ditches five
attempts were made to measure hydraulic conductivities. Two proved unsuccessful, one is far removed from the
proposed facilities.
Direct sampling of near-surface sediments in the areas of the WRMA and Stormwater Management Pond need
not compromise the integrity of the potential barrier to surface water infiltration.
OPG Response:
Subsurface investigations including 35 shallow boreholes and 23 test pits at the DGR project site indicate that
the till layer is substantially uniform across the site. Table 2 of GOLDER (2012) provides a cross-reference
between the nomenclature used in the detailed soil descriptions from the 2011 investigation and in the
overburden geology site model as referred to in the Environmental Impact Statement (OPG 2011, Section
6.2.5.1). From the surface, there is a thin, discontinuous layer of topsoil, underlain by a surficial sand and gravel
unit, in turn underlain by the (Upper) Weathered Silt Till Unit. The depths of the Weathered Till and Unweathered
Till can be extracted from the borehole logs in Appendix A of GOLDER (2012), with the till generally transitioning
from brown/weathered to grey/unweathered at depths of 2 to 3 metres. The reference to “Silty Sand to Sand and
Silt to Sand and Gravel” is part of the Surficial Sand and Gravel Unit at the Waste Rock Management Area
(WRMA), not the Upper Till Unit (GOLDER 2012, Table 2).
In the boreholes drilled at the proposed WRMA as part of GOLDER (2012) till was encountered at depths
ranging from 1.2 to 2.7 metres below existing grade, and was not fully penetrated in any of the boreholes,
demonstrating till thicknesses up to 14 metres. Boreholes drilled for the shallow monitoring well network fully
penetrated the till layer. Preliminary results from these boreholes show consistent till thicknesses in a range from
9 to 14 metres (17 metres at one location) at boreholes spread widely across the DGR project site.
The uppermost till unit is described as Sandy Silt to Sand and Silt Till in the area of the DGR Surface Facilities,
and as Clayey Silt Till to Silty Clay Till at the WRMA and Stormwater Management Pond (SWMP). Figures 4 and
5 of GOLDER (2012) graphically present the soil descriptions in several sections through the DGR project site.
As described in the response to Undertaking TIS 5 (OPG 2012), the till is essentially indistinguishable based on
grain size analysis throughout the DGR site.
A total of 11 samples were collected for permeability testing from boreholes DGRB-21, DGRB-20, DGRB-23
underneath the WRMA and at DGRB-14 and DGRB-22 within 50 metres of the WRMA. Three samples were
collected from DGRB-25 and DGRBB-26/26A on the perimeter of the SWMP. All samples gave results for
-8
hydraulic conductivity on the order of 10 m/s. Two of these boreholes (B-22 and B-25), were dry upon
completion of drilling.
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The WRMA will include a base of graded silty clay till. The SWMP with its base at 177.5 metres would be
excavated into till which is at an elevation of 180 metres or higher in this area based on the four boreholes drilled
on the SWMP perimeter.
The data collected to date indicate that the till layer would provide a consistent and predictable barrier to surface
water infiltration from the WRMA and the SWMP. In the event there are unanticipated subsurface conditions
discovered in a localized area during site preparation, mitigating measures, potentially including lining of the
affected area would be undertaken as required to prevent surface water infiltration from the WRMA or SWMP.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Soil Investigation for
Proposed Surface Facilities. Golder Associates Ltd. report 1011170042-REP-G2030-0002. (CEAA Registry Doc
#610)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc #298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Responses to Undertakings from Technical Information Session #1”, CD# 00216CORR-00531-00132, August 15, 2012. (CEAA Registry Doc #692)
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Information Request:
Confirm whether the groundwater sampled at Well 231 is, or could, be used as a drinking water source.
Context:
The maximum tritium concentration at Well 231 is 8 x 104 Bq/L. This is less than the screening criterion of 3 x 106 Bq/L
for non-potable groundwater used by the proponent. However, this tritium concentration is elevated above the drinking
water guideline of 7 x 103 Bq/L.
Therefore, clarification that the water at Well 231 will not be used as a drinking water source at any time is required.
OPG Response:
Well 231 (also known as Water Sampling Hole 231) has not been and will not be used as a drinking water source.
Indeed, there are no groundwater wells within the Bruce nuclear site used as a drinking water source. Well 231 was
installed at the Western Waste Management Facility (WWMF) in 1990 for the purpose of monitoring radionuclides in
groundwater. It is a part of a larger groundwater monitoring network in and around the WWMF, located in approximately
the centre of the Bruce nuclear site.
At such time as the well is no longer used for monitoring, it will be abandoned in accordance with the requirements of
O. Reg. 903, Wells (MOE 1990), which establishes requirements and record keeping for well abandonment.
Reference:
MOE. 1990. O. Reg. 903, Wells.

EIS-06-231

 Section 11.4.6,
Radiological
Conditions

Information Request:
Clarify whether the first bullet of the regulatory limits on the annual dose to members of the public and to workers (on
page 7-92 of the EIS) should read: “nuclear energy workers, not including a pregnant nuclear energy worker.”
Context:
The bullet currently reads: “nuclear energy worker, including a pregnant nuclear energy worker”.
OPG Response:
The first bullet of the regulatory limits on the annual dose to members of the public and to workers (OPG 2011, p. 7-92)
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is correct as stated. The Canadian Nuclear Safety Commission (CNSC), in Radiation Protection Regulations
(CNSC 2007, Section 13(1)) establishes effective dose limits. The category “nuclear workers, including pregnant nuclear
energy worker” includes all nuclear workers including those who are pregnant up to the time that they become aware
that they are pregnant. Every nuclear energy worker who becomes aware she is pregnant is required to immediately
inform the licensee in writing (CNSC 2007, Section 11(1)). The category “pregnant nuclear energy worker” establishes
effective dose limits for the balance of the pregnancy.
References:
CNSC. 2007. Radiation Protection Regulations SOR/2000-203.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)

EIS-06-232

 Section 14,
Cumulative
Effects

Information Request:
Provide a description of all projects identified as having a cumulative effect on the radiation and radioactivity environment
in the vicinity of the proposed DGR. Details are to include the specific radionuclides and range of concentrations, the
time period of operation, spatial extent of emissions above background, and characteristics of receptor populations.
Context:
Sixteen projects have been identified that may act cumulatively in the radiation and radioactivity environment (see
Section 10.5.1.8). Three of the projects listed in Section 10.5.1.8 do not appear in the discussion in Section 10.6.6
including: Douglas Point Nuclear Generating Station Decommissioning, Heavy Water Plant Decommissioning, and
RWOS1 safe storage. The effects of the other 13 projects are only vaguely described.
More detail on the 16 overlapping projects is required to ensure that cumulative radiation effects have been thoroughly
assessed.
OPG Response:
In keeping with the Environmental Impact Statement (EIS) guidelines (CNSC and CEAA 2009, Section 14) and accepted
practice, an explicit evaluation of cumulative effects is required in those cases where the DGR Project is predicted to
result in residual adverse effects. Therefore, explicit consideration of the cumulative effects on the radiation and
radioactivity environment was not required because the assessment in the EIS (OPG 2011) did not identify any potential
residual adverse effects on radiation and radioactivity Valued Ecosystem Components (VECs) as a result of the DGR
Project. However, cumulative effects for radiation and radioactivity were assessed in the cumulative effects section
(OPG 2011, Section 10.6.6) in keeping with a precautionary approach because of the potential for additive radiological
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effects with other projects.
The EIS (OPG 2011, Tables 10.4-1 to 10.4-3) provides a list of past and existing, certain and planned, and reasonably
foreseeable projects that may overlap temporally or geographically with the DGR Project, including a description of each
project. The characteristics of projects that could act cumulatively in the radiation and radioactivity environment are
described below.
Project Descriptions: The EIS (OPG 2011, Tables 10.4-1 to 10.4-3) includes a description of each project. The level of
detail provided is consistent with environmental assessment practice. OPG’s response to Information Request (IR)
EIS-06-233 also discusses projects which may act cumulatively with the DGR Project.
Period of Operations: Figure 10.4-2 (OPG 2011) provides the expected timeline, including an indication of the phase of
each project. Information on the temporal distribution of cumulative dose estimates is provided in OPG’s response to IREIS-06-233.
Spatial Extent of Emissions: These projects are, or would be, located on the Bruce nuclear site. The planned or
reasonably foreseeable projects are similar in scope to existing or past projects. For example, refurbishment of Bruce B
would not be expected to differ in type or extent of emissions from the refurbishment of Bruce A.
Characteristics of Receptor Populations: The general characteristics of potential critical groups used in the Radiological
Environmental Monitoring Program (REMP) report are provided in the Radiation and Radioactivity Technical Support
Document (TSD) (AMEC NSS 2011, Table 5.10-1). These potential critical groups were defined to be representative of
the individuals most highly exposed as a result of all sources at the Bruce nuclear site for any applicable set of
circumstances. They were selected on the basis of proximity to the sources of emissions at the Bruce nuclear site, and
on the basis of lifestyle characteristics, such as their location, habits or diet. The identification of planned and
reasonably foreseeable projects did not identify any that would substantially change land use in the area near to the
Bruce nuclear site. As a result, receptor populations for future projects are expected to be the same as those for the
current projects at the Bruce nuclear site.
Specific Radionuclides and Range: Bruce Power reports annually on the dose to the public resulting from operation of
all facilities on the Bruce nuclear site and in calculating the dose, includes emissions from the existing projects identified
in the cumulative effects assessment. OPG’s response to IR-EIS-03-67 (OPG 2012) provides a summary table,
reproduced as Table 1 below, of the radionuclides that are routinely measured for this annual reporting. Similar
radionuclides are expected from the various future projects as they are all similar to an existing project or to the DGR.
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Iodine-131

√

Carbon-14

√

√

√

√

√

√

√

√

√

√

√

√

√

Cesium-134

√

√

√

√

Cobalt-60

√

√

√

√

Potassium-40

√

√

√

√

√

√

Gross beta-gamma
activity
Total gamma

√
√

Cesium-137

Noble Gas

Milk

Agricultural
Products
(animals, grain &
vegetable)

Fish

√

Soil

√

Sediments

Precipitation and
Dustfall

Air

√

Groundwater

√

Surface Water/
Drinking Water

Tritium

Waterborne
Emissions

Table 1: Media and Radionuclides Analyzed in Radiological Environmental Monitoring Program

Airborne
Emissions

IR#

√2
√1

√3
√

Gross beta

√

Source: BRUCE POWER 2010
NOTES: 1. Gamma emitters on particulate materials
2. Includes ~35 potential contributing radionuclides
3. Total external gamma dose.

As discussed in AMEC NSS (2011, Section 5.10), doses to members of the public from radionuclides as a result of all
activities at the Bruce nuclear site for the period 2001 to 2009 have been low, ranging from 1.58 to 4.41 µSv/a, and
considerably less than 1% of the regulatory limit of 1000 µSv/a for members of the public (i.e., a dose of 10 µSv/a is
considered to be the de minimus value, or the lower threshold of relevance). This dose is also very low compared to the
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2,100 µSv/a background dose in Ontario (BRUCE POWER 2010).
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary of Radiological Environmental Monitoring for 2009.
CNSC and CEAA. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Wastes. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)

EIS-06-233

 Section 14,
Cumulative
Effects

Information Request:
Provide a temporal distribution of cumulative dose estimates for members of the public.
Context:
16 projects have been identified that may act cumulatively in the radiation and radioactivity environment. The projects
should be described individually, along with expected doses resulting from each project.
These doses should be summed to calculate the cumulative dose to a member of the public over time.
OPG Response:
As discussed in OPG’s response to Information Request (IR) EIS-06-232, the Environmental Impact Statement (EIS)
(OPG 2011, Tables 10.4-1, 10.4-2 and 10.4-3) provides a list of past and existing, certain and planned, and reasonably
foreseeable projects that may overlap temporally or geographically with the DGR Project. These tables include a
description of each individual project and the level of detail provided in each project description is consistent with
environmental assessment practice. The EIS did not identify a residual adverse effect on radiation and radioactivity and
hence an assessment of cumulative effects on radiation and radioactivity was not required. However, in keeping with a
precautionary approach, the cumulative effects on radiation and radioactivity were assessed because the DGR Project
may have a small additive effect with other future projects.
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As discussed in the EIS (OPG 2011, Section 10.6.6), 16 projects located within the Bruce nuclear site have the potential
to contribute to public dose and to act cumulatively with the DGR Project. Each of the 16 projects identified is, or would
be, located within the Bruce nuclear site. The dose to the public resulting from projects located at the Bruce nuclear site
is based upon measured levels of radioactivity in the environment, calculated from reported emissions, or calculated
from estimated future emissions.
The potential change to the dose resulting from each of the 16 projects that could act cumulatively with the DGR Project
is described in the EIS (OPG 2011, Section 10.6.6). Estimated doses for the existing projects and the magnitude of
change for planned and foreseeable projects are provided below.
DGR Project
1. Operation of DGR
A bounding assessment of doses to members of the critical group resulting from radiological releases due to
operation of the DGR was presented in response to IR-EIS-06-245, providing an annual dose of 0.7 µSv.
Existing Projects
2. Existing Projects
Eight of the 16 projects — operation of Bruce A, Bruce B, refurbishment of Bruce A Units 1 and 2, operation of
the Western Waste Management Facility (WWMF), operation of the Western Used Fuel Dry Storage Facility
(WUFDSF), Douglas Point, Radioactive Waste Operations Site 1 (RWOS1) safe storage, and centre of site
facility operation — are existing projects and the doses from these projects are included in the existing doses
reported annually (BRUCE POWER 2010, Section 3.7). The doses reported in the EIS (OPG 2011,
Table 6.6.10-2) present the cumulative dose to members of the public from all projects in place at the Bruce
nuclear site for the reporting period.
Activities associated with Heavy Water Plant decommissioning were completed in 2011; dose contributions from
the Heavy Water Plant site are not expected to increase relative to current because there are no on-going
operations leading to releases of radioactivity.
The doses to the public over the period from 2001 to 2009 are provided in the EIS (OPG 2011, Table 6.6.10-2).
The highest existing dose among the nine potential critical groups representing members of the public over this
period was 4 μSv/a (OPG 2011, Section 6.11.4.3). The 2010 dose to the public was 2.85 µSv/a (BRUCE
POWER 2011, Section 2.0), and the 2011 dose was 1.53 µSv/a (BRUCE POWER 2012, Section 4.10.1). For
the 20th consecutive year, the calculated dose to a member of the public is less than the 10 µSv/a value that is
regarded as the lower threshold for relevance (de minimus) (BRUCE POWER 2012, Section 4.10.1).
The majority of radionuclide releases and the resulting doses were due to operation of the Bruce B nuclear
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generating station and Units 3 and 4 of the Bruce A nuclear generating station. Units 1 and 2 at Bruce A were
out of service or undergoing refurbishment in recent years. All 8 units at the Bruce nuclear site were in operation
during the period of 1991 to 1996. Maximum dose to the public during this period was 6.93 Sv/a, which was
observed in 1994 (BRUCE POWER 2005, Section 5.8). A higher dose value was reported in 1991; however,
this was calculated prior to the change to the current dose assessment procedures.
Based on this it can be estimated that with both the Bruce A and Bruce B nuclear generating stations operating
at full capacity, total dose to members of the critical group will be less than 8 Sv/a, with each nuclear
generating station contributing less than 4 Sv/a. This is a bounding estimate because doses due to operation
of refurbished units are lower than prior to refurbishment.
Certain/Planned Projects
3. Bruce A and Bruce B Decommissioning
Emissions to the environment, and the resulting incremental dose due to decommissioning of each nuclear
generating station, will be similar to those resulting from refurbishment as the activities resulting in potential
emissions are of a similar nature. Incremental dose to members of the public during the refurbishment of
Bruce A was estimated to be 0.035 Sv/a for an infant in the critical group (BRUCE POWER 2005,
Section 6.2.1.6).
Estimated doses due to decommissioning are small compared to those due to operation of a nuclear power
plant. Therefore, shutdown and decommissioning of the Bruce A and Bruce B nuclear generating stations will
result in a net reduction in doses to potential critical groups compared to baseline.
Thus doses due to decommissioning of Bruce A and Bruce B will each be less than 0.04 Sv/a.
4. Bruce A and Bruce B Safe Storage
This project involves placing the nuclear generating stations into a safe storage configuration after initial
decommissioning activities until the eventual dismantling and decontamination activities occur. There are no
significant emissions associated with safe storage. This will result in a net reduction in doses to potential critical
groups compared to baseline.
5. RWOS1 Safe Storage
The majority of radioactive waste has already been transferred from RWOS1. A small quantity of waste, which
is encased in concrete, remains. The residual waste will be transferred to the DGR. This will be an activity of
limited duration and it will involve removal of the waste and concrete and transfer to the DGR.
The resulting dose will be negligible compared to baseline dose to the critical group at Bruce nuclear site.
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6. WWMF Upgrades
OPG has approval for construction of additional refurbishment waste storage buildings. Emissions at WWMF
currently account for less than 4% of radionuclide emissions from the Bruce nuclear site (OPG 2011,
Section 6.6.4). Given that doses to members of the critical group from all releases at the Bruce nuclear site
were 2 to 4 Sv/a (OPG 2011, Section 6.6.10; BRUCE POWER 2011, Section 2.0; BRUCE POWER 2012,
Section 4.10.1), the WWMF contribution can be roughly estimated as below 0.2 Sv/a.
Based on a very conservative assumption that following WWMF upgrades, the radioactive inventory of stored
waste would be doubled, the incremental dose to members of potential critical groups can be estimated as less
than 0.2 Sv/a, resulting in doubling of the current dose due to operation of the WWMF.
7. WUFDSF Expansion
There are negligible public doses due to operation of the WUFDSF facility. There will be no measurable change
in doses to potential critical groups due to expansion of this facility.
Reasonably Foreseeable Projects
8. Bruce B Refurbishment
Emissions to the environment, and therefore resulting incremental dose due to Refurbishment of Bruce B
nuclear generating station will be similar to those resulting from refurbishment of the Bruce A nuclear generation
station. Incremental dose to members of the public during the refurbishment of Bruce A was estimated to be
0.035 Sv/a for an infant in the critical group (BRUCE POWER 2005, Section 6.2.1.6).
Estimated doses due to refurbishment are small compared to those due to operation of a nuclear power plant.
Therefore, refurbishment of Bruce B will result in a net reduction in doses to potential critical groups compared to
baseline.
9. Operation of Bruce B Nuclear Generating Station Following Refurbishment
Following refurbishment, releases from the Bruce B nuclear generating station will be at least as low as or lower
than at the present time. There will be no net increase in doses to members of the public.
10. Centre of Site Additions and Modifications
Centre of site emissions are very low as compared with emissions from Bruce A and Bruce B. There are
negligible public doses due to current operation of the Central Maintenance and Laundry Facility. There will be
no measurable changes in public doses resulting from potential additions and modifications.
11. Transfer of Used Nuclear Fuel to a Long-term Repository
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It is reasonably foreseeable that used fuel will be transported to a deep geologic repository outside of the Bruce
nuclear site. Effective doses to members of the public due to off-site transportation of used nuclear fuel are
estimated to be 0.2 Sv/a (NWMO 2012, Table 6). It should be noted that these doses are estimated for those
members of the public sharing a transport route and only a small fraction may be incurred by members of the
same potential critical groups as those considered in the baseline assessment for the Bruce nuclear site.
12. DGR for Decommissioning Waste at Bruce Nuclear Site
By the time decommissioning waste could possibly be received at the DGR, the majority of operational low and
intermediate level waste would be in place in the DGR and access tunnel closure walls would have been
constructed, eliminating all radioactive emissions from this waste. Therefore the total emissions from the DGR
from operational wastes will reduce to virtually zero. The contribution to dose from the possible emplacement of
decommissioning waste in a DGR at the Bruce nuclear site is not expected to be higher than the previous phase
for operational waste. The incremental dose due to disposal of decommissioning waste at DGR will be
approximately 0.7 µSv/a.
Summary
Table 1 summarizes the expected trend in change to dose resulting from future projects. Table 2 (provided at the end of
the responses to EIS IRs) provides a timeline of cumulative doses.
Table 1: Projected Dose Changes as a Result of Future Projects
Projected Net
Change Relative to
Current Dose

Project

Estimated Project Dose

DGR Project Operations

▲

< 0.7 µSv/a

Existing Projects

Ø

Included in baseline radiological
environment
< 8 Sv/a

Decommissioning

▼

< 0.04 Sv/a

Safe Storage

▼

Negligible compared to baseline

Decommissioning

▼

< 0.04 Sv/a

Safe Storage

▼

Negligible compared to baseline

Certain/Planned Projects
Bruce A

Bruce B
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RWOS1 Safe Storage

Ø

Negligible compared to baseline

WWMF Upgrades

▲

< 0.2 Sv/a

WUFDSF Expansion

Ø

No change

Refurbishment

▼

< 0.04 Sv/a

Operation

Ø

No change

Decommissioning

▼

< 0.04 Sv/a

Safe Storage

▼

Negligible compared to baseline

Centre of Site Additions and Modifications

Ø

No change

Transfer of Used Fuel to Long-term Repository

▲

< 0.2 Sv/a

DGR for Decommissioning Waste at Bruce Nuclear
Site

Ø

<0.7 µSv/a

Reasonably Foreseeable Projects
Bruce B

Notes:

▲
▼
Ø

Increase
Decrease
No change

The overall public dose due to facilities/projects at the Bruce nuclear site will vary temporally as a result of projects that
may act cumulatively with the DGR Project, increasing at times and at other times decreasing. The temporal sequence
of the projects is provided in Figure 1 (Figure 10.4-2 of OPG 2011, reproduced below). It can be seen from Table 1 and
Figure 1 that the highest potential for cumulative radiological effects could take place after operation of the DGR
commences, at the same time as the Bruce A and Bruce B nuclear generating stations are operational following WWMF
Upgrades and WUFDSF Expansion. The peak annual total cumulative dose from all these projects will be less than
10 µSv/a. This overestimates the cumulative dose because the existing projects/activities are assumed to continue to
2080, which is not the case. As these projects/activities are discontinued the associated dose would also. These
decreases are not reflected in the cumulative doses in the table. Total cumulative dose will reduce after shutdown of, for
example, Bruce B nuclear generating station.
Therefore, it is not expected that the dose to the public from the Bruce nuclear site at any time over the life of the DGR
Project will reach the lower, de minimus, threshold of 10 µSv/a. OPG’s response to IR-EIS-06-232 provides further
information on the doses to the public relative to regulatory limits and background doses.
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Note: * Not a planned activity; included to meet EIS Guideline requirements

Figure 1: Cumulative Effects Assessment Timeline (Figure 10.4-2 from OPG 2011)
References:
BRUCE POWER. 2005. Bruce A Refurbishment for Life Extension and Continued Operations Project Environmental
Assessment. Radiation and Radioactivity. Technical Support Document prepared by NSS. GA002/RP/001.
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BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. Bruce Power
report B-REP-03419-00010 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2011. Annual Summary & Assessment of Environmental Radiological Data for 2010. Bruce Power
report B-REP-03419-00011 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2012. Annual Summary & Assessment of Environmental & Radiological Data for 2011. Bruce Power
report B-REP-07000-00004 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
NWMO. 2012. Generic Transportation Dose Assessment. NWMO TR-2012-06. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/2018_nwmotr-2012-06generictransportationdoseassessmentr0a.pdf)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
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Information Request:
Explain, in detail, how the critical group dose assessment for members of the public adequately addresses aboriginal
communities and seasonal users.
Context:
Table C1.2-1 identifies four Valued Ecosystem Components (VECs) for Human Health including: Overall Health of Local
Residents, Overall Health of Members of Aboriginal Communities, Overall Health of Seasonal Users, and Health of
Workers.
The dose assessment for members of the public considered: A non-farm resident, a farm resident, and a dairy farm
resident. These all fall within the Overall Health of Local Residents VEC. It is not clear how Aboriginal groups and
seasonal users would be represented by the Local Residents VEC.
OPG Response:
The dose assessment for members of the public quantitatively assessed the effects on those people who are expected
to be exposed to the highest doses (i.e., those identified as potential critical groups). The potential critical groups for the
DGR Project were assessed to be the same as those identified in the Western Waste Management Facility (WWMF)
Derived Release Limit assessment (OPG 2011, Table 4.1-1). The same set was adopted for the DGR Project
assessment as it is within the Bruce nuclear site, and its emissions and location are similar to that from the WWMF (see
OPG’s response to Information Request (IR) LPSC-01-40 (OPG 2012a) for further discussion). These are the same
critical groups as considered in the Bruce nuclear site environmental monitoring program (BRUCE POWER 2012,
Section 4.12), with the exception of one dairy farming critical group that has a different designation (DF11 in BRUCE
POWER 2012, but DF4 in OPG 2011). These assessments identified nine potential critical groups around the site. The
critical groups included a non-farm local resident, a farm local resident, and a dairy farm local resident.
Aboriginal community members and seasonal residents were not identified as critical groups because any effects on
these members of the public are expected to be less than the assessed local residents due to their distance from the site
(Aboriginal community) or their part-time presence in the area (seasonal residents). However, further assessment of the
potential dose effects on these groups as a result of the DGR operation is provided below.
Aboriginal Communities
The relevance of the Local Resident dose assessment for Aboriginal community members is addressed in detail in
OPG’s response to IR-EIS-05-216 (OPG 2012b). This response shows that the potential local resident dose is larger
than the potential dose to a member of the Aboriginal community. This is primarily because of the greater distance of
the Aboriginal communities from the Bruce nuclear site - 25 km north for the Chippewas of Saugeen First Nation, 25 km
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north for the Historic Saugeen Métis Community, and 80 km northeast for the Chippewas of Nawash Unceded First
Nation.
Seasonal Residents
The potential dose to seasonal residents can be assessed by comparison to that to the BR32 and BR1 critical groups.
BR1 and BR32 represent non-farm full-time residents at Scott Point and Lakeshore Inverhuron Bay, respectively, which
are the closest cottage locations to the Bruce nuclear site (AMEC NSS 2011, Figure 5.10-1 and Table 5.10-1).
In the most recent 2011 assessment, a BR1 and BR32 adult were estimated to receive a maximum annual effective
dose of 0.8 and 1.2 µSv, respectively, from all Bruce nuclear site operations (BRUCE POWER 2012, Table A.5). The
major contributors for BR32, for example, are:
1.
2.
3.
4.
5.
6.
7.

consumption of plants and meat (0.44 µSv);
inhalation of air (0.40 µSv);
external dose from air (0.19 µSv);
ingestion of water (0.16 µSv);
external dose from water (0.016 µSv);
external dose from soils and sediments (0.008 µSv); and
consumption of fish (0.006 µSv).

The potential dose to seasonal residents in cottages at BR1 or BR32 would be less because they would spend less time
than the full time resident at this location. For a seasonal resident spending four months a year at a nearby cottage this
would reduce the dose by a factor of 3. In addition, according to 2007 survey information, bottled water is more
prevalent among the seasonal residents, rather than well water (BRUCE POWER 2012, Section 4.12), which would
reduce their water ingestion dose. In summary, the potential dose to seasonal residents is adequately addressed by the
existing monitored local resident critical groups.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2012. Annual Summary and Assessment of Environmental and Radiological Data for 2011. Bruce
Power report B-REP-07000-00004 R000. Kincardine, Canada. (available at
http://www.brucepower.com/category/reports/environmental-reports/environmental-radiological-data/).
OPG. 2011. Letter to CNSC, T. Doran to R. Barker, “Derived Released Limits and Action Levels for the Western Waste
Management Facility”, November 29, 2011.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
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Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)

EIS-06-235

 Section 16,
Follow-Up
Program

Information Request:
Provide a conceptual plan for the follow-up and monitoring programs for the decommissioning and abandonment stages
of the DGR project. This plan should include a general description of goals, objectives, key monitoring questions,
expected spatial extent, and expected frequency of monitoring.
A conceptual plan should also include a description of how monitoring will be linked with adaptive management.
Context:
The air, groundwater, and surface water follow-up and monitoring programs are described for the preparation,
construction, and operation phases of the project. Follow-up and monitoring will also be required for the
decommissioning and abandonment phases.
A conceptual description of monitoring programs for these phases will assist in the evaluation of the defensibility and
completeness of the assessment.
OPG Response:
A separate Environmental Assessment (EA) is expected to be required for the decommissioning phase of the project and
a more detailed follow-up monitoring program would be developed at that time (i.e. in the 2050s or later). The overall
objective of the follow-up monitoring program during the decommissioning phase will be consistent with the requirements
of subsection 2(1) of the Canadian Environmental Assessment Act (CEAA 2012), to verify the accuracy of the EA and to
determine the effectiveness of any measures taken to mitigate any environmental effects predicted in the
decommissioning EA.
The decommissioning follow-up program will be developed in a similar manner to the DGR EA Follow-up Monitoring
Program (NWMO 2011) and will be compliant with relevant regulatory standards and guidance at the time of its
development. It will employ a similar systematic planning process that will comprise:




Definition of the objectives of the follow-up program;
Identification of the information required to meet the defined objectives;
Definition of the spatial boundaries of the follow-up program;
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Determination of how data collection will be used to achieve the defined objectives;
Specification of performance or acceptance criteria; and
Development of detailed monitoring design required to obtain the data.

The systematic process outlined above will incorporate a pathways model identification that will include air, groundwater,
surface water and soil.
The spatial extent of the follow-up program is expected to be similar to the follow-up programs for the site preparation
and construction, and operations phases of the project, but will be influenced by changes to land use in the local and
regional study area. The frequency of sample events planned in the monitoring program is part of the detailed sample
plan design stage, and will be based on the statistical analysis of past monitoring data, the benchmark values selected
and the specific objectives of the monitoring program.
The site surface activities during decommissioning are expected to be similar to those during the site preparation and
construction phase (e.g., operation of heavy equipment, demolition, earth moving), with radioactive emissions in the
early stages of the decommissioning phase being similar to the latter stage of the operations phase. Therefore, it is
expected that the monitoring plans will be similar to those proposed for the site preparation and construction and
operations phases of the project, and may include:







Surface water monitoring;
Groundwater monitoring;
Hydraulic head monitoring;
Air emissions/dust/noise monitoring;
Erosion control and re-vegetation monitoring; and
Radiological monitoring.

Adaptive management will be incorporated into the EA follow-up plan for the decommissioning phase by including
contingency procedures and plans to comply with/conform to regulatory standards or guidelines that are applicable at the
time of decommissioning. The Operational Policy Statement Adaptive Management Measures under the Canadian
Environmental Assessment Act (CEAA 2009) states:
“The results of follow-up programs may be used for implementing adaptive management measures or for improving
the quality of future assessments.”
It also states:
“…adaptive management is a planned and systematic process for continuously improving environmental
management practices by learning about their outcomes. Adaptive management provides flexibility to identify and

845

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
implement new mitigation measures or to modify existing ones during the life of a project.”
Since adaptive management is an iterative process that is based on the results of follow-up monitoring, the follow-up
monitoring program development for the decommissioning phase of the project will be guided by the results of the
baseline monitoring as well as the results of the follow-up program for each previous phase of the project.
Section 4.12 of the Environmental Impact Statement (OPG 2011) describes the abandonment and long-term
performance phase of the DGR Project. There are no physical activities occurring on the site during the abandonment
phase. The application for a Licence to Abandon would include the results of the decommissioning and environmental
monitoring programs. The Licence to Abandon may include conditions, such as local land use controls, and use of
surface and subsurface markers, that would apply during the period of institutional control. The need for follow-up
monitoring during abandonment will be discussed with the regulator at the time of applying for the Licence to Abandon
and will be based on the results of the decommissioning monitoring. If necessary, the follow-up monitoring will be
developed using a systematic approach similar to that described above.
References:
CEAA. 2009. Operational Policy Statement Adaptive Management Measures under the Canadian Environmental
Assessment Act. Accessed on October 23, 2012 at: http://www.ceaa.gc.ca/default.asp?lang=En&n=50139251-1
CEAA. 2012. Canadian Environmental Assessment Act, 2012. S.C. 2012, c. 19, s. 52.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-06-236

 Section 16,
Follow-Up
Program

Information Request:
Provide a list of all radionuclides to be monitored in the ventilation exhaust air during the operation of the proposed DGR.
Context:
A complete listing of the radionuclides included in the air monitoring program, rather than the broad groupings such as
particulates and noble gases, will assist in the evaluation of the completeness and appropriateness of the monitoring
program.
OPG Response:
The DGR EA Follow-up Monitoring Program report indicates that the ventilation exhaust air during operations would be
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routinely monitored for tritium, carbon-14 and particulate (NWMO 2011; Activity O-LIC-RAD1 in Table 5b).
The particulate would be analyzed for gross beta activity; that is, the sum of activity of all beta emitting radionuclides.
Although they would not be specifically identified, radionuclides that could be detected include common beta-emitters in
the waste such as Ni-63, Co-60 and Sr-90, as well as naturally occurring K-40. (Note that Co-60 emits both gammas
and betas.) The measured value for gross beta activity would be compared to the facility Derived Release Limit for
gross beta activity. This is consistent with current practice at the Western Waste Management Facility and the Bruce
nuclear site.
As also noted in the DGR EA Follow-up Monitoring Program report, radon in air would be monitored at underground
locations, but not necessarily in the ventilation exhaust (NWMO 2011; Activity O-LIC-RAD1 in Table 5b). Portable radon
monitors would measure the total radon content, with Rn-222 expected to be the dominant radon isotope.
Reference:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-06-237

 Section 16,
Follow-Up
Program

Information Request:
Explain the absence of gross alpha measurements in the groundwater and surface water monitoring program.
Context:
The DGR EA Follow-Up Monitoring Program TSD (page 17) states that only tritium and gross beta levels will be routinely
measured in groundwater; and that only tritium, gross beta, and in one case carbon-14 levels will be routinely monitored
in surface water.
The monitoring of gross alpha levels will allow comparison with the gross alpha screening level in the Canadian Drinking
Water Guidelines of 0.5 Bq/L.
OPG Response:
OPG’s response to Information Request EIS-03-67 (OPG 2012) provides information on the radionuclides monitored in
various media at the Bruce nuclear site. Gross alpha is not included in the Radiological Environmental Monitoring
Program at the Bruce nuclear site.
Radionuclides predicted in the DGR inventory in 2062 are listed in the Preliminary Safety Report (OPG 2011, Table 5-8).
Based on the 2062 inventory, the radioactivity in the DGR would be dominated by tritium (H-3), Carbon-14 (C-14),
Nickel-63 (Ni-63) and Niobium-94 (Nb-94). Three of these (H-3, C-14 and Ni-63) are pure beta emitters; Nb-94 is a
strong gamma emitter and a weak beta emitter. None is a strong alpha emitter.
Alpha-emitting radionuclides are present in the waste at much lower levels than the above radionuclides. These alpha847
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emitters are actinides, which are also less mobile than the above radionuclides.
For these reasons, the EA follow-up monitoring program proposed to monitor tritium, gross beta, and in one case C-14,
however not gross alpha. Monitoring of these species will provide a good measure of the performance of the DGR
facility.
References:
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)

EIS-06-238

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide a list of the specific radionuclides within larger categories (radioactive particulates, noble gases) that have been
measured in the existing environment. Ensure that all available detailed monitoring data for specific radionuclides has
been provided for sediments, soils, fish, agricultural plants, and milk.
Explain in more detail how the assumptions used in the dose modelling may have accounted for any missing
radionuclide-specific data.
Context:
Section 5 of the Radiation and Radioactivity TSD provides data on radioactivity and radionuclides in the existing
environment. However, much of the data are for broad groupings (e.g. noble gases, particulates). Data for sediments,
fish, plants and milk are for a fairly short list of specific radionuclides.
It is unclear whether the subsequent modelling of dose (that relies on the data or estimates provided in Section 5) is
complete, defensible, and appropriate. Further explanation regarding how the dose modelling accounted for missing
detailed data would assist in the evaluation of the dose modelling.
OPG Response:
The response to this Information Request (IR) is provided in three sections. The first section discusses the broad
categories of radioactivity in the environment. The second addresses available baseline data for radionuclides in
sediments, soils, fish, agricultural plants and milk. The third provides additional information on how public dose is
calculated from environmental radioactivity measurements for these groups of radionuclides.
Radionuclide Groupings
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The “packaging” of radionuclides into broad categories such as radioactive particulates and noble gases is a common
way to represent groups of radionuclides, especially in terms of measurement techniques in environmental media. The
CSA N288.1-08 standard (2008) allows for such groupings and licensees normally take this approach in measuring
radioactive particulates. The CSA N288.1-08 standard also allows for grouping radionuclides or gross radioactivity of
radionuclide mixtures with respect to measuring airborne and waterborne releases to the environment (CSA 2008).
The contribution of noble gases, radioiodine and radioactive particulate emissions to public dose cannot be reliably
distinguished from natural background by the radiological environmental monitoring program (REMP) implemented by
Bruce Power at the Bruce nuclear site. Model estimates are therefore made of these contributors to dose based on site
radiological emissions data. Environmental monitoring is carried out to confirm that this practice is correct (BRUCE
POWER 2010, Section 1.0).
1. Particulates
Radioactive particulate emissions to air consist of a mixture of radionuclides in particulate form that may contain
one or more of a list of radionuclides that have the potential to be released from a nuclear power plant to the
atmosphere. A default list of such radionuclides is provided in CANDU Owners Group (COG) guidance (COG
2008); facility specific datasets are available in derived release limits reports. Specific data on radionuclide
emissions within the larger category of radioactive particulates are not available.
Emissions of radioactive particulates from the Bruce A and Bruce B nuclear generating stations, and from the
Western Waste Management Facility (WWMF), to the atmosphere are exceedingly low, making it very difficult to
detect them in the environment. These emissions are monitored by capturing a sample stream of the particulate
on a filter and measuring the total gross beta and/or gamma radioactivity for the entire mixture. This is done as
a matter of convenience for compliance monitoring rather than measuring the activity of each individual
radionuclide separately. The practice is to compare the total (gross) activity of the mixture to the compliance
limit for the most restrictive potential component of the mixture. For dose calculation purposes, this gross
emission activity is assigned to the most restrictive potential component of the gross beta/gamma activity,
resulting in a bounding estimate of dose.
2. Noble Gases
Specific data on radionuclide emissions within the larger category of noble gases are not available. The emission
of noble gases to the environment (air) is monitored as indicated in Section 6.6.5.5 of the Environmental Impact
Statement (EIS) (OPG 2011). A mixture of Ar-41 and several Xe and Kr radionuclides make up the noble gas
mixture that is monitored (for a more detailed list, see COG 2008). The quantity that is monitored as an
emission is the total (gamma) radioactivity energy release per second of the total noble gas mixture (in units of
Bq-MeV/s). This energy release rate can be used to determine the energy release per cubic metre in air in the
environment by using an atmospheric dispersion factor between the emission source and the point of interest in
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the environment (based on site-specific meteorological data). This gives the noble gas energy release per cubic
metre of air (Bq-MeV/m³), a quantity that is directly related to the external dose received by someone at that
location from being exposed to the total noble gas mixture. There is no internal dose from noble gases because
they are inert and are not absorbed into the body. Thus a reasonably accurate dose estimate of exposure to
noble gases in the environment can be obtained without having data on each specific noble gas radionuclide.
Existing Environmental Monitoring
Monitoring data for specific radionuclides in the environmental media requested in this IR have been provided in OPG’s
responses to IRs included in Package #3 (OPG 2012a and OPG 2012b). The response to IR-EIS-03-67 outlines the
media and radionuclides that are analyzed as part of the on-going Bruce nuclear site-wide REMP (OPG 2012a). For
convenience, the requested data for the various environmental media can be found as follows:





Radionuclides measured in sediments: response to IR-EIS-03-83 (OPG 2012a), supplementary response to IREIS-03-83a (OPG 2012b), and response to IR-EIS-03-86 (OPG 2012a).
Radionuclides measured in soils: response to IR-EIS-03-82 (OPG 2012a), supplementary response to IR-EIS03-82a (OPG 2012b), and response to IR-EIS-03-87 (OPG 2012a).
Radionuclides measured in fish: response to IR-EIS-03-84 (OPG 2012a) and supplementary response to IR-EIS03-84a (OPG 2012b).
Radionuclides measured in fruits, vegetables, and milk: response to IR-EIS-03-88 (OPG 2012a) and
supplementary response to IR-EIS-03-88a (OPG 2012b).

Supplemental data on concentrations of radionuclides in sediment and soils collected as part of a three-phase EA
monitoring program conducted for waste management projects at the WWMF are provided in this response.
Radionuclides in Sediments
OPG’s response to IR-EIS-03-86 (OPG 2012a) provided information on monitoring programs that sampled sediments
from the Site Study Area for various radiological and/or chemical analyses. Included in that response were detailed
analytical results for sediment samples collected from the South Railway Ditch during Phase II (during construction) and
Phase III (during operation) of part of a three-phase EA monitoring program. This response summarizes the
radionuclide concentrations measured in sediments collected during Phase I (pre-construction) of the monitoring
program to augment the sediment baseline for the South Railway Ditch.
As explained in OPG’s response to IR-EIS-03-86 (OPG 2012a), OPG completed two environmental assessment studies
for projects at the WWMF. The Phase I monitoring for the Western Used Fuel Dry Storage Facility (WUFDSF) EA followup program was conducted during the period of May to August 2000 (Patrick and Romano 2001), and the Phase I
monitoring for the expansion of the low and intermediate level waste (L&ILW) storage capacity was undertaken in
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May 2001 (Patrick et al. 2001). The sampling locations for the WUFDSF EA follow-up are shown on Figure 1. Figure 2
shows the sampling locations used for the Phase I monitoring associated with the L&ILW storage capacity expansion
projects. Note that monitoring location W7 is located adjacent to the seasonal swamp that is southeast of the DGR
Project Site.

Figure 1: WUFDSF EA Follow-up Environmental Monitoring Program Phase I Sampling Locations
(from Patrick and Romano 2001, Figure 1) (Note: a larger size figure is provided at the end of the responses to

EIS IRs.)
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Figure 2: WWMF Low and Intermediate Level Waste EA Follow-up Program Phase I Sampling Locations
(from Patrick et al. 2001, Figure 1) (Note: a larger size figure is provided at the end of the responses to EIS

IRs.)
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Radionuclide concentrations measured in the four South Railway Ditch sampling sites in 2000 are shown in Figures 3 to
6 (from Patrick and Romano 2001; Figures 11 to 14). Levels of Cs-137 were highest at the W1 sampling site (see
Figure 1 for sampling site location), and lowest at the Sauble River and control sampling sites. The maximum
concentration of Cs-137 reported was 69 Bq/kg. Cs-134 was not measurable in sediment samples. Co-60 was
documented in some sediment samples, with the highest mean level of 14.7 Bq/kg reported at sampling site W1. The
results for K-40, a naturally occurring isotope, showed the highest concentrations in sediment at the Sauble River
sampling sites (383 and 523 Bq/kg, respectively).

Figure 3: Cs-137 Levels in Sediments from May/August 2000 (from Patrick and Romano 2001, Figure 11)

Figure 4: Cs-134 Levels in Sediments from May/August 2000 (from Patrick and Romano 2001, Figure 12)
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Figure 5: Co-60 Levels in Sediments from May/August 2000 (from Patrick and Romano, Figure 13)

Figure 6: K-40 Levels in Sediments from May/August 2000 (from Patrick and Romano, Figure 14)
Maximum radionuclide concentrations found in sediments during Phase I monitoring in May 2001 are shown in Table 1.
All sediment sample monitoring results were below the MDLs for Cs-134, Sr-90, I-129, and Tc-99. Trace amounts of
Cl-36 were measured at sampling site W7 (see Figure 2 for sampling locations). Similarly, C-14 was measured at only
one sampling site (W4). Both Cs-137 and tritium were found at all sampling sites.
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Table 1: Maximum Sediment Radionuclide Concentrations from May 2001 (from Patrick et al. 2001, Table 5)
Maximum Concentration of Analyte
Sampling
1
Location
W1 – W7

K-40

Co-60

Cs-134

Cs-137

H-3

Tc-99

Sr-90

I-129

(Bq/kg)

(Bq/kg)

(Bq/kg)

(Bq/kg)

C-14
(Bq/kg-C)

Cl-36

(Bq/kg)

(Bq/kg)

(Bq/kg)

(Bq/kg)

(Bq/kg)

390

3.5

<1

37

2886

280

53

<10

<10

<150

Note:
1
Refer to Figure 2 for sampling locations

Radionuclides in Soils
As part of the WUFDSF EA Phase I environmental monitoring program, soil samples were collected for radionuclide
analysis. Sampling locations for surficial soils are shown on Figure 1, above. The soil sampling methods are described
in Section 3.1.1 of Patrick and Romano 2001. The radionuclide content of the soils was estimated for gamma emitters
Cs-134, Cs-137, Co-60 and K-40, as well as C-14, tritium, Sr-90, I-129, Tc-99 and Cl-36. The results of the soil
radionuclide analyses are presented in Table 2. Soils were not analyzed during subsequent phases of the WWMF
Integrated follow-up monitoring program.
Table 2: Soil Radionuclide Results from 2000 (from Patrick and Romano 2001, Table 3)
Sampling
1
Location

K-40
2
(Bq/kg)

Cs-137
2
(Bq/kg)

Co-60
(Bq/kg)

Cs-134
(Bq/kg)

C-14
(Bq/kg-C)

H-3
(Bq/kg)

Sr-90
(Bq/kg)

I-129
(Bq/kg)

Tc-99
(Bq/kg)

Cl-36
(Bq/kg)

S-1

120.6
(±24.9)

4.5
(±1.5)

<2.4

<2.2

<300

66.6

<4.0

N/A

N/A

N/A

S-2

346.7
(±35.7)

<2.4

<2.1

<2.6

<300

44.4

<4.0

N/A

N/A

N/A

S-3

132.4
(±28.1)

12.2
(±2.5)

<2.8

<3.3

430

122.1

<4.0

<3.0

<1.0

<2.0

S-4

243.8
(±32.7)

14.9
(±2.4)

<2.6

<3.0

350

48.1

<4.0

N/A

N/A

N/A

S-5

273.4
(±34.7)

7.9
(±1.8)

<2.8

<2.6

<300

66.6

<4.0

<3.0

<1.0

<2.0

S-6

332.0
(±40.2)

8.4
(±2.0)

<2.6

<3.2

<300

85.1

<4.0

N/A

N/A

N/A

S-7

336.3
(±34.3)

<2.3

<2.2

<1.9

<300

40.7

<4.0

N/A

N/A

N/A
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S-8

336.3
(±35.5)

2.8
(±1.4)

<2.4

<2.4

<300

66.6

<4.0

N/A

N/A

N/A

4S-1

240.8
(±34.0)

4.0
(±1.8)

<2.4

2.4

N/A

N/A

N/A

N/A

N/A

N/A

4S-2

315.5
(±34.1)

2.2
(±0.1)

<1.8

2.6

N/A

N/A

N/A

N/A

N/A

N/A

4S-3

219.0
(±28.2)

9.4
(±6.3)

<3.0

2.1

N/A

N/A

N/A

N/A

N/A

N/A

4S-4

265.1
(±31.4)

2.2
(±0.3)

<2.0

2.6

N/A

N/A

N/A

N/A

N/A

N/A

4S-5

443.2
(±42.6)

2.7
(±0.3)

<2.5

2.8

N/A

N/A

N/A

N/A

N/A

N/A

4S-6

302.7
(±36.8)

2.7
(±0.7)

<2.2

2.7

N/A

N/A

N/A

N/A

N/A

N/A

4S-7

289.6
(±31.1)

2.1
(±0.1)

<1.8

2.1

N/A

N/A

N/A

N/A

N/A

N/A

4S-8

395.8
(±39.9)

2.4
(±0.3)

<2.2

2.9

N/A

N/A

N/A

N/A

N/A

N/A

4S-9

408.5
(±39.3)

2.3
(±1.5)

<2.3

2.5

N/A

N/A

N/A

N/A

N/A

N/A

4S-11

178.8
(±26.4)

2.4
(±0.2)

<2.3

2.2

N/A

N/A

N/A

N/A

N/A

N/A

Bruce
Front Gate

379.2
(±37.7)

<2.3

<2.3

<2.6

N/A

N/A

N/A

N/A

N/A

N/A

Goderich

367.0
(±39.7)

5.7
(±1.2)

<2.7

<2.7

N/A

N/A

N/A

N/A

N/A

N/A

Notes:
1
Refer to Figure 1 for sampling locations
2
Values in brackets indicate standard deviations
< - less than MDA value for a 2000 s DET04 spectral count where MDA is the Method Detectable Activity
N/A – Data not available as parameter was not measured at this sampling location

Dose Calculation
1. Dose from Drinking Water
Bruce Nuclear Site REMP (e.g., BRUCE POWER 2010) measures gross beta activity. However values for gross
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beta activity are typically at background levels, which are not included in the dose estimate for the Bruce nuclear
site.
2. Dose from Fish Ingestion
Site REMP does a gamma spectroscopy analysis (gamma scan) on the fish and typically reports on K-40, Cs-134,
Cs-137 and Co-60. If any other (non-background) radionuclide is detectable on the gamma scan, it would be
reported also. Radionuclide K-40 is present in fish due to natural background activity and always shows up, but is
not included in the dose as it is not released from the nuclear facilities. Typically Co-60 and Cs-134 are below
detection level and do not contribute to the dose. Radionuclide Cs-137 is often detectable as it is ubiquitous in the
background due to global fallout, but some may be due to operation of nuclear facilities at the Bruce nuclear site.
The Cs-137 activity is used to calculate dose. In summary, all non-background detectable radionuclides are used for
dose calculation.
3. Dose from Soils and Sediments
Soil and sediments are also subjected to gamma scans and the more common (non-background) radionuclides are
reported. Again only Cs-137 is normally above detection levels. Occasionally some Co-60 is measured. These are
used to calculate dose from soil or sediment exposures. No other radionuclides are normally seen in the
environment.
4. Dose from Ingestion of Milk, Fruit and Vegetables
Other than for tritium and C-14, analysis is only carried out for a small number of radionuclides, which are invariably
found to be below detection levels due to low level of emissions and the resulting very low environmental air
concentrations and even lower amounts deposited on produce.
References:
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. Bruce Power
report B-REP-03419-00010-R00.
COG. 2008. Derived Release Limits Guidance. CANDU Owners Group Inc. COG-06-3090-R2-I.
CSA. 2008. Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne and Liquid Effluents
for Normal Operation of Nuclear Facilities. Canadian Standards Association N288.1-08.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000, Volume 1. Toronto, Canada. (CEAA
Registry Doc# 298)
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OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. Attachment 3 to OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and
Intermediate Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216CORR-00531-00126, August 9, 2012. (CEAA Registry Doc# 684)
Patrick, P.H., H. Kowalyk and J. Kowalewski. 2001. Western Waste Management Facility – Low and Intermediate Level
Waste EA Follow-Up Environmental Monitoring Program. Phase I Report – The Pre-construction Phase. Report No.
0125-REP-07701.8-000001 R00. Report Prepared for OPG, Nuclear Waste Management Division.
Patrick, P.H. and C. Romano. 2001. Bruce Used Fuel Dry Storage Project Environmental Monitoring Program Phase I
Report – Pre-Construction Phase. Report No. 01098-REP-07701.8-10000-R00. Report Prepared for OPG, Nuclear
Waste Management Division.

EIS-06-239

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
What additions to the concentration of tritium in precipitation in the Site Study Area may be expected from DGR
activities?
If guideline values are exceeded, describe mitigation measures that may be implemented by the DGR operator.
Context:
In 2002, the maximum concentration of tritium in precipitation in the Site Study Area was 6,620 Bq/L. This is approaching
the Canadian Drinking Water Guideline of 7,000 Bq/L. The assessment states that, “precipitation can be a significant
component to the recharge of shallow groundwater aquifers, which may be used as a source of drinking water in the
region.”
OPG Response:
Tritium in precipitation in and around the Bruce nuclear site comes from several sources. Operation of the Bruce A and
Bruce B reactors is the dominant source of tritium in the air at the site (BRUCE POWER 2012, Table 2). Tritium offgassing from wastes in stored packages at the Western Waste Management Facility (WWMF) is a small contributor to
the total. With the transfer of waste packages from the WWMF to the Deep Geologic Repository (DGR), there will
initially be no net change in total tritium released by off-gassing, and therefore no change in total tritium in precipitation.
There may be a change in where the tritium emission occurs, with more within the DGR site and less within the WWMF
site. Eventually there will be a net reduction in the tritium releases, and therefore in tritium in precipitation, as the rooms
containing the waste packages are closed.
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With respect to drinking water, it is noted that there are no drinking water wells within the Bruce nuclear site and the
shallow bedrock aquifer within the site flows towards the lake. Groundwater supplies off the Bruce nuclear site will
contain tritium due to precipitation in the Local and Regional Study Areas. In the Local Study Area, which covers the
10 km emergency planning zone immediately around the Bruce nuclear site (AMEC NSS 2011, Figure 2.4.2-2), the
annual average tritium concentrations in precipitation were less than 350 Bq/L over the period of 2001 to 2009 (AMEC
NSS 2011, Figure 5.5.2-1 and Table 5.5.2-1). The tritium concentrations in precipitation in the Regional Study Area
(extending to Southampton in the north, Chesley in the east, Teeswater in the south, and nearshore region of Lake
Huron to the west, between Southampton and Point Clark) were much lower, tens of Bq/L (AMEC NSS 2011, Figure
5.5.2-2 and Table 5.5.2-1). Similar values were also reported for 2010 and 2011 (BRUCE POWER 2012, Table 9).
These values are much lower than the drinking water guidelines.
In summary, drinking water will not exceed the Canadian Drinking Water Guidelines for tritium as a result of DGR
activities. The DGR operation will eventually result in a small reduction in tritium concentrations in precipitation as waste
packages are isolated underground. Therefore, additional mitigation measures are not required.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2012. Annual Summary & Assessment of Environmental & Radiological Data for 2011. Bruce Power
report B-REP-07000-00004 R000. (available at http://www.brucepower.com/category/reports/environmentalreports/environmental-radiological-data/)

EIS-06-240

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide corrections and clarifications on locations and dates for Table 5.9-2: Tritium Level in Bruce A and B
Groundwater Monitoring Wells (Bq/L).
Context:
Currently under the column “Monitoring Location” the table has a range of dates. In addition, the second row sampling
months are also provided. It appears that there is no information on the actual locations.
The temporal meaning of this table is confusing.
OPG Response:
As indicated in OPG’s supplementary response to Information Request (IR) EIS-03-81 (OPG 2012), there is a
typographical error in the first column of Table 5.9-2 (AMEC NSS 2011). The table presented in AMEC NSS (2011) lists
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a series of dates for the Bruce A and Bruce B monitoring well locations. Instead, this column should present the well
number and level at which the sample was collected. The correct information for 2009 was provided in OPG’s
supplementary response to IR-EIS-03-81 (OPG 2012, Table 1, 2009 Semi-Annual Ground Water Data from Bruce A and
Bruce B Monitoring Wells). A corrected table, Table 1, for all years is attached.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. Attachment #3 to OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low
and Intermediate Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216CORR-00531-00126, August 9, 2012. (CEAA Registry Doc# 684)
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Table 1 (associated with IR-EIS-06-240): Tritium Level in Bruce A and B Groundwater Monitoring Wells (Bq/L)
[Correction to Table 5.9-2 (AMEC NSS 2011)]
Monitoring Location
Well Number - Level

2001

2002
a

2003
b

2004

2005

2006

2007

2008

2009

June

Nov

May

Nov

Aug

Nov

June

Dec

June

Dec

June

Dec

June

Dec

June

Dec

June

Dec

1-1

94.4

101.6

130

43.6

550

481

415

249.3

235

157.7

214.9

201.1

246.1

138.3

240.4

165.8

153.9

82.9

1-2

258.5

277.4

401

100.1

660

614

596

320

409

252.8

430

375.5

483

267.4

487

334.2

351.4

200

2-1

<3.7

<3.7

<23.5

<3.7

13.3

4.8

<4.3

<5.9

<4.4

<4.9

<5.1

<5.0

<5.2

<4.6

1.4

1.4

Ld

Ld

2-2

<3.7

<3.7

<23.5

<3.7

383.7

268.8

83.2

34.6

21.3

11.9

12.5

89.1

8.3

6.2

24.5

6.4

Ld

Ld

2-3

474

762.2

692

364.3

1,707

1817

1271

807

977

667

840

1499

783

527

763

544

462

499

3-1

<3.7

<3.7

<23.5

<3.7

<3.7

<3.7

<4.3

<5.9

<4.4

<4.9

<5.1

<5.0

<5.2

<4.6

0

0

Ld

Ld

3-2

<3.7

<3.7

<23.5

<3.7

8.6

11.2

4.7

<5.9

<4.4

<4.9

<5.1

<5.0

<5.2

<4.6

1.4

1.2

Ld

Ld

3-3

516.8

645.5

704

318

1,252

1,092

985

526

7.53

522

778

585

682

429.0

570

536

493

506

4-1

<3.7

<3.7

<23.5

<3.7

<3.7

<3.7

<4.3

<5.9

<4.3

<4.9

14.8

<5.0

<5.2

<4.6

3

1.1

Ld

Ld

4-2

1,466.4

1,303.3

1,590

594.6

450

433

250.3

231.2

190.7

167.7

188.9

176.2

350

114.9

221.5

171.6

176.6

131.6

5-1

<3.7

<3.7

<23.5

<3.7

<3.7

<3.7

5.2

<5.9

<4.4

3.8

<5.1

5.7

<5.2

<4.6

0.4

2.6

Ld

Ld

5-2

<3.7

<3.7

<23.5

<3.7

<3.7

<3.7

<4.3

<5.9

<4.4

<4.9

<5.1

<5.0

<5.2

<4.6

0

0

Ld

Ld

1-1

16.3

18.2

-

19.8

27.8

21

23.4

22.9

22.6

23.9

19.7

19.5

18.9

23.9

21.8

0

17.6

21.1

1-2

233.2

149

-

213.7

252.2

409

308.4

310.8

215.8

312.8

191

213.2

214.5

285.7

321.9

324.9

265.6

226.6

1-3

463.7

215.3

-

185

890

1,686

2,784

739

429

226.1

373.4

286.6

695

209.2

1116

389

436

270.6

2-1

156.4

143.8

-

147.6

177.6

164.7

163.1

160.6

109

140.9

221.2

167.9

219.8

226.1

202.3

257.2

142

272.8

2-2

155.4

161.1

-

191.2

262

278.8

277.8

323

301.4

279

390.8

407.0

444

400

597

650

763

754

3-1

<3.7

<3.7

-

4.9

<3.7

<3.7

4.6

<5.9

<4.4

<4.9

<5.1

<5.0

<5.2

<4.6

3.5

4.4

Ld

Ld

3-2

50.6

46.7

-

55.4

45.5

42.5

39.9

50.4

48.6

81.8

52.3

33.9

87.0

201.9

106.8

72.2

48.2

59.7

3-3

400.9

381.1

-

440.6

385.6

387.7

372.6

598

467

369.7

547

397.7

437

451

474

537

724

659

4-1

72.4

69.1

-

73.1

56.6

63.4

66.5

63.8

55.6

53.4

52

48.8

50.3

43.1

48.6

49.8

47.5

47

4-2

551.4

500.4

-

318.3

419

802

508

366

364

616

513

583

506

589

504

669

685

421

4-3

1,204.3

1341

-

899.3

1,089

1,552

1,600

1,406

1,649

1,593

1,895

2,042

2,153

1,979

2,769

3,012

3,082

3,161

5-1

258.5

252.6

-

288.9

265.7

287.6

288

267

240.9

257.8

253.1

233

249.4

234.6

262.7

263.3

88.9

245.3

5-2

354

361.6

-

388

392.6

450

468

445

370.9

390.3

467

462

505

470

604

610

621

619

5-3

469.3

454.5

-

431.5

619

742

534

460

599

449

656

613

1,024

650

1,250

945

766

599

Bruce A

Bruce B

Notes:
a
Modifications to the security fencing around Bruce B made access to the groundwater wells impractical during the first half of 2002
b
Samples were collected on November 13 for wells in Bruce A and November 19 for wells in Bruce B
No measurement taken
Ld
Lower than detection limit
Source: [10; 11; 12; 13; 14; 15; 16; 17; 18]
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 Section 10.1.6,
Ambient
Radioactivity

Information Request and Response

Information Request:
How will tritium levels in Well 231 be impacted by DGR activities? Clarify which guideline value is appropriate for tritium
levels in Well 231 to determine if mitigation is necessary.
Context:
Figure 5.9-2 shows the level of tritium to be above the Operating Limit for tritium of 4 x 104 Bq/L. The source of this
Operating Limit is not clear. The tritium concentration in Well 231 exceeds the Canadian Drinking Water Guideline for
Tritium (Health Canada 2010) and the Operating Limit for Tritium as discussed in Section 5.9 of the Radiation &
Radioactivity TSD.
OPG Response:
Ontario Power Generation’s (OPG) response to Information Request (IR) EIS-01-01 (OPG 2012a) provides information
related to tritium in groundwater at the Western Waste Management Facility (WWMF) and future impacts related to DGR
activities. In this respect, monitoring well WSH-231 is part of a dedicated groundwater quality monitoring well network
installed by Ontario Hydro in 1990 immediately down gradient and within the uppermost aquifers beneath the WWMF. A
description of the hydrogeologic conditions in the vicinity of the WWMF, the WSH-series groundwater quality monitoring
well network, and numerical simulations to illustrate the impact of DGR activities on groundwater flow and tritium
migration in the vicinity of the WWMF is provided by Sykes (2012). The groundwater simulations performed by Sykes
(2012) indicate that DGR activities, situated several 100 metres down gradient of the WWMF, will have no material
influence on tritium levels measured at WSH-231. Groundwater tritium concentrations in WSH-series monitoring wells
down gradient of WSH-231, in particular within the underlying shallow confined carbonate bedrock aquifer in which
lateral migration beyond the WWMF boundaries could occur, do not exceed ~500 Bq/L.
The WWMF operates under a licence granted by the Canadian Nuclear Safety Commission (CNSC). As part of the
operating licence, as described above, OPG conducts a routine groundwater quality monitoring program to assess the
influence of WWMF operation on local groundwater. The groundwater monitoring system is comprised of 20 monitoring
wells, including WSH-231. Groundwater tritium concentrations observed in these wells are reported quarterly to the
CNSC under a requirement of the WWMF operating licence. In certain circumstances, such as at WSH-231, sampling is
conducted bi-weekly and reported monthly to the CNSC. With respect to tritium in groundwater, specific Derived
Emission Limits and Action Limits for investigation at the licensed facility are stipulated by the CNSC. It is noteworthy
that all WSH-series monitoring wells are controlled and inaccessible to the public, and are constructed such that they
cannot be used as a source of potable drinking water. OPG’s response to IR-EIS-06-230 also clarifies that WSH-231
has not been and will not be used as a drinking water source (OPG 2012b).
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References:
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Acknowledgement of Package #6 Information Requests”, CD# 00216-CORR-00531-00148, October 31,
2012. (CEAA Registry Doc# 795)
Sykes, J.F. 2012. OPG DGR: Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the
Construction of the DGR Shafts. NWMO Technical Memorandum DGR-TM-03400. Toronto, Canada. (CEAA Registry
Doc# 365)

EIS-06-242

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Update the inhalation rates used in dose modelling to the more conservative values released in more recent guidance
documents.
Context:
The TSD cited a 2002 OPG Report for the inhalation rates used. However the COG Derived Release Limits Guidance
(Hart 2008) and CSA Standard N288.1 (CSA 2008) were both updated in 2008.
The use of the more updated inhalation rates from these documents would ensure that doses from inhalation have been
calculated in the most appropriate manner.
OPG Response:
The inhalation rates for three age classes specified in COG Derived Release Limits Guidance (COG 2008) and CSA
Standard N288.1 (CSA 2008) are provided in Table 1. These values have been used in place of the values cited in the
2002 OPG report (Benovich 2002) to model the doses to members of the public resulting from the operation of DGR
Project.
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Table 1: Inhalation Rates for Three Age Classes
ICRP Age Group

95th Percentile Inhalation Rate (m³/a)

Infant

2,740

Child

7,850

Adult

8,400

The updated dose calculation was conducted using IMPACT code (Version 5.4.0) following the guidance specified in
CSA N288.1-08, including the use of the updated inhalation rates provided above. In addition, the following factors were
also taken into account:
1.
2.
3.
4.

Estimated maximum DGR emission rates to air and water;
DGR specific emission characteristics;
Five year (2006-2010) meteorological data for Bruce nuclear site; and
2007 site specific survey for Bruce nuclear site.

The estimated doses to potential critical groups are provided in Table 2. The detailed dose calculation can be found in
OPG’s response to Information Request EIS-06-245. Based on the updated calculation, the critical group is an infant at
BDF11 who is expected to receive an annual dose of 0.7 µSv as the result of the DGR Project operation. This is
consistent with the conclusion in the Radiation and Radioactivity Technical Support Document (AMEC NSS 2011,
Section 8.2.5.1) that “dose to members of the public would be expected to be less than 1 μSv/a”.
Table 2: Estimated Doses to Potential Critical Groups
Location1

BF14

Age Class

Total Dose (Sv/a)

Adult

3.6 × 10-7

Child-10y

2.6 × 10-7

Infant-1y

2.1 × 10-7

Adult

1.1 × 10-7

Child-10y

7.8 × 10-8

BF1
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BR1

BR11

BR22

BR27

BR32

BDF11

865

Infant-1y

6.3 × 10-8

Adult

3.9 × 10-7

Child-10y

2.9 × 10-7

Infant-1y

2.3 × 10-7

Adult

4.2 × 10-7

Child-10y

3.1 × 10-7

Infant-1y

2.5 × 10-7

Adult

3.4 × 10-7

Child-10y

2.4 × 10-7

Infant-1y

2.0 × 10-7

Adult

1.8 × 10-7

Child-10y

1.3 × 10-7

Infant-1y

1.1 × 10-7

Adult

1.5 × 10-7

Child-10y

1.1 × 10-7

Infant-1y

8.5 × 10-8

Adult

3.7 × 10-7

Child-10y

4.0 × 10-7

Infant-1y

7.2 × 10-7
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BEC
Note:

1

Adult

1.9 × 10-9

Locations are shown in Figure 5.10-1 (AMEC NSS 2011)

References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Benovich, I. 2002. Guidance for Calculation of Derived Release Limits for Radionuclides in Airborne and Liquid
Effluents from Ontario Power Generation Nuclear Facilities. Ontario Power Generation report N-REP-03482-10000R000. Toronto, Canada.
COG. 2008. Derived Release Limits Guidance. CANDU Owners Group Inc. COG-06-3090-R2-I.
CSA. 2008. Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne and Liquid Effluents
for Normal Operation of Nuclear Facilities. Canadian Standards Association N288.1-08.
EIS-06-243

 Section 11.4.6,
Radiological
Conditions

Information Request:
Identify the critical group that is predicted to receive the highest dose to the general public. Provide doses to each of the
other potential critical groups. Distinguish among age classes.
Context:
Section 5 of the Radiation and Radioactivity TSD provides information on nine potential critical groups and identifies the
group currently receiving the highest dose (the critical group) as “adult in Group BF14 located to the southeast of the
Bruce nuclear site” (page 115). However, when estimated doses to the general public are described in Section 8.2.5, no
details are given with respect to the critical group that is predicted to receive the highest dose.
Furthermore, no information is provided on differences between adults and children or infants. The provision of more
detailed dose information to each of the potential critical groups described in Table 5.10-1 would assist in the evaluation
of the completeness and appropriateness of the dose modelling and conclusions based upon that modelling.
OPG Response:
Dose calculation was conducted for nine potential critical groups using IMPACT code (Version 5.4.0). On this basis, the
critical group that is predicted to receive the highest dose to the general public was identified. Detailed information is
provided below.
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DGR Emissions
The maximum annual emissions to air and water during normal operation of the DGR, estimated in the Preliminary
Safety Report (OPG 2011, Section 7.4.2), were used for the dose calculation. The maximum emission rates are
provided in Table 1.
Table 1: Maximum Release Rates during Normal Operation of the DGR Project
Radionuclide

Maximum Release Rates (Bq/a)
Airborne

Tritium

1.4 × 1013

Carbon-14

1.9 × 1012

Waterborne
Tritium

1.1 × 1011

Carbon-14

1.3 × 105

Potential Critical Groups and Age Classes
Nine potential critical groups have been identified to represent the general public who are expected to be exposed to
radiation resulting from the operation of nuclear facilities at the Bruce nuclear site, including the DGR. These potential
critical groups are listed in Table 2. Their characteristics including food intake and water consumption, based on the
2007 Bruce site specific survey, are described in Bruce Power’s Radiological Environmental Monitoring Program
(BRUCE POWER 2012, Section 4.12).
For each potential critical group, except workers in Bruce Energy Centre (BEC) where there are only adults, three age
classes were considered in the dose assessment, that is, a 1-year old infant, a 10-year old child, and an adult. These
three age classes adequately represent the population (ICRP 2007).
IMPACT 5.4.0
The computer code IMPACT, which stands for Integrated Model for Probabilistic Assessment of Contaminant Transport,
was used to estimate doses to potential critical groups. IMPACT was developed under contract to CANDU Owners
Group (COG) and is a customizable tool that allows the user to assess the transport and fate of contaminants through a
user-specified environment. It also enables the calculation of the dose to potential critical groups. It covers all of the
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potential exposure and release scenarios, including atmospheric and aquatic pathways that are in the CSA N288.1-08
standard. IMPACT Version 5.4.0, released in 2009, is the latest version of the code. This version fully implements the
models of the CSA N288.1-08 standard and its recommended parameter values.
The facility-specific characteristics of the emission sources at the DGR, along with five year (2006 to 2010)
meteorological data for the Bruce nuclear site, were used as input parameters in the IMPACT code to model doses to
potential critical groups.
Table 2: Potential Critical Groups at Bruce Nuclear Site
Group Name

General Characteristics and Location of Group

BR1

Non-farm resident, Lakeshore
Scott Point, Located north of the Bruce nuclear site

BR11

Non-farm resident, Inland
Baie du Doré, Located to the northeast of the Bruce nuclear site

BR32

Non-farm resident, Lakeshore
Inverhuron Bay, south-southeast of Bruce B

BR22

Non-farm resident, Inland
Northeast of Inverhuron, Located to the south of the Bruce nuclear site

BR27

Non-farm resident, Trailer Park
Northeast of Inverhuron, Located to the south of the Bruce nuclear site

BF1

Agricultural, Non-dairy farm resident
Located to the northeast of the Bruce nuclear site

BF14

Agricultural, Non-dairy farm resident
Located to the southeast of the Bruce nuclear site

BDF11

Agricultural, Dairy farm resident
Located to the southeast of the Bruce nuclear site near Tiverton.

BEC

Worker in Bruce Eco-Industrial Park (formerly BEC)
Located to the east of the Bruce nuclear site
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Results of Dose Calculation
The estimated doses to the nine potential critical groups are provided in Table 3.
Based on the results of the dose calculations, the critical group is an infant at BDF11 who is expected to receive an
annual dose of 0.7 µSv as the result of the DGR operation. This is consistent with the conclusion in the Radiation and
Radioactivity Technical Support Document (AMEC NSS 2011, Section 8.2.5.1) that “dose to members of the public
would be expected to be less than 1 μSv/a”.
Table 3: Estimated Doses to Potential Critical Groups
Location1

BF 14

BF1

BR1

BR11

869

Age Class

Total Dose (Sv/a)

Adult

3.6 × 10-7

Child-10y

2.6 × 10-7

Infant-1y

2.1 × 10-7

Adult

1.1 × 10-7

Child-10y

7.8 × 10-8

Infant-1y

6.3 × 10-8

Adult

3.9 × 10-7

Child-10y

2.9 × 10-7

Infant-1y

2.3 × 10-7

Adult

4.2 × 10-7

Child-10y

3.1 × 10-7

Infant-1y

2.5 × 10-7
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BR22

BR27

BR32

BDF11

BEC
Note:

1

Adult

3.4 × 10-7

Child-10y

2.4 × 10-7

Infant-1y

2.0 × 10-7

Adult

1.8 × 10-7

Child-10y

1.3 × 10-7

Infant-1y

1.1 × 10-7

Adult

1.5 × 10-7

Child-10y

1.1 × 10-7

Infant-1y

8.5 × 10-8

Adult

3.7 × 10-7

Child-10y

4.0 × 10-7

Infant-1y

7.2 × 10-7

Adult

1.9 × 10-9

Locations are shown in Figure 5.10-1 (AMEC NSS 2011)

References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2012. Annual Summary and Assessment of Environmental Radiological Data for 2011. Bruce Power
report B-REP-07000-00004-R00. Tiverton, Canada.
ICRP. 2007. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP
Publication 103.
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-244

 Section 11.4.6,
Radiological
Conditions

Information Request:
Confirm whether the maximum airborne release rate for C-14 from all LLW and ILW packages should be presented as
Bq/s.
Context:
The release rate of C-14 from LLW and ILW packages is stated as.8 x 1012 Bq. A release rate requires a unit of time.
OPG Response:
In Appendix D, p.D-3, of Radiation and Radioactivity Technical Support Document (AMEC NSS 2011), the maximum
airborne release rate of C-14 from all ILW packages is given as 1.8 × 1012 Bq, but should be 1.8 × 1012 Bq per year, and
the maximum airborne C-14 release rate from all LLW and ILW packages should be 1.9 × 1012 Bq per year. The time
units are given in Table 7-10 of the Preliminary Safety Report (OPG 2011), as referenced for these numbers.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-245

 Section 11.4.6,
Radiological
Conditions

Information Request:
a) Provide an estimate of doses to members of the public by using a detailed pathways analysis specific to the DGR
project, rather than the scaled estimates as illustrated in the Radiation and Radioactivity TSD Appendix D2 for the air
pathway of C-14.
b) Provide a sample dose calculation for each pathway described in part a.
Context:
A scaling method has been used for the dose estimate by creating a factor from the expected releases of the DGR and
the known releases of the current Bruce site. This factor was used to scale the calculated dose to members of the public
from the Bruce site, to estimate for dose to members of the public from the DGR.
This approach is not as precise as completing an independent detailed pathways analysis for the DGR site. An example
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of such a pathways analysis can be found in CSA document N288.1 (CSA 2008). This would ensure that any differences
between the DGR site and the Bruce site are accounted for and the dose to members of the public has been adequately
modelled.
As each pathway is treated differently, a sample calculation for a C-14 release rate and estimated dose through the air
pathway does not provide any information on how the remainder of the pathway analysis was completed. A sample
calculation for each pathway would assist in the evaluation of the completeness and reliability of the dose calculations.
OPG Response:
Doses to members of the public resulting from the operation of the DGR were estimated based on a detailed pathway
analysis specific to DGR Project. The estimates of doses to members of the public, represented by potential critical
groups, were made using IMPACT code (Version 5.4.0), which is fully consistent with the CSA N288.1-08 standard (CSA
2008). Details of the dose calculations are provided below. A scaling method was not used in the results presented
below.
DGR Emissions
The maximum annual emissions to air and water during normal operation of the DGR Project, estimated in the
Preliminary Safety Report (OPG 2011, Section 7.4.2), were used for the dose calculation. The maximum emission rates
are provided in Table 1.
Table 1: Maximum Release Rates during Normal Operation of the DGR Project
Radionuclide
Airborne
Tritium
Carbon-14
Waterborne
Tritium
Carbon-14

Maximum Release Rates (Bq/a)
1.4 × 1013
1.9 × 1012
1.1 × 1011
1.3 × 105

Potential Critical Groups and Age Classes
Nine potential critical groups have been identified to represent the most affected members of the general public who are
expected to be exposed to radiation resulting from the operation of nuclear facilities at Bruce nuclear site, including the
DGR. These potential critical groups, along with their characteristics, which were based on 2007 Bruce site specific
survey, are described in Bruce Power’s Radiological Environmental Monitoring Program (BRUCE POWER 2012, Section
4.12).
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For each potential critical group, except workers in Bruce Energy Centre (BEC) where there are only adults, three age
classes were considered for the dose assessment purpose, that is, 1 year old infant, 10 year old child, and adult. These
three age classes adequately represent the population (ICRP 2007), and are the age classes recommended in CSA
N288.1-08 (CSA 2008).
IMPACT 5.4.0
The computer code IMPACT, which stands for Integrated Model for Probabilistic Assessment of Contaminant Transport,
was used to estimate doses to potential critical groups. IMPACT was developed under the contract to CANDU Owners
Group (COG) and is a customizable tool that allows the user to assess the transport and fate of contaminants released
from nuclear facilities such as the DGR through a user-specified environment. It also enables the quantification of the
human dose to those environmental contaminants. It covers all of the potential exposure and release scenarios,
including atmospheric and aquatic pathways that are in the CSA N288.1-08 standard (CSA 2008). IMPACT Version
5.4.0, released in 2009, is the latest version of the code. This version fully implements the models of the CSA N288.1-08
standard and its recommended parameter values.
The facility-specific characteristics of the emission sources at the DGR Project, along with five year (2006 to 2010)
meteorological data for Bruce nuclear site, was used as input parameters in the IMPACT code to model doses to
potential critical groups.
Exposure Pathways
The following exposure pathways have been considered to estimate doses to potential critical groups:













air inhalation/skin absorption;
air immersion (external exposure);
water ingestion;
water immersion (via swimming or bathing);
soil external exposure (soil ground shine);
soil ingestion(accidental);
sediment external exposure (beach ground shine);
sediment ingestion (accidental);
aquatic plant ingestion;
aquatic animal ingestion;
terrestrial plant ingestion; and
terrestrial animal ingestion.

These pathways are consistent with CSA N288.1-08 (CSA 2008). It should be noted that dose calculation for each
pathway is very complex. The method has been fully described in CSA N288.1-08 and was followed when calculating
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dose for each pathway using IMPACT. The results are presented below.
Results of Dose Calculation
The estimated doses to each of the nine potential critical groups for each pathway are provided in Table 2 through Table
10 (note: OBT refers to Organically Bound Tritium, and HTO refers to tritiated water). The total dose to each age class
for each potential critical group is summarized in Table 11. The locations of the critical groups are shown on
Figure 5.10-1 (AMEC NSS 2011).
Based on the results of the dose calculation, the critical group is an infant at BDF11 who is expected to receive an
annual dose of 0.7 µSv as the result of the DGR operation. This is consistent with the conclusion in the Radiation and
Radioactivity Technical Support Document (AMEC NSS 2011, Section 8.2.5.1) that “dose to members of the public
would be expected to be less than 1 μSv/a”.
Table 2: Doses (Sv/a) to Potential Critical Group for Different Pathways – BF14
Location

BF14

Age class
Radionuclide

Adult
C-14

Child-10y

HTO

OBT

Air (inhalation)

5.6×10

-10

Air (external)

4.5×10

-13

Water (ingestion)

7.6×10

-12

5.0×10

Water (external)

6.4×10

-17

7.2×10

1.0×10

-8

0

C-14

HTO

OBT

0

7.8×10

-10

0

4.5×10

-13

3.2×10
6.0×10

-9

0

5.4×10

-12

-11

0

6.4×10

-17

Infant-1y

1.2×10

-8

0

C-14

HTO

0

5.7×10

-10

0

4.5×10

-13

-9

0

-11

0

0
2.6×10

OBT

8.9×10

-9

0

0

0
-17

3.1×10

0
0

-11

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

0

0

0

0

0

0

0

0

0

Sediment (external)

0

0

0

0

0

0

0

0

0

Aquatic plants
Aquatic animals

0
6.3×10

0
-12

2.4×10

0
-11

1.0×10

-7

Terrestrial animals

2.4×10

-7

6.8×10

Radionuclide dose

3.4×10

-7

1.9×10

Terrestrial plants

Total dose

-11

6.1×10

0
-12

2.1×10

8.3×10

-10

8.7×10

-8

-10

4.2×10

-10

1.5×10

-7

3.9×10

-8

1.3×10

-9

2.4×10

-7

3.4×10

-9

0

1.0×10

-7

3.6×10
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0
-11

-12

3.6×10

0
-12

1.3×10

0
-11

6.0×10

-12

-9

5.9×10

-10

-10

2.2×10

-10

8.1×10

-10

7.0×10

-10

7.0×10

-8

-10

2.6×10

-10

1.2×10

-7

3.4×10

1.8×10

-8

9.7×10

-10

1.9×10

-7

1.1×10

-8

2.6×10

-7

2.1×10

-7

2.2×10

-9

0

9.9×10

2.2×10
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Table 3: Doses (Sv/a) to Potential Critical Group for Different Pathways – BF1
Location

BF1

Age class
Radionuclide

Adult
C-14

HTO

Child-10y
OBT

Air (inhalation)

1.3×10

-10

Air (external)

1.0×10

-13

Water (ingestion)

1.8×10

-12

1.2×10

Water (external)

1.5×10

-17

1.7×10

2.4×10

-9

0

C-14

HTO

0

1.8×10

-10

0

1.0×10

-13

-9

0

1.3×10

-12

-11

0

1.5×10

-17

Infant-1y
OBT

2.8×10

-9

0

C-14

HTO

0

1.3×10

-10

0

1.0×10

-13

7.5×10

-10

0

1.4×10

-11

0

0
6.3×10

OBT

2.0×10

-9

0

0

0
-18

7.5×10

0
0

-12

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

Sediment (ingestion)

0

0

0

0

0

0

0

0

0

Sediment (external)

0

0

0

0

0

0

0

0

0

Aquatic plants
Aquatic animals

0
6.3×10

0
-12

-11

-9

2.5×10

-10

-10

1.3×10

-10

4.0×10

-10

2.1×10

Terrestrial animals

7.4×10

-8

1.1×10

-7

0

1.0×10

1.0×10

3.1×10

Total dose

0
-11

-8

Terrestrial plants
Radionuclide dose

2.4×10

4.8×10

-9

1.1×10

-7

875

0
-12

0

2.1×10

-11

2.7×10

-8

4.6×10

-8

7.3×10

-8

6.1×10

0

9.9×10

-12

6.9×10

-10

2.2×10

-10

1.2×10

-10

8.0×10

-11

3.1×10

-10

4.4×10

-9

7.8×10

-8

0
-12

0

1.3×10

-11

6.0×10

-12

2.2×10

-8

6.9×10

-10

1.8×10

-10

3.8×10

-8

1.0×10

-10

6.7×10

-11

6.0×10

-8

2.9×10

-9

2.5×10

-10

6.3×10

-8

3.6×10
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Table 4: Doses (Sv/a) to Potential Critical Group for Different Pathways – BR1
Location

BR1

Age class
Radionuclide

Adult
C-14

Child-10y

HTO

OBT

C-14

HTO

Air (inhalation)

6.1×10

-10

Air (external)

5.0×10

-13

Water (ingestion)

6.4×10

-12

Water (external)

7.3×10

-17

Soil (ingestion)

9.5×10

-18

Soil (external)

5.3×10

-18

0

0

5.3×10

-18

Sediment
(ingestion)

1.8×10

-15

0

0

2.4×10

Sediment (external)

3.4×10

-18

0

0

3.4×10

0

0

Aquatic plants
Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

0
1.2×10

-11
-8

6.8×10
2.9×10

-7

3.6×10

-7

1.1×10-8

0

8.5×10

-10

0

0

5.0×10

-13

0

4.5×10

-12

0

7.3×10

-17

0

1.3×10

-17

1.5×10
4.2×10

-8

-10

0

4.5×10

-11

3.5×10

-9

1.3×10

-9

3.1×10

-8

-11

6.7×10

-10

8.2×10

-10

1.5×10

-7

3.9×10

876

-9

1.1×10

1.3×10

-8

0

C-14

HTO

0

6.3×10

-10

0

5.0×10

-13

OBT

9.7×10

-9

0

0
0

-9

0

-10

0

2.4×10

-17

0

0

9.5×10

-18

0

0

0

0

5.3×10

-18

0

0

-15

0

0

1.8×10

-15

0

0

-18

0

0

3.4×10

-18

0

0

0

1.9×10

Infant-1y
OBT

-11

5.6×10

-8

2.0×10

-7

2.6×10

-7

9.5×10
3.5×10

3.9×10

-11

2.4×10
8.0×10

-9

-10

2.6×10

-8

2.9×10

-7

0

0

0

1.8×10

-11

5.4×10

-10

5.4×10

-10

1.1×10

-9

6.6×10

-12

4.7×10

-8

1.7×10

-7

2.2×10

-7

9.6×10

0
-11

0

0

0

0

0
-11

1.1×10

-11

-9

4.7×10

-10

-10

4.7×10

-10

1.3×10

-8

9.5×10

-10

2.3×10

-7

2.4×10

2.3×10
7.6×10
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Table 5: Doses (Sv/a) to Potential Critical Group for Different Pathways – BR11
Location

BR11

Age class
Radionuclide

Adult
C-14

Air (inhalation)

8.0×10

-10

Air (external)

6.6×10

-13

Water (ingestion)

8.1×10

-12

9.3×10

-17

Water (external)

Child-10y

HTO

OBT

1.5×10

-8

0
1.4×10
4.0×10

-8

-10

C-14

HTO
-9

0

1.1×10

0

6.6×10

-13

0

5.8×10

-12

9.3×10

-17

0

1.7×10

-8

0

C-14

HTO

0

8.3×10

-10

0

6.6×10

-13

-9

0

-10

0

8.9×10
3.4×10

Infant-1y
OBT

0
3.1×10

OBT

1.3×10

-8

0
0

-17

8.9×10

0
0
0

-11

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

1.8×10

-15

0

0

2.4×10

-15

0

0

1.8×10

-15

Sediment (external)

3.4×10

-18

0

0

3.4×10

-18

0

0

3.4×10

-18

0

0

0

0

Aquatic plants
Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

0
1.2×10

-11

7.2×10

-8

3.1×10

-7

3.9×10

-7

4.5×10

-11

3.5×10

-9

1.3×10

-9

3.4×10

-8

0

1.9×10

-11

6.6×10

-10

8.6×10

-10

1.5×10

-7

4.2×10

877

-9

7.1×10

-12

5.9×10

-8

2.2×10

-7

2.8×10

-7

2.5×10

-11

2.3×10
8.3×10

-9

-10

3.0×10

-8

3.1×10

-7

0

1.2×10

-11

5.4×10

-10

5.6×10

-10

1.1×10

-9

6.6×10

-12

5.0×10

-8

1.8×10

-7

2.3×10

-7

0

0

0

0
-11

1.1×10

-11

-9

4.7×10

-10

-10

4.9×10

-10

1.6×10

-8

9.7×10

-10

2.5×10

-7

2.4×10

2.3×10
8.0×10
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Table 6: Doses (Sv/a) to Potential Critical Group for Different Pathways – BR22
Location

BR22

Age class
Radionuclide

Adult
C-14

Air (inhalation)

6.0×10

-10

Air (external)

4.9×10

-13

Water (ingestion)

6.3×10

-12

7.2×10

-17

Water (external)

Child-10y

HTO

OBT

1.1×10

-8

0
1.2×10
3.7×10

-8

-10

C-14

HTO

0

8.5×10

-10

0

4.9×10

-13

0

4.5×10

-12

7.2×10

-17

0

1.3×10

-8

0

C-14

HTO

0

6.2×10

-10

0

4.9×10

-13

-9

0

-10

0

7.8×10
3.1×10

Infant-1y
OBT

0
2.4×10

OBT

9.6×10

-9

0
0

-17

7.8×10

0
0
0

-11

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

1.8×10

-15

0

0

2.4×10

-15

0

0

1.8×10

-15

Sediment (external)

3.4×10

-18

0

0

3.4×10

-18

0

0

3.4×10

-18

0

0

0

0

Aquatic plants
Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

0
1.2×10

-11

5.7×10

-8

2.5×10

-7

3.1×10

-7

4.5×10

-11

2.9×10

-9

1.1×10

-9

2.8×10

-8

0

1.9×10

-11

5.4×10

-10

6.9×10

-10

1.3×10

-7

3.4×10

878

-9

1.1×10

-11

4.7×10

-8

1.7×10

-7

2.2×10

-7

3.9×10

-11

1.9×10
6.7×10

-9

-10

2.4×10

-8

2.4×10

-7

0

1.8×10

-11

4.4×10

-10

4.5×10

-10

9.1×10

-10

6.6×10

-12

4.0×10

-8

1.4×10

-7

1.8×10

-7

0

0

0

0
-11

1.1×10

-11

-9

3.8×10

-10

-10

3.9×10

-10

1.2×10

-8

7.9×10

-10

2.0×10

-7

2.4×10

1.9×10
6.4×10
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Table 7: Doses (Sv/a) to Potential Critical Group for Different Pathways – BR27
Location

BR27

Age class
Radionuclide

Adult
C-14

Air (inhalation)

4.6×10

-10

Air (external)

3.8×10

-13

Water (ingestion)

5.1×10

-12

5.8×10

-17

Water (external)

Child-10y

HTO

OBT

8.5×10

-9

0
1.1×10
3.5×10

-8

-10

C-14

HTO

0

6.5×10

-10

0

3.8×10

-13

0

3.6×10

-12

5.8×10

-17

0

1.0×10

-8

0

C-14

HTO

0

4.8×10

-10

0

3.8×10

-13

-9

0

-10

0

7.1×10
2.9×10

Infant-1y
OBT

0
2.0×10

OBT

7.4×10

-9

0
0

-17

7.0×10

0
0
0

-11

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

1.8×10

-15

0

0

2.4×10

-15

0

0

1.8×10

-15

Sediment (external)

3.4×10

-18

0

0

3.4×10

-18

0

0

3.4×10

-18

0

0

0

0

Aquatic plants
Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

0
1.2×10

-11

3.0×10

-8

1.3×10

-7

1.6×10

-7

4.5×10

-11

1.7×10
7.5×10

-9

-10

2.2×10

-8

1.8×10

-7

0

1.9×10

-11

3.3×10

-10

4.8×10

-10

8.3×10

-10

879

1.1×10

-11

2.5×10

-8

9.0×10

-8

1.1×10

-7

3.9×10

-11

1.1×10
4.6×10

-9

-10

1.9×10

-8

1.3×10

-7

0

1.8×10

-11

2.6×10

-10

3.1×10

-10

6.0×10

-10

6.6×10

-12

2.1×10

-8

7.5×10

-8

9.6×10

-8

0

0

0

0
-11

1.1×10

-11

-9

2.3×10

-10

-10

2.8×10

-10

9.1×10

-9

5.2×10

-10

1.1×10

-7

2.4×10

1.1×10
4.4×10
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Table 8: Doses (Sv/a) to Potential Critical Group for Different Pathways – BR32
Location

BR32

Age class
Radionuclide

Adult
C-14

Air (inhalation)

3.0×10

-10

Air (external)

2.5×10

-13

Water (ingestion)

3.6×10

-12

4.1×10

-17

Water (external)

Child-10y

HTO

OBT

5.6×10

-9

0
9.7×10
3.2×10

-9

-10

C-14

HTO

0

4.3×10

-10

0

2.5×10

-13

0

2.6×10

-12

4.1×10

-17

0

6.5×10

-9

0

C-14

HTO

0

3.1×10

-10

0

2.5×10

-13

-9

0

-10

0

6.3×10
2.7×10

Infant-1y
OBT

0
1.4×10

OBT

4.8×10

-9

0
0

-17

6.1×10

0
0
0

-11

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

1.8×10

-15

0

0

2.4×10

-15

0

0

1.8×10

-15

Sediment (external)

3.4×10

-18

0

0

3.4×10

-18

0

0

3.4×10

-18

0

0

0

0

Aquatic plants
Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

0
1.2×10

-11

2.5×10

-8

1.1×10

-7

1.3×10

-7

4.5×10

-11

1.5×10
6.7×10

-9

-10

1.8×10

-8

0

1.9×10

-11

2.8×10

-10

4.4×10

-10

7.4×10

-10

-7

1.5×10

880

1.1×10

-11

2.0×10

-8

7.3×10

-8

9.4×10

-8

3.9×10

-11

9.9×10

-10

4.1×10

-10

1.5×10

-8

1.1×10

-7

0

1.8×10

-11

2.3×10

-10

2.8×10

-10

5.3×10

-10

6.6×10

-12

1.7×10

-8

6.1×10

-8

7.8×10

-8

0

0

0

0

2.4×10

-11

1.1×10

-11

9.9×10

-10

2.0×10

-10

4.0×10

-10

2.5×10

-10

6.3×10

-9

4.6×10

-10

8.5×10

-8

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Table 9: Doses (Sv/a) to Potential Critical Group for Different Pathways – BDF11
Location

BDF11

Age class
Radionuclide

Adult
C-14

Air (inhalation)

1.0×10

-10

Air (external)

8.5×10

-14

Water (ingestion)

1.7×10

-12

1.2×10

-17

Water (external)

Child-10y

HTO

OBT

1.9×10

-9

0
1.4×10
1.7×10

-9

-11

C-14

HTO

Infant-1y
OBT

0

1.5×10

-10

0

8.5×10

-14

0

1.2×10

-12

8.8×10

-10

0

1.2×10

-17

1.4×10

-11

0

0

2.3×10

-9

0

C-14

HTO

0

1.1×10

-10

0

8.5×10

-14

0
5.1×10

OBT

1.7×10

-9

0
0

-18

7.6×10

0
0
0

-12

0

Soil (ingestion)

0

0

0

0

0

0

0

0

0

Soil (external)

0

0

0

0

0

0

0

0

0

Sediment
(ingestion)

0

0

0

0

0

0

0

0

0

Sediment (external)

0

0

0

0

0

0

0

0

0

Aquatic plants

0

0

0

0

0

0

0

0

0

Aquatic animals
Terrestrial plants
Terrestrial animals
Radionuclide dose
Total dose

4.8×10

-12

4.3×10

-8

3.2×10

-7

3.7×10

-7

1.8×10

-11

2.4×10

-9

1.8×10

-9

7.5×10

-9

7.9×10

-12

3.6×10

-10

4.8×10

-10

8.5×10

-10

-7

3.7×10

881

4.6×10

-12

3.3×10

-8

3.6×10

-7

3.9×10

-7

1.6×10

-11

1.6×10

-9

2.1×10

-9

6.9×10

-9

4.0×10

-7

7.5×10

-12

2.8×10

-10

4.7×10

-10

7.5×10

-10

2.7×10

-12

2.8×10

-8

6.9×10

-7

7.1×10

-7

-12

4.6×10

-12

1.5×10

-9

2.4×10

-10

4.8×10

-9

8.2×10

-10

8.0×10

-9

1.1×10

7.2×10

-7

9.9×10

-9
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Table 10: Doses (Sv/a) to Potential Critical Group for Different Pathways – BEC Workers
Location

BEC

Age class

Adult

Radionuclide

C-14

HTO

Air (inhalation)

9.6×10

-11

Air (external)

7.8×10

-14

1.8×10

OBT
-9

0

0

0

Water (ingestion)

0

0

0

Water (external)

0

0

0

Soil (ingestion)

0

0

0

Soil (external)

0

0

0

Sediment (ingestion)

0

0

0
0

Sediment (external)

0

0

Aquatic plants

0

0

0

Aquatic animals

0

0

0

Terrestrial plants

0

0

0

Terrestrial animals

0

0

0

Radionuclide dose
Total dose

882

9.6×10

-11

1.8×10

-9

1.9×10

-9

0
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Table 11: Estimated Doses to Potential Critical Groups
Location

BF 14

BF1

BR1

BR11

BR22

883

Age Class

Total dose (Sv/a)

Adult

3.6 × 10-7

Child-10y

2.6 × 10-7

Infant-1y

2.1 × 10-7

Adult

1.1 × 10-7

Child-10y

7.8 × 10-8

Infant-1y

6.3 × 10-8

Adult

3.9 × 10-7

Child-10y

2.9 × 10-7

Infant-1y

2.3 × 10-7

Adult

4.2 × 10-7

Child-10y

3.1 × 10-7

Infant-1y

2.5 × 10-7

Adult

3.4 × 10-7

Child-10y

2.4 × 10-7

Infant-1y

2.0 × 10-7
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BR27

BR32

BDF11

BEC

Adult

1.8 × 10-7

Child-10y

1.3 × 10-7

Infant-1y

1.1 × 10-7

Adult

1.5 × 10-7

Child-10y

1.1 × 10-7

Infant-1y

8.5 × 10-8

Adult

3.7 × 10-7

Child-10y

4.0 × 10-7

Infant-1y

7.2 × 10-7

Adult

1.9 × 10-9

References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2012. Annual Summary & Assessment of Environmental & Radiological Data for 2011. Bruce Power
report B-REP-07000-00004-R00. (available at http://www.brucepower.com/category/reports/environmentalreports/environmental-radiological-data/)
CSA. 2008. Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne and Liquid Effluents
for Normal Operation of Nuclear Facilities. Canadian Standards Association N288.1-08.
ICRP. 2007. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP
Publication 103.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report,
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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Information Request:
a) Provide the estimated doses, including the details of the calculations, to the drill crew and to a future person living
and farming on the DGR site for the Human Intrusion Scenario.
b) If calculated doses are confirmed to be at or above 1mSv/a, provide information concerning the mitigation measures
required to reduce the probability and/or the consequence of human intrusion.
Context:
The TSD states that the calculated doses could be about 1 mSv/a for the drill crew or a future person living and farming
on the contaminated site for the Human Intrusion Scenario. Estimated doses to members of the public at or above the
Radiation Protection Regulations (Government of Canada 2000) dose limit of 1 mSv/a indicate the necessity of additional
mitigation measures built into the design of the DGR.
Postclosure Safety Assessment, section 7.2.1, page 185 states: "Detailed modelling has shown that contaminants could
only be released from the repository through the borehole if the intruding borehole penetrated through the repository and
was continued down into the pressurized Cambrian rocks and was not appropriately sealed (see Sections 6.1 and 6.2 of
GEOFIRMA 2011). In this highly improbable case, the peak calculated dose to an adult member of the Site Resident
Group would be around 30 mSv/a, occurring after 400 years"
OPG Response:
a) Estimated Doses for the Human Intrusion Scenario
The Human Intrusion Scenario calculations are summarized in the Preliminary Safety Report (OPG 2011, Section 8.7.1),
and details are provided in the Analysis of Human Intrusion and Other Disruptive Scenarios report (QUINTESSA and
SENES 2011, Chapter 2).
It is assumed in this scenario that a drill crew drills a borehole into the repository after the repository has been closed.
The estimated doses for the drill crew, a future resident (a person living on the site and using soil contaminated with drill
core debris), and other critical groups due to surface release of gas and drill core debris are given in Figure 8-36 of OPG
(2011) (also Table 2.7 and Figure 2.14 of QUINTESSA and SENES 2011). Figure 8-36 is reproduced below.
Conservatively it is assumed that the contaminated drill core debris is left on the site, and the borehole is abandoned and
poorly sealed (contrary to current regulations). The maximum calculated dose is about 1 mSv to a future resident and
decreases with time.
In the unlikely event that the borehole is further drilled another few hundred metres past the repository to the Cambrian
Formation, and the borehole is not properly sealed, then there is flow of pressurized saline groundwater from the
Cambrian Formation through the borehole, into the repository, and eventually up the borehole to the shallow
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groundwater. In this case the calculated dose to a future resident peaks at approximately 30 mSv/a at 400 years after
repository closure (OPG 2011, Section 8.7.1.3).
1.E+01
Dose f rom Natural Background Radiation

1.E+00
Calculated Effective Dose (mSv/a)

IR#

Dose Criterion

Nb-94

1.E-01
1.E-02
1.E-03

Cl-36

1.E-04

Drill Crew

Zr-93

Laboratory Technician

1.E-05

Nearby Resident
Future Resident

1.E-06
100

1,000

10,000

100,000

1,000,000

Time (a)

End of institutional control (300 a)

Figure 8-36: Calculated Doses, as a Function of the Time of Intrusion, for the Human Intrusion Base Case
Surface Release (from OPG 2011)
b) Measures to Reduce the Probability and/or the Consequence of Human Intrusion
According to CNSC Guidelines G-320 (CNSC 2006, Section 7.5.2), “Scenarios concerning inadvertent human intrusion
into a waste facility could predict doses that are greater than the regulatory limit. Such results should be interpreted in
light of the degree of uncertainty associated with the assessment, the conservatism in the dose limit, and the likelihood of
the intrusion. Both the likelihood and the risk from the intrusion should therefore be reported.”
The calculated doses presented above would arise only if the intrusion event into the DGR actually occurs, and if the
drilling operation is handled poorly (and contrary to current regulations), and if people live and farm directly on the drill
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site. This combination is highly unlikely. The cumulative likelihood of deep borehole drilling at the site will increase with
time, but also the consequences will decrease with time due to radioactive decay as shown in Figure 8-36 above.
Mitigation measures have been included in the DGR design to reduce the probability of human intrusion:





Placing the DGR at depth of about 680 m, far below the depth of casual construction excavation or easy drilling;
Placing the DGR in a location with low potential for natural resources (minerals, salt, gas);
Placing the DGR at a depth where there is no potable water (below 170 m from surface).

In addition, following closure of the repository, institutional controls will be put in place to reduce the likelihood of future
inadvertent intrusion. Institutional controls refer to societal memory, and those land use restrictions that would be put in
place by municipal, provincial and/or federal governments and agencies, to minimize the likelihood of intrusion. For
example, deep drilling anywhere in Ontario requires permits from the provincial government; the Province could therefore
prevent deep drilling at the DGR site. Other controls could include fences and markers to ensure that future generations
are aware that radioactive waste is stored deep underground at the DGR site. The specific nature of these controls
would be determined in the future as part of the planning for a site decommissioning licence. The dose consequence
modelling shown in Figure 8-36 above assumes that these controls are only effective for 300 years, consistent with
international practice (see also OPG’s response to Information Request EIS-05-194 (OPG 2012)). They could be
effective for longer.
The calculated dose consequences are also considered conservative because:




It is assumed that the drilling is handled poorly, allowing the drill core debris to spread on site contrary to current
regulations;
It is assumed that the borehole and site are improperly abandoned, contrary to current regulations;
It is assumed that people live on and farm directly on the contaminated site after the intrusion.

The likelihood of future human intrusion cannot be estimated with precision, however simple estimates suggest the
likelihood of a random deep borehole inadvertently intercepting the repository is about 10-5/a (OPG 2011, Section
8.7.1.3). Based on the calculated doses from either case described above, and the conservative assumptions as
explained above, the risk of health effects due to inadvertent human intrusion is expected to be much less than the
reference value of 10-5/a (OPG 2011, Section 8.1.2).
As summarized above, based on information in Section 8.7.1 of OPG (2011) and Chapter 2 of QUINTESSA and SENES
(2011), the dose, likelihood and risk have been estimated. The design includes mitigation measures to reduce the
likelihood, and conservative assumptions were used in estimating dose. Inadvertent human intrusion is an unlikely
scenario, and the risk is shown to be low.
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CNSC. 2006. Regulatory Guide G-320, Assessing the Long Term Safety of Radioactive Waste Management.
Canadian Nuclear Safety Commission.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-06-247

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
a) Provide an estimated dose to members of the public, including the calculations, for the Severe Shaft Failure
Scenario.
b) If calculated doses are confirmed to be at or above 1mSv/a, provide information concerning the mitigation measures
required to reduce the probability and/or the consequences of severe shaft failure.
Context:
The TSD states that the maximum calculated doses are about 1 mSv/a for members of the public for the Severe Shaft
Failure Scenario. Estimated doses to members of the public at or above the Radiation Protection Regulations
(Government of Canada 2000) dose limit of 1 mSv/a indicate the necessity of additional mitigation measures built into
the design of the DGR.
Postclosure Safety Assessment, section 7.2.2, page 189 states: “The assumptions for the degradation of the shaft seals
in the SF-ED case result in a calculated dose to an adult member of the Site Resident Group that reaches about
80 mSv/a after around 3800 years.”
OPG Response:
a) Estimated Doses for the Severe Shaft Seal Failure Scenario
The Severe Shaft Seal Failure Scenario calculations are summarized in the Preliminary Safety Report (OPG 2011,
Section 8.7.2), and details are provided in the Analysis of Human Intrusion and Other Disruptive Scenarios report
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(QUINTESSA and SENES 2011, Chapter 3). It is conservatively assumed that a family is living and farming directly
above the repository.
In the base case SF-BC, the shaft seal was assumed to quickly degrade at closure to a value about 100 times more
permeable than the reference design (which has a hydraulic conductivity of about 10-11 m/s), and the rock damaged zone
around the shafts was also assumed to be 10-100 times more permeable. This degradation occurred across the entire
500 m of the shaft, and was assumed to affect all the concrete, asphalt and bentonite/sand seals. The calculated annual
dose to a family assumed to be living directly above the repository is given in Figure 8-40 of OPG (2011) (also Figure 3.6
of QUINTESSA and SENES 2011). The maximum calculated dose for the base case is 1.1 mSv/a after about 23,000
years, mostly due to dissolved C-14 gas in the groundwater.
In the variant SF-ED case, the entire shaft seal was assumed to quickly degrade at closure to a hydraulic conductivity of
10-7 m/s, about 10,000 times more permeable than the reference design shaft seal. The maximum calculated dose for
this case is 80 mSv/a, due to both inhalation of C-14 gas in the house (assumed located on a shaft) and due to dissolved
C-14 gas in the groundwater-to-food pathway.
b) Measures to Reduce the Probability and/or the Consequence of the Shaft Seal Failure
The Severe Shaft Seal Failure Scenario is a “Disruptive Event Scenario”. As identified in CNSC Guidelines G-320,
“Disruptive event scenarios postulate the occurrence of unlikely events or situations leading to possible penetration of
barriers and abnormal loss of containment” (CNSC 2006, Section 7.5.2).
The criteria for acceptance of disruptive scenarios is defined in the Preliminary Safety Report (OPG 2011, Section 8.1.2).
“A tiered approach is adopted for disruptive scenarios, recognizing that some scenarios are very unlikely or “what if”
scenarios intended to test the robustness of the repository system. First, a dose criterion of 1 mSv/a is used for
radiological exposure of humans under credible scenarios. Second, if calculated doses exceed 1 mSv/a for a scenario,
the acceptability of results from that scenario is examined on a case-by-case basis, taking into account the likelihood and
nature of the exposure, uncertainty in the assessment, and conservatism in the dose criterion. Where the probability of
exposure can be quantified without excessive uncertainty, a measure of risk can be calculated based on the probability
of exposure and the health effects if the exposure occurs. As a general guide, this can be compared with a reference
health risk value of 10-5/a.” The postclosure safety criteria were accepted by the CNSC (OPG 2008, CNSC 2008).
The calculated doses presented above would arise only if the shaft seal failure actually occurs and if people live on the
site with their house over a shaft and if they farm and use well water on the site. This combination is highly unlikely. The
cumulative likelihood of shaft seal failure may increase with time, but also the consequences will decrease with time due
to radioactive decay of C-14 (5700 year half-life).
Mitigation measures have been included in the DGR design to reduce the probability and magnitude of potential shaft
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seal degradation:








Removal of the concrete liner and the highly-damaged rock zone around the shafts through the Ordovician and
Silurian sediments;
Use of 500 m of low-permeability shaft seal materials;
Use of different types of durable, low-permeability materials to provide independent sealing performance;
Not backfilling the repository in order to maximize the void space and therefore minimize the repository gas
pressure;
Locating shafts to maximize their separation from the repository;
Large concrete monolith placed at closure to fill the shaft base and shaft station areas to provide structural
support to shaft seals and to isolate shafts from repository waste emplacement rooms;
Use of quality control measures during backfilling of the shaft to ensure materials are emplaced to appropriate
densities.

In addition, the following natural mitigation features exist at the site, but were conservatively not included in the analysis:



The permeable Guelph and Salina A1 Formations provide a lateral sink for gases moving up the assumed
degraded shaft seal;
The large stable carbon content in the limestone and shale rock provides a sink for C-14 in water or gas through
isotopic exchange or precipitation.

The likelihood of the calculated doses occurring is also reduced because of the following conservative assumptions:





Family is living on the site, growing their own food and getting water from a local well;
th
Dietary intake rates are generally 90 percentile values;
The house and garden are located directly over the shafts;
Instant (rather than gradual) degradation of the shaft seals.

The likelihood of severe shaft seal failure cannot be estimated with precision. It could occur as a result of unexpected
physical, chemical and/or biological processes that cause much more extensive degradation of materials than are
anticipated in the Normal Evolution Scenario (QUINTESSA and SENES 2011, Section 3.5.3). However, these
processes are very unlikely due to the stability of the deep geosphere at the repository site as demonstrated by site
characterization evidence. Also, geomechanical modelling of the shaft indicates that seismic shaking due to large
earthquakes has little effect (OPG 2011, Section 4.5.4.2). Glaciation conditions might cause unexpected damage
leading to shaft seal failure; however by the time of first ice sheet coverage of the site in 60,000 years or more, the C-14
would have largely decayed and the consequences of shaft seal failure would be small.
For the base case, if the likelihood of severe shaft failure is less than 0.1/a, then the risk of serious health effects is less
than the reference health risk value of 10-5/a (QUINTESSA and SENES 2011, Section 3.5.2.1), based on a health risk of
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0.057/Sv as recommended by the ICRP (2007) and a peak calculated dose of 1.1 mSv. The probability of instant severe
shaft seal degradation combined with a house positioned directly above one of the shafts can reasonably be considered
to be significantly lower than this.
As summarized above, and in Section 8.7.2 of OPG (2011), the dose, likelihood and risk have been estimated. The
design includes mitigation measures to reduce the likelihood, and conservative assumptions were used in estimating
dose. Severe shaft seal failure is an unlikely scenario, and the risk is shown to be low.
References:
CNSC. 2006. Regulatory Guide G-320, Assessing the Long Term Safety of Radioactive Waste Management.
Canadian Nuclear Safety Commission.
CNSC. 2008. CNSC Letter, K. Klassen to K. Nash, “Deep Geologic Repository (DGR) - Proposed Acceptance Criteria
for Postclosure Safety Assessment”, CD# 00216-CORR-00531-00051, August 20, 2008.
ICRP. 2007. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP
Publication 103.
OPG. 2008. OPG Letter, K. Nash to K. Klassen, “Deep Geologic Repository for Low and Intermediate Level Waste Proposed Acceptance Criteria”, CD# 00216-CORR-00531-00044, May 20, 2008.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001-R000. Toronto Canada. (CEAA Registry Doc# 300)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-06-248

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide dose estimates for each of the Malevolent Acts Scenarios described in Section 6 of the Malfunctions, Accidents
and Malevolent Acts TSD.
Context:
Malevolent Acts Scenarios described in the TSD include: deliberately driving a forklift into a package or dropping a
package during handling; pushing a package or vehicle into the shaft; setting waste packages on fire; a person using an
explosive or incendiary device; remote military-style attack from the site boundary; and an aircraft crash. Dose estimates
for members of the public and any mitigation measures related to these scenarios that may be indicated by the estimated
doses would assist in the evaluation of the completeness of the assessment.
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OPG Response:
Dose estimates for members of the public for the Malevolent Acts scenarios described in Section 6 of the Malfunctions,
Accidents and Malevolent Acts Technical Support Document (AMEC NSS 2011) are summarized in Section 6.3.2 of
AMEC NSS (2011). Details are given below. A member of the public was conservatively assumed to be at the nearest
Bruce nuclear site boundary from the Deep Geologic Repository (DGR). The estimates are the “one time” dose as a
direct result of the malevolent act. For context, the public dose criterion as a result of abnormal operating conditions or a
credible accident during the operational period is 1 mSv (OPG 2011, Section 7.1.2.1).
a) Deliberately driving a forklift into a package or dropping a package during handling
If a forklift was deliberately driven into a waste package or a waste package was deliberately dropped during
handling, the radiological consequence of this malevolent act would be limited to breach of the waste package
directly affected. The accidents involving breach of waste package(s) during DGR operation, referred to as “low
energy container breach”, were assessed in Section 7.5 of the Preliminary Safety Report (OPG 2011). The
maximum estimated dose is <0.001 mSv to a member of the public, due to breach of a low level waste (LLW) or an
intermediate level waste (ILW) package (OPG 2011, Tables 7-39 and 7-40).
b) Pushing a package or vehicle into the shaft
If a waste package or vehicle was pushed into the shaft during DGR operation, the radiological consequence of this
malevolent act would be limited to breach of the waste package directly affected or the number of waste packages in
the vehicle pushed into the shaft. An accident involving breach of waste package(s) in the main shaft during DGR
operation, referred to as “high energy container breach- cage fall”, was assessed in Section 7.5 of OPG (2011). The
maximum estimated dose is 0.004 mSv to a member of the public, due to breach of an ILW package in the shaft
(OPG 2011, Table 7-40).
c) Setting waste packages on fire
If the waste packages were deliberately set on fire during DGR operation, the radiological consequence of this
malevolent act would be limited to the number of waste packages set on fire. Accidents involving waste package fire
or emplacement room fire during DGR operation, referred to as “fire”, were assessed in Section 7.5 of OPG (2011).
The maximum estimated dose is 0.02 mSv to a member of the public, due to the emplacement room fire (OPG 2011,
Tables 7-39 and 7-40).
d) A person using an explosive or incendiary device
Explosives used for construction would be accounted for and removed from the site before DGR operation.
Therefore, this scenario would require the worker to smuggle explosives on-site, despite security measures at the
Bruce nuclear site. Consequences would be limited by the amount of explosives that an employee could smuggle
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into the DGR. For the purpose of this assessment it was hypothetically assumed that 100 kg of explosives (or
equivalent to about 160 kg of TNT) could be smuggled on-site and carried unobserved to the staging area in the
Waste Package Receiving Building (WPRB) or the underground shaft station.
It was further assumed that the WPRB held 24 LLW packages and 2 unshielded ILW packages. The potential
consequences were estimated using the methodology for preclosure accidents (OPG 2011, Section 7.5.3), similar to
that for the WPRB roof collapse scenario (OPG 2011, Appendix A.2.2.2). The source term was calculated by
Equation 7-5 of OPG (2011).
The consequences of an explosion were estimated based on experimental data on fragmentation of metal-andaqueous solutions due to a pressure impulse directed through the material and outward (NRC 1998, Section
3.3.1.3). The experimental data correlates the airborne release fraction (ARF) and respirable fraction (RF) to the
ratio of inert mass to the mass of high explosive, specifically, the TNT-equivalent mass, referred to as the mass ratio.
The ARF and RF decrease with increase in the mass ratio (NRC 1998, Table 3-6). The referenced data provides
estimates for mass ratios up to 24. On average, each LLW non-processible package weighs about 1450 kg and
each unshielded ILW package weighs about 4500 kg (OPG 2011, Table 5-7). The mass ratio for 24 LLW package
and 2 unshielded ILW package is, therefore, about 270 for a TNT equivalent mass of 160 kg. Consequently, using
data for a mass ratio of 24 effectively assumes much more explosives.
At a mass ratio of 24, the ARF was found to be 0.366 and the RF 0.0242 (NRC 1998, Table 3-6). All particles up to
30 µm in size were conservatively considered respirable. The damage ratio (DR) and the leakpath factor (LPF) were
conservatively set to 1. The public was assumed to be exposed for one hour at the nearest Bruce site boundary; the
atmospheric dispersion factor (ADF) for the public is given in Table 7-36 of OPG (2011).
The public dose due to breaching of waste packages (24 LLW packages and 2 unshielded ILW moderator resin
packages) in the WPRB staging area resulting from detonation of explosives was estimated to be 0.03 mSv.
For indicative purpose, breaching of 6 shielded ILW moderator resin packages (each package holding 2 resin liners)
due to detonation of explosives underground, the public dose was estimated to be about 0.8 mSv. Each shielded
ILW package (250 mm shield) weighs about 26,850 kg on average (OPG 2011, Table 5-7). Therefore, 6 shielded
packages yield a mass ratio of about 1000, much higher than 24, so this analysis is conservative.
e) Remote military-style attack from the site boundary
The DGR will be on a secure nuclear site, which already contains two 4-unit nuclear generating stations, their
support facilities, and surface facilities for handling and storage of low & intermediate level waste and used nuclear
fuel. Nuclear facilities are protected by a dedicated security force with support, if necessary, from external law
enforcement.
In the highly unlikely event that a remote military attack from the site boundary on the DGR were to occur during
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DGR operation, the radiological consequence of this malevolent act would be limited to the waste packages staged
at the WPRB. These packages may be breached or set on fire due to collapse or fire of the building due to the
remote military attack. As the wastes are emplaced underground, they become protected from attack by several
hundred metres of rock. The consequences would be similar to that of explosives brought on site and detonated in a
full WPRB. This is about 0.03 mSv as summarized above.
f)

Aircraft crash
If an aircraft were to crash into the WPRB during DGR operation, the radiological consequence of this malevolent act
would be limited to the number of waste packages in the building. These packages may be breached or set on fire
due to collapse or fire of the building due to an aircraft crash. As the wastes are emplaced underground, they
become protected from a crash by several hundred metres of rock. The consequences would be similar to that of
explosives brought on site and detonated in a full WPRB. This is about 0.03 mSv as summarized above.

In summary, the estimated public dose for each of the Malevolent Acts Scenarios given above is less than the acute
accident dose criterion of 1 mSv (OPG 2011, Section 7.1.2.1). Therefore, additional mitigation measures are not
discussed.
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report. OPG
report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NRC. 1998. Nuclear Fuel Cycle Facility Accident Analysis Handbook. U.S. Nuclear Regulatory Commission
NUREG/CR-6410. Reston, USA.
EIS-06-249

 Section 11.4.7,
Atmosphere

Information Request:
Explain and elaborate on the statement, on page 10 of the Atmospheric Environment TSD, that “A further precautionary
feature incorporated…is that the evaluation of potential effects is based on changes to the existing environment and not
solely on regulatory compliance. This captures and assesses changes to the existing environment that may fall outside
or below applicable regulatory frameworks.”
Provide specific information on any non-regulatory ‘triggers’ used to evaluate stressors in air.
As there are increases in the predicted Criteria Air Contaminants levels associated with project activities, provide an
explanation of how evaluations against non-regulatory frameworks are performed to adequately characterize the impacts
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to human health.
Context:
The TSD states that the air quality assessment is based on changes to the existing environment, and not solely on
comparison against regulatory frameworks and that a precautionary approach is employed.
In the EIS itself, the precautionary approach is described (for air) as involving the use of conservative emissions
scenarios, the results of which however, are compared against regulatory frameworks (Air Quality Standards).
While the emissions modeling may (or may not) be conservative, the evaluation of the resulting air quality appears to be
solely based on regulatory frameworks.
OPG Response:
Non regulatory triggers were used in both the second screening documented in the Atmospheric Environment Technical
Support Document (GOLDER 2011, Section 7) and in the identification and assessment of environmental effects
(GOLDER 2011, Section 8).
In the second screening (GOLDER 2011, Section 7), those works and activities that were determined to result in
quantifiable air emissions were considered to have the potential to cause a measurable change and were carried forward
to the next step of the assessment. Works and activities were carried forward at this stage even if the emissions met
relevant regulatory emissions criteria.
In the identification and assessment of environmental effects (GOLDER 2011, Section 8), all of the indicator compounds
where the predicted concentrations were determined to change from the existing conditions, as a result of the emissions
from the DGR Project, were identified as residual adverse effects, and carried forward for the assessment of
significance. Changes in air quality were determined to be adverse effects regardless of whether the predicted
concentrations were below the established regulatory criteria.
The use of regulatory criteria were relied on when assigning effects magnitudes for air quality as part of determining the
significance of residual adverse effects (GOLDER 2011, Section 11). In assigning magnitudes, however, the regulatory
criteria were only used directly to identify residual adverse effects of a high magnitude. Effects could still have been
assigned a “low” or “moderate” magnitude even if the maximum predicted concentrations were below the relevant
regulatory criteria.
The potential for changes in air quality to affect human health was considered in the human health effects assessment
(OPG 2011, Sections 6.11, 7.11 and Appendix C).
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-06-250

 Section 11.4.7,
Atmosphere

Information Request:
Provide a discussion of the NOx/VOC balance in the area, the atmospheric conditions (such as long-range flows) under
which the regular exceedances of ozone standards occur, and a more substantial qualitative discussion of the impact of
the project’s NOx emissions on ozone formation under the regional conditions which lead to exceedances of ozone
standards.
Context:
The EIS and TSD state that the project will have no effect on ozone levels given the regional nature of ozone in the area.
Ozone levels in the area routinely exceed the applicable air quality standards (Ministry of Environment 2012, page 2-3).
Given the high emissions of NOx associated with project activities further explanation will assist in the evaluation of the
defensibility of the conclusion regarding potential effects on levels of ozone and resulting potential health effects.
OPG Response:
NOx/VOC Balance
Information on the existing balance of NOX and VOCs in the area of the DGR Project is not readily available.
Atmospheric Conditions for Exceedances of Ozone Standard
It is acknowledged (MOE 2012) that long-range transport of ozone and ozone precursors (i.e., NOX and VOC) is an
important contribution to ozone levels in south-western Ontario. Despite the long-range transport of ozone, NOX and
VOCs from the United States, there is no evidence in the monitoring data (MOE 2012) that these contribute to the local
ozone concentrations regularly exceeding the ozone standards.
Section 5 and Appendix E to the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) provide
summaries of the existing air quality in the Regional Study Area, including ozone. As shown in Table 5.4.1-9, the 1-hour
ozone concentrations exceed the Ontario ambient air quality criteria (AAQC) values less than 2% of the time. These
findings are consistent with the recent Air Quality in Ontario Report for 2010 (MOE 2012), which indicates the 1-hour
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ozone concentrations in Tiverton for the period from 2008 through 2010 exceeded the AAQC just 0.1% of the time
(31 hours over 3 years). It is also illustrative to note that the 1-hour ozone concentrations in Barrie (the closest
community in Ontario with the same latitude with ozone data) exceeded the AAQC about one half as often as in Tiverton
for the same 3-year period (MOE 2012). The lower number of exceedances of the ozone AAQC in Barrie is despite the
community having higher local NOX emissions than Tiverton due to the traffic associated with Highway 400.
Effect of DGR Project Emissions on Ozone
Depending on the stage of activities, the NOX emissions during the site preparation and construction phase range
between 157.7 and 297.5 kg/d (GOLDER 2011, Table 8.2.3-1). During the operations phase, the NOX emissions would
be 35.54 kg/d. These project emissions are not expected to increase the number of times the AAQC for ozone is
exceeded in the area of the DGR Project. At the peak of the site preparation and construction phase, the NOX emissions
are comparable to the emissions from cars travelling the stretch of Highway 400 within Barrie. Therefore, given the
analogous situation in Barrie, it is not expected that the increase in NOX as a result of the DGR Project would result in a
local increase in the frequency of concentrations in excess of the AAQC for ozone.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DRG-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2012. Ontario Ministry of the Environment. Air Quality in Ontario Report for 2010.

EIS-06-251

 Section 11.4.7,
Atmosphere

Information Request:
Explain why the 1-hour CO level is less than 8-hour level.
Context:
In Table 6.7.5-6 of the EIS, 1-hour CO levels are less than 8 hour levels. 8-hour levels should not exceed 1-hour levels.
OPG Response:
The 1-hour and 8-hour CO concentrations are presented in Table 6.7.5-6 on page 6-174 of the Environmental Impact
Statement (EIS) (OPG 2011), Table 5.4.1-14 on page 66 of the Atmospheric Environment Technical Support Document
(TSD) (GOLDER 2011) and Table E8-3 on page E-59 of Appendix E to the Atmospheric Environment TSD (GOLDER
2011). When looking at the table, the 90th percentile 1-hour CO concentrations are lower than the 90th percentile 8-hour
CO concentrations, which might appear to be erroneous. However, the numbers reflect the manner in which the 1-hour
and 8-hour concentrations were calculated.
During each day, there were 24, 1-hour CO readings from which maximum and average concentrations can be
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determined. However, there is only a single 8-hour CO maximum concentration for each day. The background 1-hour
CO values were calculated based on the 90th percentile of the available hourly readings (32,500 hours for Kitchener,
15,751 hours for Sarnia and 56,562 hours for London). In contrast the background 8-hour CO was calculated based on
the 90th percentile of the available maximum daily 8-hour CO concentration (1,368 values for Kitchener, 662 values for
Sarnia and 2,393 values for London). Because the 8-hour CO value was calculated on the basis of the highest 8-hour
values for each day there were values, it represents a conservatively high estimate for the background 8-hour CO value
that was added to all of the model predictions.
An alternative approach for calculating the background 8-hour CO concentrations would have been to establish a
sequential set of 8-hour average concentrations from the available data, and then calculate the 90th percentile
background concentration from that data. However, the use of 8-hour sequential data may have underestimated the
daily maximum 8-hour CO concentrations, as there are no guarantees that the highest 8-hour period in any given day
corresponds to one of the three sequential periods (i.e., 00:00 to 07:00; 08:00 to 15:00; 16:00 to 23:00).
The following table compares the background 1-hour CO, the 8-hour CO calculated using daily maximum values (as per
the EIS; OPG 2011), and the background 8-hour CO calculated using sequential 8-hour data. In this data, the
background 8-hour CO calculated using the sequential data is slightly less than the background 1-hour CO values.
90th Percentile of Monitored Data (µg/m3)
Indicator Compound

3

Background (µg/m )
Tiverton

London

Kitchener

Sarnia

1-hr CO

816.5

N/A

816.5

678.5

517.5

8-hour CO (daily max)

945.9

N/A

945.9

823.4

606.6

8-hour CO (sequential)

808.7

N/A

808.7

664.0

500.3

Notes:
N/A Not available
The above table includes monitored concentrations from the four stations used to characterize the existing air quality for the Regional Study
Area. Where available data from Tiverton was used. In cases like CO, data from London was used to characterize existing air quality, where
available.

Using the background CO values derived based on sequential 8-hour data would not have altered the conclusions of the
EIS. In addition, the use of background 8-hour CO based on the daily maximum values in the EIS was a more
conservative assessment as these background numbers were higher than if calculated using sequential data. The
background CO values were added to the dispersion model predictions, as described in the Atmospheric Environment
TSD (GOLDER 2011), and the results used to determine whether there was a residual adverse effect (GOLDER 2011,
Section 8), and ultimately to determine significance of the residual adverse effects (GOLDER 2011, Section 11). Using a
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higher background value would potentially yield a higher magnitude.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-06-252

 Section 11.2,
Mitigation
Measures
 Section 11.4.7,
Atmosphere

Information Request:
Provide the rationale for requiring emissions at only a Tier 2 level for diesel engines and a discussion as to why no Tier 3
emissions standards would be available and required.
Context:
Tier 3 emissions standards became a requirement in 2006-8 (and Tier 4 emissions standards in 2012) and provide
substantial reductions in NOx emissions.
As NOx emissions appear to be one of the most important air quality issues related to the project, it is unclear why the
mitigation plan does not include Tier 3 standards.
OPG Response:
The air quality assessment completed for the DGR Project used conservatism as one of the tools in managing possible
uncertainties with respect to the air quality predictions, as presented at the Joint Review Panel Technical Information
Session related to modelling methods held in Ottawa on October 11, 2012 (OPG 2012). Non-road diesel equipment that
are designed to meet the Tier 2 emission standards will have higher emissions than equipment that meet either the
Tier 3 or Tier 4 standards.
In Canada, emission standards for non-road diesel equipment are being phased in depending on the engine size.
However, once the standards are phased in, they only apply to the sale of new equipment. Equipment that is already in
use remains in compliance, even though they may only meet the less stringent tier of emission standards that were in
force at their time of purchase. For this reason, the assessment calculated the NOX emissions using the conservative
assumption that all of the vehicles would comply with the Tier 2 standards. The Tier 2 standards were required for all
non-road diesel engines sold in Canada starting in 2006; therefore, it is reasonable to assume that virtually all of the nonroad diesel fleet in Canada will meet the Tier 2 standards. Non-road diesel engines of certain sizes sold in Canada were
required to meet Tier 3 standards starting in 2008. Thus, it is also reasonable to assume a portion of the non-road diesel
fleet includes vehicles that meet the Tier 3 standards. Finally, vehicles sold in Canada starting in 2012 are required to
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meet the Tier 4 emission standards and these vehicles will gradually make up an increasing percentage of the non-road
diesel fleet in Canada as vehicles with older engines are retired. Given the timing and phase-in of emission standards
for non-road diesel vehicles in Canada, the non-road diesel fleet will likely comprise a mixture of Tier 2, Tier 3 and Tier 4
equipment. Therefore, the assumption in the air quality assessment that the non-road diesel vehicles associated with
the DGR Project (primarily during the site preparation and construction phase) meet the Tier 2 emission standards
remains a conservative assumption that will tend to over-predict the effects of the DGR Project on air quality. As a
result, the effects of the DGR Project on air quality will be lower than those presented in the Environmental Impact
Statement (EIS).
Continuous air quality monitors will be installed at the start of the site preparation and construction phase and will
measure several air quality parameters: particulate matter (PM10 and PM2.5) and NOX (Activity C-EA-ATM1 in Table 3a of
the DGR EA Follow-up Monitoring Program (NWMO 2011). If the air quality monitoring results are higher than predicted
in the EIS, equipment could be replaced with equipment that meets Tier 3 standards or better (NWMO 2011, Section
13.5).
References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the October 11, 2012 JRP Technical Information Session #2”, CD# 00216-CORR-0053100142, October 3, 2012. (CEAA Registry Doc# 758)

EIS-06-253

 Section 11.3,
Significance of
Residual Effects
 Section 11.4.7,
Atmosphere

Information Request:
Expand on the response to the IR EIS 03-94 by providing a discussion on how the “decision tree” used to determine
significance of residual adverse effects for air quality (Figure 7.7.3-1 of the EIS) provides a level of protection for the local
population.
In addition, provide a more extensive discussion of the irreversibility criterion as it applies to specific endpoints related to
PM and other pollutants.
Context:
Detailed explanations about the “decision tree” (Figure 7.7.3-1 of the EIS) used to assign significance are required to
evaluate the completeness and appropriateness of the assessment of the effects of air quality on health.
Aside from the reliance on regulatory frameworks (i.e., Air Quality Standards) the tree itself is not clearly explained, nor is
it clear how decisions were made in each step. For the site preparation and construction phase, use of the decision tree
results in an “immediately reversible” evaluation of the degree of irreversibility. The definition behind immediately
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reversible is particularly unclear. For example, if one stops the emission source, then the air quality will improve quite
quickly. However, the health effects will not, given that PM is associated with a wide range of health effects (e.g. asthma
attacks, worsening of respiratory symptoms, etc.).
OPG Response:
The potential effects of the DGR Project to human health were assessed in Sections 6.11 and 7.11, and in Appendix C of
the Environmental Impact Statement (EIS) (OPG 2011).
The air quality assessment of the DGR Project, as summarized in the EIS (OPG 2011) and presented in detail in the
Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) is specific to the effects of the DGR
Project on air quality. The decision tree (Figure 7.7.3-1 of the EIS), and the corresponding effects assessment criteria
are specific to evaluating the effects of the DGR Project on air quality. The irreversibility criterion used as an input to the
decision tree for assigning significance to residual adverse effect on air quality, relates to the reversibility of residual
effects specific to the air quality end point. As noted, the air quality will improve quickly once the emissions stop.
Therefore, the effects of the DGR Project on air quality were classified as being readily reversible.
The changes in air quality resulting from the DGR Project were used as inputs to a number of other disciplines as
described on page 3 of the Atmospheric Environment TSD (GOLDER 2011). The potential health effects of changes in
air quality were not assessed as part of the air quality assessment. The potential for the DGR Project to affect human
health was presented separately in Sections 6.11 and 7.11, and in Appendix C of the EIS (OPG 2011). This includes
detailed consideration of potential indirect effects of changes in air quality on human health in the human health
assessment.
In the human health assessment, presented in Sections 6.11 and 7.11, and in Appendix C of the EIS (OPG 2011),
indirect effects related to changes in air quality were characterized at six receptor locations (Table C2.3.1-1 and Figure
C2.3.1-1 of Appendix C of the EIS). Of these receptors, three are specifically identified as being local residents (i.e.,
AR1, AR2 and AR3). These locations represent the closest points of prolonged exposure outside of the Bruce nuclear
site. The potential effects to the local population of changes in air quality due to the DGR Project are expected to be
greatest at these three locations because other members of the local population are expected to be exposed to lower
concentrations (i.e., they are farther away) or for shorter durations (i.e., they may only be there for short periods of time).
The human health assessment was based on Hazard Quotients (HQ) for each contaminant, calculated using air
modelling results. The HQs are a measure of the exposure a person may take into his or her body relative to a
chemical-specific health-based benchmark. Using this approach, the degree of irreversibility of the potential effect is not
applicable in assessing the endpoints for PM and other pollutants considered in the human health assessment.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-06-254

 Section 10.1.8,
Noise

Information Request:
Assess whether or not excluding sounds of nature would appreciably lower the ambient noise levels in such a way that
the potential project noise impacts could be more severe than reported.
An alternate approach would be to present the minimum 1hr Leq levels without sounds of nature in the noise
assessment.
Context:
The noise assessment indicates that the sounds of nature were included in monitoring of the baseline noise levels.
Typically, including sounds of nature in determining the ambient sound levels is not recommended by Health Canada.
OPG Response:
The assessment of noise presented in the Atmospheric Environment Technical Support Document (TSD) (GOLDER
2011) focussed on the potential for the DGR Project to affect the existing noise environment at the identified noise
receptors. The existing noise environment at the identified receptors, determined through monitoring, does include the
contribution from general sounds of nature, such as wind blowing through trees and water on the shores of Lake Huron.
However, in reviewing the monitoring data, noise levels associated with specific identifiable natural sounds such as
insect activity (e.g., crickets) and birds was removed wherever possible.
Removing all the sounds of nature would have eliminated most of the monitoring data that was recorded. For example,
during night-time hours, water on the shore of Lake Huron is clearly evident at R2. This approach would have generated
a sample of data that was sparse and relatively meaningless with respect to the existing noise environment experienced
today at the noise receptors. In addition, these sounds of nature will be present during construction and operations of
the DGR Project. Therefore, they should be included as part of the existing noise environment.
As noted during the Joint Review Panel technical session on modelling presented in Ottawa on October 11, 2012 (OPG
2012), the noise assessment used conservatism to manage possible modelling uncertainty. One example of this
conservatism is the approach used in establishing the existing conditions, specifically the use of the minimum 1-hour Leq
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measured at each of the noise receptors. In contrast, the approach suggested by Health Canada (HEALTH CANADA
2005) and in CSA (2005) calls for existing conditions to be established for both the daytime and night-time periods. As
the night-time period noise levels are usually lower than during the day, the night-time Leq would then be used to define
existing conditions.
The following table compares the existing noise levels based on the minimum 1-hour Leq (as used in the assessment
[GOLDER 2011]) and the period average values (average night-time Leq in the table below), suggested by CSA (2005)
and Health Canada (HEALTH CANADA 2005). The existing noise levels using the minimum 1-hour Leq are lower and
thus result in a more conservative assessment.
Location

R1
R2
R3

Existing Noise Levels Used in the
Assessment:
Minimum 1-hour Leq (dBA)
36
37
35

Existing Noise Levels:
CSA/HC Average Night-time Leq (dBA)
41
42
43

References:
CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
HEALTH CANADA. 2005. Noise Impact Assessment Orientation Document for Projects Triggering CEAA. Draft
Version.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the October 11, 2012 JRP Technical Information Session #2”, CD# 00216-CORR-0053100142, October 3, 2012. (CEAA Registry Doc# 758)
EIS-06-255

 Section 11.4.8,
Noise and
Vibration

Information Request:
Discuss whether or not adjusting the measured/predicted sound levels to account for impulsive, highly impulsive, high
energy impulsive (blasting), tonal and/or quiet rural area adjustments would effect the calculated change in %HA during
construction, operation and decommissioning stages of the Project.
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Context:
Research indicates that certain sound characteristics can increase community annoyance (CSA 2005). Appendix J, page
J-10 of the Atmospheric TSD provides the equation used for deriving %HA. However, it does not appear that the %HA
was calculated using a rating level. A rating level is an adjustment applied to a measured or calculated sound level.
Procedures on how to calculated %HA using a rating level with the applicable adjustments can be found in ISO 1996-1
(2003) (CSA 2005).
OPG Response:
The assessment of noise presented in the Atmospheric Environment Technical Support (TSD) (GOLDER 2011)
focussed on noise associated with site preparation and construction activities, and operations of the DGR Project. The
noise assessment did not explicitly include the contributions of vibration (i.e., ground vibration) or noise (i.e., air
vibrations) associated with blasting. A comprehensive assessment of blasting effects (both ground and air vibration) was
carried out in accordance with the Ministry of the Environment publication NPC 119 (MOE 1978) and was presented in
Appendix I of the Atmospheric Environment TSD (GOLDER 2011).
The predictions of percent highly annoyed (%HA) presented in Appendix J of the Atmospheric Environment TSD
(GOLDER 2011) did include an adjustment to the predicted project noise levels (i.e., the noise levels associated with the
DGR Project) of +10 dB to account for the potential that site preparation and construction, and operations, noise sources
could occur at night.
The ISO 1996-1 (CSA 2005) document identifies the following adjustments that could be considered:
Type

Specification

Level Adjustment (dB)

Road Traffic
Aircraft
Railway
Industry

0
3 to 6
-3 to -6
0

Regular Impulsive
Highly Impulsive
High-energy Impulsive
Prominent Tones

5
12
n/a (alternative method)
3 to 6

Evening

5

Sources of Sound

Character of Sound

Time Period
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Night
Weekend Daytime

10
5

In addition, HEALTH CANADA (2005) indicates that the LNight and L24 should be adjusted by +10 dB if the receptors are in
a quiet rural area. However, in situations where more than one adjustment applies for a source of noise, CSA (2005)
states that only the largest adjustment shall be applied.
The sources of sound involved during site preparation and construction, and operations of the DGR Project would be
road traffic and industrial type sources. Therefore, with respect to the types of sources, a 0 dB adjustment is
appropriate.
For the character of the sound sources, none of the sources involved in the DGR Project would be considered regular
impulsive, highly impulsive, nor are they expected to be tonal. Therefore, none of those adjustments are required to
address sound character.
The %HA requires noise levels in dBA (with appropriate adjustments) during specific time periods (i.e., LNight and L24).
For blasting, it would not be appropriate to try to directly add the predicted blasting noise levels (i.e., air vibrations) in dBL
(GOLDER 2011, Appendix I) as part of the prediction of %HA. A typical blast may last for a fraction of a second and,
when applying the appropriate time correction for the time period (e.g., LNight and L24), a significant reduction in noise
level would result. In addition, when applying the appropriate A-weighting filter to the predicted noise level in dBL, a
further reduction would occur. Therefore, the combined effect of the time period and A-weighting adjustments mean that
the predicted %HA would not numerically change if the energy from blasting were added. For this reason, the effects
associated with blasting (i.e., ground and air vibration) were assessed using the alternative method recommended in
MOE publication NPC 119 (MOE 1978).
During site preparation and construction, and operations of the DGR Project, activities may occur 24 hours a day;
therefore, an adjustment of +10 dB is considered appropriate and was included in the prediction of %HA. The results of
this assessment are presented in Appendix I to the Atmospheric Environment TSD (GOLDER 2011) and used as inputs
to the health assessment presented in the Environmental Impact Statement (OPG 2011, Section C3.2.2). The noise
assessment during the decommissioning phase is considered to be similar to and bounded by the site preparation and
construction phase.
Of the above adjustments, the +10 dB adjustment to account for potential activities at night (CSA 2005) or the +10 dB
adjustment recommended for rural situations by HEALTH CANADA (2005) would equally be the largest adjustments.
Therefore, a single adjustment of +10 dB as was done in the TSD is appropriate, and no other adjustments should have
been made.
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References:
CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
HEALTH CANADA. 2005. Noise Impact Assessment Orientation Document for Projects Triggering CEAA. Draft
Version.
MOE. 1978. Ontario Ministry of Environment. Model Municipal Noise Control By-Law. Final Report.
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement. Volume 2. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-06-256

 Section 11.4.8,
Noise and
Vibration

Information Request:
Provide additional discussion regarding how and why changes in noise would be perceptible taking into account such
factors as frequency changes, variable modulation, and increased impulsiveness.
Context:
The assessment of noise impacts on receptors is based on the premise that sound level increases of 3 dBA are not
noticeable. For example, Section 8.8.1.2 (page 268) of the Socio-economic Environment TSD indicates that increases
over an existing noise level up to 3 dBA are “hardly perceptible”.
The perception of sound is not related to sound level in decibels in a linear manner. For example, a 10 dBA increase is
the median change in sound level at 1 kHz, which is perceived as being twice as loud. A typically cited threshold for an
increase in sound level that is often stated as being “barely perceptible” by the human ear varies from 3 to 5 dBA. This
threshold is often used in environmental assessments, which may state that residual sound increases lower than this
threshold will not be perceptible. However, a difficulty with this approach is that humans also perceive and respond to
changes in sound characteristics other than loudness.
Changes to the characteristics of the sound from baseline, such as a change in frequency, changes in sound modulation,
and increased impulsiveness, may be perceived and may cause noise to be more noticeable, even if the absolute sound
level (in dBA) is not substantially increased. It is important to consider that people respond to sound characteristics that
do not necessarily increase the sound level appreciably (ANSI S12.9-2005/Part 4, clause A.1.3 (CEARIS #748)).
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OPG Response:
The assessment of noise is not based on the premise that sound level increases of 3 dB are not noticeable; rather an
increase in level of up to 3 dB is hardly perceptible. The noise assessment presented in the Atmospheric Environment
Technical Support Document (TSD) (GOLDER 2011, Section 8.3) does not include a discussion on “loudness” which has
a very specific acoustical meaning, and is not relied on in the assessment (GOLDER 2011, Section 8.3).
The predicted project noise levels at the noise receptors will be broadband in nature, meaning that no distinguishable
character (i.e., tonality) will be present and the noise energy will be distributed. Based on the conservative nature of the
assessment and the large separation distances between the DGR Project and noise receptors, it is anticipated that fine
details such as frequency changes and variable modulation will not be noticeable the vast majority of the time, but may
be noticeable during the quietest night-time hours.
As outlined in OPG’s response to Information Request (IR) EIS-06-254, the noise assessment took the conservative
approach of assessing the effects of the DGR Project against the minimum 1-hour Leq. In contrast, the approached
recommended by HEALTH CANADA (2005) and CSA (2005) define existing noise levels as the lower of the daytime or
night-time Leq. OPG’s response to IR-EIS-06-254 shows that the night-time average Leq values were higher than the
minimum 1-hour Leq used in the assessment. When the project noise levels are added to the existing noise levels
defined as the night-time period average noise level (as per CSA 2005), no adverse effects for noise would have been
predicted as the resulting change in noise levels would have been less than 3 dB at all noise receptors during both the
site preparation and construction, and operations phases.
The noise sources included in the assessment for site preparation and construction, and operations, as presented in the
Atmospheric Environment TSD (GOLDER 2011, Section 8.3), are not considered to be impulsive. The noise
assessment did not include vibration (i.e., ground vibration) or noise (i.e., air vibrations) associated with blasting. A
comprehensive assessment of blasting effects was conducted in accordance with the Ministry of the Environment
publication NPC 119 (MOE 1978) and was presented in Appendix I of the Atmospheric Environment TSD (GOLDER
2011). Notwithstanding, blasting is projected to occur only four times per day, as discussed in OPG’s response to IREIS-06-257. Therefore, no change to the characteristics of the noise (e.g., impulsiveness) is expected.
References:
CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
HEALTH CANADA. 2005. Noise Impact Assessment Orientation Document for Projects Triggering CEAA. Draft
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MOE. 1978. Ontario Ministry of Environment. Model Municipal Noise Control By-Law. Final Report.

EIS-06-257

 Section 11.4.8,
Noise and
Vibration

Information Request:
Provide an assessment of blasting noise on human health that goes beyond the discussion of perceptibility. Suggest
mitigation measures if indicated by the assessment.
Context:
There appears to be no specific methodology used for assessing blasting noise, other than the discussion of
perceptibility and the associated problems with this approach as noted in IR EIS 06-256.
Blasting is identified as project activity in the EIS, but the specific discussion is limited mainly to its impacts on air
pressure and vibration. The Atmospheric Environment TSD, page 90, states: “noise from blasting would not likely
measurably change the 1 hour Leq (the indicator for noise levels)”. Therefore it is important to use an approach that will
adequately characterize potential human health effects and suggest when mitigation activities should occur.
Noise effects due to blasting can be assessed in several ways, depending on how long the blasting will continue. If
blasting is anticipated to last less than one year, the EPA (1974) approach can be used. Little or no public annoyance is
expected to result from any number of daytime noise impulses per day if their measured or predicted peak value is below
(125 – 10 log N) dB. In this case, dB is now interpreted as meaning Z or Zero weighting (dBZ). For blasting over a
duration of more than one year, follow the recommendations in CSA (2005).
OPG Response:
The assessment of noise presented in the Atmospheric Environment Technical Support Document (TSD) (GOLDER
2011) focussed on noise associated with site preparation and construction activities, and operations of the DGR Project.
The noise assessment did not include vibration (i.e., ground vibration) or noise (i.e., air vibrations) associated with
blasting. A comprehensive assessment of blasting effects was carried out in accordance with the Ministry of the
Environment publication NPC 119 (MOE 1978) and was presented in Appendix I of the Atmospheric Environment TSD
(GOLDER 2011).
The MOE publication NPC 119 (MOE 1978) limits noise from a blast to 128 dBL at receptor locations. As presented in
Appendix I, the highest noise levels predicted during shaft sinking were 96 dBL, and 97 dBL during underground
development at R2 (levels at R1 and R3 were lower). The assessment of underground blasting noise (i.e., air vibrations)
conservatively assumed no attenuation due to shielding (i.e., the 680 m of rock between the repository and the
receptors) and shorter distances between the repository and the receptors (i.e., at its furthest extent, the repository is
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closer than the shaft to R2).
Following the US EPA (1974) approach using the predicted values presented in Appendix I of the Atmospheric
Environment TSD (GOLDER 2011) and a total of 4 blasts per day, a maximum allowable level of 118 dBL would result in
little or no public annoyance. As the predicted levels shown in Appendix I (a maximum of 96 dBL and 97 dBL) are well
below the maximum level allowed by the US EPA (1974), no mitigation measures will be required.
Although blasting for shaft development will last for longer than one year (~ 1.5 years), the depth of the shaft after the
first year will be approximately 450 m below grade. At this depth, it is expected that the blasting noise (i.e., air vibrations)
will not be audible at the noise receptor locations. Since audible noise associated with blasting is only likely to occur
during the first year, assessment using the US EPA (1974) approach would be the most appropriate if an alternative to
the NPC 119 (MOE 1978) is considered warranted. However, an assessment in accordance with NPC 119 (MOE 1978),
as was presented in Appendix I, is considered the most appropriate approach for use in Ontario.
The CSA (2005) document does not provide limits against which the effects of blasting can be compared. The CSA
(2005) document does provide some guidance for predicting blasting noise levels in “C” weighted decibels (dBC).
However, these noise levels are not directly relatable to humans as they respond to “A” weighted noise (dBA), as was
used in the Environmental Impact Statement for assessing noise associated with the DGR Project.
References:
CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 1978. Ontario Ministry of Environment. Model Municipal Noise Control By-Law. Final Report.
US EPA. 1974. Information on Levels of Environmental Noise Requisite to Protect Public Health and Welfare with an
Adequate Margin of Safety. United States Environmental Protection Agency Report No. 550/9-74-004.

EIS-06-258

 Section 11.4.8
Noise and
Vibration

Information Request:
Describe potential project noise impacts on sleep and determine whether or not the World Health Organization’s (WHO)
threshold for sleep disturbance will be exceeded.
Context:
Section 4.7 of the EIS, page 4-39, suggests that some night time activities may be required. See also section 4.7.2.1,
Construction Labour, page 4-43.
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However, the EIS does not describe any potential project noise impacts on sleep. Due to the methodology currently used
in this noise assessment, it is not possible to assess whether or not the World Health Organization’s (WHO) threshold for
sleep disturbance will be exceeded.
Health Canada has suggested that the potential impact on sleep should be considered using the WHO’s (Berglund et al,
1999) recommended thresholds for sleep disturbance. These thresholds are: for steady state (continuous) noise
exposure, noise inside the bedroom is 30 dBA (i.e. 45 dBA outdoors with an assumed 15dBA transmission loss with
windows partially opened) and is 45 dBA for discrete noise events (i.e. 60 dBA outdoors with an assumed 15 dBA
transmission loss with windows partially opened).
OPG Response:
As discussed in OPG’s response to Information Request EIS-06-254, the noise assessment presented in the
Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 8.3) used the quietest (i.e.,
minimum) 1-hour Leq for the purposes of establishing the existing noise levels. The potential noise effects of the DGR
Project during site preparation and construction, and operations phases were determined by adding the project noise
levels at the identified receptors to the corresponding existing noise levels. These minimum 1-hour Leq values used for
defining existing noise levels were typically recorded during late night or early morning hours, when people are inside.
In looking at sleep disturbance, the World Health Organization (WHO) (Berglund et al. 1999) makes use of the LNight,
which is the equivalent noise level averaged over an eight-hour period. The WHO indicates that noise levels at the
outside facade of a receptor should not exceed 45 dBA to allow residents to sleep with the windows open. This
approach assumes a 15 dB noise reduction from outside to inside for a partially open window and ensures an indoor
noise level of 30 dBA. Table 1 summarizes the results using the WHO approach during site preparation and
construction, while Table 2 summarizes the results for the operations phase. Based on the results presented in these
tables, the ambient noise levels at the exterior facades are below 45 dBA, and the indoor noise level will be below the
threshold recommended by the WHO to protect against sleep disturbance.
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Table 1: Noise Results Using WHO Approach – Site Preparation and Construction Phase
Location

Existing Noise Levels
Using LNight (dBA)(a)

Project Noise Levels
(dBA)(b)

Ambient Noise Levels at
Exterior Façade (dBA)(c)

R1

41

33

41

R2

42

40

44

R3

43

32

44

Notes:
a) Existing noise levels are the noise levels that exist in the absence of the project. The LNight has been calculated using the monitored
noise levels presented in the Atmospheric Environment TSD (GOLDER 2011, Section 8.3), in accordance with ISO 1996-1 (CSA 2005).
b) Project noise levels are the predicted noise levels at the noise receptor locations associated with the project.
c) Ambient noise levels combine both the existing noise levels and the project noise levels.

Table 2: Noise Results Using WHO Approach – Operations Phase
Location

Existing Noise Levels
Using LNight (dBA)(a)

Project Noise Levels
(dBA)(b)

Ambient Noise Levels at
Exterior Facade (dBA)(c)

R1

41

34

41

R2

42

37

43

R3

43

32

44

Notes:
a) Existing noise levels are the noise levels that exist in the absence of the project. The LNight has been calculated using the monitored
noise levels presented in the Atmospheric Environment TSD (GOLDER 2011) in accordance with ISO 1996-1 (CSA 2005).
b) Project noise levels are the predicted noise levels at the noise receptor locations associated with the project.
c) Ambient noise levels combine both the existing noise levels and the project noise levels.

References:
Berglund, B., T. Lindvall and D.H. Schwela (Eds.). 1999. Guidelines for Community Noise. World Health Organization
(WHO). (available at http://www.who.int/docstore/peh/noise/guidelines2.html)
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CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-06-259

 Section 10,
Existing
Environment
 Section 11,
Effects
Prediction,
Mitigation
Measures, and
Significance of
Residual Effects
 Section 13, LongTerm Safety of
the DGR

Information Request:
Describe the impact of future glacial isostatic adjustment on the current and future behavior of fractures and joint sets in
the vicinity of the proposed DGR.
Context:
There is inadequate consideration of the impact of future glacial isostatic adjustment on the current and future behavior
of fractures and joint sets in the repository vicinity. The continuing stress release due to the removal of glacial
compression forces since the last glaciation period will continue to cause upward movement on existing fracture and joint
sets, as well as create the possibility of new fractures and joint sets during the construction and operational life of the
proposed repository.
Future glaciation and reloading of the site could lead to differential movement along existing fractures and joints.
OPG Response:
Evidence gathered during site specific investigations strongly indicates that fracture re-activation, movement or rupture,
particularly within the Ordovician sediments that host and enclose the DGR, has neither occurred in the Pleistocene, nor
is it likely during future glacial events in the postclosure period. With respect to glacial influences and glacial isostatic
adjustment, evidence supporting this interpretation includes: 1) the timing and age of fracture formation; 2) analogue
evidence of long-lived upper Ordovician shale cap rock barrier integrity; 3) site-specific analogue information regarding
environmental tracer distributions and processes on geologic time scales governing solute migration; 4) low rock mass
hydraulic conductivities within the confining Ordovician and overlying Silurian sediments; and 5) long-term
geomechanical stability analyses suggesting a lack of displacement during glacial loading scenarios. In part, this
evidence has been described in Ontario Power Generation’s responses to Information Requests (IR) EIS-05-167 (OPG
2012a), EIS-05-164 (OPG 2012a) and EIS-02-38 (OPG 2012b).
Fracture Timing and Age
Cruden (2011) analyzed over 600 interpreted fractures and joints within Devonian-aged rock pavements exposed on the
Lake Huron shoreline at the Bruce nuclear site and in the adjacent Inverhuron Provincial Park. With respect to the timing
of fracture development the following points were raised.
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Joints and veins within the Regional Study Area (RSA) share common orientations, predominantly NNW- and
ENE-trending, and they are mutually cross-cutting, indicating that joints and veins were formed
contemporaneously under conditions of elevated pore fluid pressure and an abundant source of carbonate-rich
brines (Cruden 2011, Sections 3.2.2 and 4.1).
Mechanisms thought to have led to fracture development include: 1) Devonian sediment compaction, 2)
dewatering and diagenesis, 3) Devonian or Carboniferous lateral flow of brines driven by distal orogenic
processes, or 4) Late Paleozoic orogenic fold-related jointing. These mechanisms are all inconsistent with a
Pleistocene origin (Cruden 2011, Section 5.1).

The observations in Cruden (2011) indicate that of the 600 fractures and joints mapped, none provide evidence of
formation or re-activation as a consequence of glacial processes or isostatic adjustment during the Pleistocene, but
rather are interpreted to be of Late Paleozoic age (Cruden 2011, Sections 5.1 and 5.5). These fracture and joint systems
have remained infilled with secondary calcites in spite of numerous natural surface-based perturbations (i.e.,
approximately 9 glacial cycles) over the last 1 Ma. Preliminary U-Pb dating and fluid inclusion analyses of calcite
fracture infills in mm scale Devonian and Ordovician fractures are consistent with this interpretation (See OPG responses
to IRs EIS-02-38 and EIS-05-167).
Ordovician Shale Cap Rock Analogue Study
A regional scale analogue study examined evidence of Ordovician shale cap rock barrier integrity from a petroleum
resources perspective. The study, which describes evidence both within the Appalachian and Michigan basins,
concludes that Upper Ordovician shales possess the attributes of a good seal rock for significant lengths of time
(Engelder 2011, Section 6). This evidence includes: i) high formation clay content (40-50%) that enhances a self-sealing
capacity; 2) the existence and preservation of significant hydraulic formation under-pressures; 3) the lack of natural
hydraulic fracturing associated with gas generation; and 4) a comparison to lithologic and stratigraphic analogues of
other Ordovician reservoir cap rock within the Michigan and Appalachian basins.
Environmental Tracer Migration
The pore fluids within the Ordovician formations that would host and enclose the DGR are ancient. Hydrogeochemical
evidence strongly supports the conclusion that these fluids originated as interstitial evaporated seawater, subsequently
modified by long-term rock-water interaction. The spatial distribution of pore fluid isotopic compositions further suggests
long water and solute residence times within the Ordovician sediments (on the order of hundreds of millions of years),
and a lack of glacial influence during the Pleistocene (NWMO 2011, Section 4.6). These data are consistent with a
stable, deep groundwater system unaffected by external perturbations.
Low Rock Mass Permeabilities
Hydraulic testing within the DGR-series boreholes yielded estimates of horizontal rock mass hydraulic conductivities
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within the Upper Ordovician shales and Trenton Group carbonates to be on the order of 10-14 m/s (NWMO 2011, Figure
5.1). Such low rock mass hydraulic conductivities are consistent with hydrogeochemical and isotopic interpretations of
long water and solute residence times and the existence of a diffusion-dominated mass transport groundwater regime
(INTERA 2011, Sections 4.9.2.1, 4.13.5, 4.13.6 and Table 4.19).
A site-specific analogue that explored the occurrence and preservation of observed formation under- and over-pressures
within the Ordovician and Cambrian sediments indicates that vertical rock mass hydraulic conductivities within the
Ordovician sequence sediments are on the order of 10-14 m/s or less (Sykes et al. 2011, Section 7.2.8). This work
provides an independent assessment of formation scale hydraulic conductivities that, coupled with the hydrogeochemical
information, reveals a system in which mass transport has remained diffusion-dominated for hundreds of millions of
years and has not been impacted by glacial processes. The long-term preservation of such hydraulic formation
pressures is inconsistent with the re-activation or generation of new transmissive fractures during the Pleistocene.
Long-term Geomechanical Stability
A long-term geomechanical stability analysis was performed that considered time dependent rock mass strength
degradation under a variety of combined loading scenarios (i.e., glaciations, seismicity, repository gas pressures). The
analysis illustrated that the Cobourg Formation and the overlying confining Ordovician shale cap rock provide effective
barriers to contaminant transport at time frames relevant to repository safety (NWMO 2011, Section 6.4). Design
optimization to improve long-term DGR performance includes stipulation of: i) a minimum roof cover in the Cobourg
Formation (lower member); ii) a 40 m rock pillar between DGR emplacement room panels; and iii) a minimum floor cover
of 9 m above the Sherman Fall Formation contact to improve emplacement room stability (NWMO 2011, Sections 6.4.4.7
and 6.4.5). The long-term analysis reveals that displacements induced by the collapse will not cause rupture or
displacement within the overlying or underlying formations (NWMO 2011, Section 6.5 and OPG 2012c, Section 6.3).
In summary, data collected during DGR site characterization activities strongly indicates that the deep groundwater
system at the Bruce nuclear site is geologically stable, with no indications of geochemical or structural changes induced
by external perturbations (e.g., seismicity, glaciation-deglaciation and isostatic adjustment). This geoscientific evidence
provides a compelling case that the likelihood of future creation or re-activation of fault or joint structures by long-term
natural processes (e.g., glaciation or glacial isostatic adjustment) is low.
References:
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization report NWMO DGR-TR-201143 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115, June 1,
2012. (CEAA Registry Doc# 523)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, Attachment 1 – OPG’s Written
Submission for JRP’s Technical Information Session on July 18, 2012, CD # 00216-CORR-00531-00123, July 13, 2012.
(CEAA Registry Doc# 636)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeological Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-06-260

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information regarding what constitutes a “recognizable fuel fragment”.
Describe the past and existing waste packaging procedures that support the waste acceptance criterion that
“recognizable fuel fragments” are excluded waste.
Identify the threshold sum of actinides in a package that initiates further inspection for failed fuel fragments. If there is no
such threshold, provide justification.
Context:
In Section 4.5 of the EIS, page 4-18 it is stated that: “the DGR will not accept used nuclear fuel or recognizable fuel
fragments.” In EIS Table 4.5.1-3, page 4-25, it is stated that recognizable fuel fragments are excluded wastes but also
includes a criterion that the package amount of uranium-235, uranium-238, plutonium-239, plutonium-240, and
plutonium-241 must be reported.
In the Reference Low and Intermediate Level Waste Inventory Report (December 2010)Table 3.3, page 32, includes a
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list of uranium and transuranic radionuclides and of waste streams where they had not been identified in the August
2008 version of the Reference Low and Intermediate Level Waste Inventory Report (R01) Appendix B, Table B-1, page
48.
If there can be uranium and plutonium but there cannot be recognizable fuel fragments, the process for differentiating
between a package that documents the presence of uranium and plutonium and a package containing a recognizable
fuel fragment must be clarified.
OPG Response:
The DGR Waste Acceptance Criteria (WAC) excludes the acceptance of “used nuclear fuel and recognizable fuel
fragments” (Table 5-5, Preliminary Safety Report, OPG 2011). This is also an existing requirement for Low &
Intermediate Level Waste (L&ILW) acceptance at the OPG’s Western Waste Management Facility (WWMF).
A “recognizable fuel fragment” is a visually recognizable piece of fuel, such as a pellet, fuel element, partial fuel bundle,
etc.
Such wastes are not routinely produced at OPG or Bruce Power. They are the result of rare discreet incidents involving
severe physical damage to a fuel bundle. The potential for such wastes would be known in advance as any fuel damage
incident is closely investigated. The waste would be subject to special handling at the station during the recovery
process due to the very high dose rates associated with them and the need for fissile material accounting and control.
Fuel fragments would be canned and stored in the fuel bays at the stations as “failed fuel”. The exclusion in the WWMF
WAC and the DGR WAC is to provide added assurance that waste generators do not mix these fuel fragment wastes
with L&ILW.
There is no threshold for actinides that initiates further inspection for fuel fragments. As discussed above, the presence
of fuel fragments in L&ILW is considered highly unlikely.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-261

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information that justifies the significant decrease in the expected radioactive material content reported for the
operational LL/ALW resin waste stream in the Reference Low and Intermediate Level Waste Inventory Report
Appendix B, Table B.1, page 53 as compared to the August 2008 version of the Reference Low and Intermediate Level
Waste Inventory Report (R01) Appendix B, Table B-1, page 48.
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Context:
Reference Low and Intermediate Level Waste Inventory Report Appendix B, Table B-1, page 53, combined 2 waste
streams (LL Resins and ALW Resins) that had been separate in the August 2008 version of the Reference Low and
Intermediate Level Waste Inventory Report (R01) Appendix B, Table B-1, page 48.
In the Reference Low and Intermediate Level Waste Inventory Report shows specific activity of the combined waste
streams of 2.2E+08 Bq/m3 where as August 2008 version of the Reference Low and Intermediate Level Waste Inventory
Report (R01 of this document showed the specific activity of radioactive material with t½ > 1 yr. of 5.0E+11 Bq/m3 for the
LL resins alone and 2.1E+08 Bq/m3 for the ALW resin waste stream.
There is no explanation for the dramatic decrease in specific activity from the combined waste streams.
OPG Response:
The August 2008 version of the Reference Inventory Report was a preliminary version (OPG 2008). It included separate
information on Low Level Resins (LL Resins) and on Active Liquid Waste Resins (ALW Resins). These are both lowlevel-waste ion exchange resin waste streams. The information on the LL resin waste stream in this report was
conservatively based on the Intermediate Level Waste Miscellaneous IX resin category, since specific sampling of LL
resin had not been performed at this time. (Compare the LL Resin values in Table B-1 with the Misc IX Resin values in
Table B-2, OPG 2008.) For the December 2010 update to the Reference Inventory Report (OPG 2010), these two
similar low-level waste resin streams were combined into a single waste stream, and the values for the ALW Resin were
adopted as reference as they were more appropriate for this low-level waste. Subsequent measurements since the 2010
report was issued are consistent with this basis.
References:
OPG. 2008. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository (Preliminary).
OPG 00216-REP-03902-00003-R01. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/539_ReferenceLowandIntermediateWasteInventoryfortheDGR.pdf)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-262

 Section 8.1,
General
Information and

Information Request:
Demonstrate that the non-processable drummed waste stream has been accurately and adequately characterized.
Describe the methods of characterization, the number of samples/characterizations analyzed, and the variation in the
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results.
Discuss specifically the bituminized low-level waste quantities and the process waste streams that were input to the
bituminization process.
Context:
In the Reference Low and Intermediate Level Waste Inventory Report Table 2.1, page 12, shows that the
non-processible drummed waste stream is the third largest contributor by net volume and the second largest contributor
by emplaced volume in the DGR.
The specific activity information presented in the Reference Low and Intermediate Level Waste Inventory Report
Appendix B, Table B.1, page 53, shows nearly all of the activity in processible drummed waste is attributed to H-3 but
that radionuclide is not measured but scaled based on the C-14/H-3 ratio from incinerable wastes with no basis
presented. The Reference Low and Intermediate Level Waste Inventory Report, page 88, 90 and 136, presents 9
different dose rate classes from <0.01 mSv/hr to >10 (4 orders of magnitude), all with the same average waste density
and specific activity. The wide range in dose rates from these packages appears inconsistent with packages filled
primarily with materials containing H-3.
OPG Response:
In the DGR Reference Inventory report (OPG 2010), the specific activity information for non-processible drummed (NP
Drum) waste was estimated based on a combination of direct measurement of gamma emitting radionuclides, and
calculated values based on scaling factors for the difficult-to-measure radionuclides. The confidence in the reference
activity values for non-processible drummed waste is discussed below for the key radionuclides in this waste stream.
This includes Co-60 and Cs-137 (the main gamma-emitters in NP Drum waste), C-14 (an important radionuclide to the
DGR long-term safety case), and H-3 and Fe-55 (large inventory in NP Drum waste). The discussion includes the
method of characterization, the number of samples, and the variability in the results.
Statistical methods used to describe the activity data and the scaling factors were previously summarized in OPG’s
response to Information Request EIS-01-06 (Sedor 2012, Liberda 2012).
Note that the distribution of dose rates from these waste packages (e.g., OPG 2010, pp.88, 90) reflects the variability in
gamma emitters like Co-60 in the waste as further described below. H-3 is not a gamma emitter so does not contribute
to the external dose rate.
a) Cobalt-60 and Cesium-137
The gamma characteristics of 203 non-processible waste drums were measured using a portable germanium detector.
112 drums were then selected for detailed scanning using a Q2 drum (Canberra) gamma scanning system. The results
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are described below.
Cobalt-60
The analysis of Co-60 in non-processible drummed waste produced the distribution shown in Figure 1, based on the
measured activity of Co-60 in 203 drums. Of the 203 drums that were gamma scanned, 51 drums contained no
detectable Co-60 activity. The reference Co-60 specific activity in non-processible drummed waste, the average Co-60
concentration based on all 203 drums (including below detection limit drums), is 4.4 x 107 Bq/m3 (OPG 2010). This value
is also shown in Figure 1.
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Activity of Co‐60 [Bq/m3]
Figure 1: Measured Co-60 Activity in Non-Processible Drummed Waste
The Anderson-Darling Test (D'Agostino1986) indicates that the Co-60 distribution is log-normally distributed (more
precisely, it does not reject the null hypothesis that the Co-60 activity dataset is log-normally distributed). The properties
of the Co-60 activity distribution in non-processible drummed waste are shown in Table 1.
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Table 1: Co-60 Activity in Non-Processible Drummed Waste
Number of Samples
152
Geometric Mean [Bq/m3]
3.6E+06
Log Dispersion
2.3E+01
Minimum [Bq/m3]
2.3E+03
Maximum [Bq/m3]
1.4E+09
Note: Calculated values do not include below detection limit data.
Cesium-137
The analysis of Cs-137 in non-processible drummed waste produced the distribution shown in Figure 2, based on the
measured Cs-137 activity in 203 drums. Of the 203 drums that were gamma scanned, 63 drums contained no
detectable Cs-137 activity. The reference Cs-137 specific activity in non-processible drummed waste, the average
Cs-137 concentration based on all 203 drums (including below detection limit drums), is 4.4 x 107 Bq/m3 (coincidentally,
the same value as Co-60). This value is also shown in Figure 2.

Frequency

IR#

Reference Cs‐
137 Activity in
Inventory
Report

0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

PDF (Probability
Density
Function)
Normalized
Histogram
3.5E+09

1.1E+09

3.3E+08

1.0E+08

3.1E+07

9.6E+06

3.0E+06

9.2E+05

2.8E+05

8.7E+04

2.7E+04

8.3E+03

Activity of Cs‐137 [Bq/m3]
Figure 2: Measured Cs-137 Activity in Non-Processible Drummed Waste
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The Anderson-Darling test does not reject the null hypothesis that the Cs-137 dataset is log-normally distributed. The
properties of the Cs-137 activity distribution in non-processible drummed waste are shown in Table 2.
Table 2: Cs-137 Activity in Non-Processible Drummed Waste
Number of Samples
140
Geometric Mean [Bq/m3]
5.9E+06
Log Dispersion
1.5E+01
Minimum [Bq/m3]
8.3E+03
Maximum [Bq/m3]
1.1E+09
Note: Calculated values do not include below detection limit data.
b) Carbon-14 and Iron-55 Scaling Factors
Eight non-processible waste drums were sampled and measured using radiochemical methods for alpha/beta emitters.
Scaling factors were developed from these data combined with the gamma scan data for these samples. Results from
the sampling and analysis of non-processible waste boxes are included for comparison, since these are also
non-processible waste.
Carbon-14
The data and the best-fit scaling factor for C-14/Co-60 in non-processible drummed waste are shown in Figure 3. (One
drum had no detectable C-14 and is not included.) For reference, the 95% confidence interval for the best-fit scaling
factor for non-processible (boxed) waste is also shown; the best-fit reference value for non-processible drums is higher
than that for non-processible boxes.
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Figure 3: C-14/Co-60 Scaling Factor for Non-Processible Drummed Waste
The C-14/Co-60 scaling factor is log-normally distributed (the Anderson-Darling test does not reject the null hypothesis
that the dataset is log-normally distributed). This reflects broad international experience with scaling factors (e.g., IAEA
2009), and is consistent with general theoretical expectations (the parameter is always positive, the parameter has a
skewed distribution, and the parameter is based on product rather than summed quantities).
The geometric mean of the C-14/Co-60 scaling factor is 0.33, with a geometric standard deviation of 3.2. Other details of
the scaling factor distribution are shown in Table 3.
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Table 3: C-14/Co-60 Scaling Factor in Non-Processible Drummed Waste
Number of Samples
Geometric Mean [Bq/m3]
Log Dispersion [-]
Maximum [Bq/m3]
Minimum [Bq/m3]

7
3.3E-01
3.2
2.1E+00
6.7E-02

In the DGR Reference Inventory Report (OPG 2010), the specific activity of C-14 in non-processible drums was
calculated based on the reference specific activity of Co-60 in non-processible drums (4.4 x 107 Bq/m3) and the C-14/Co60 scaling factor (Table 3). Based on this, the reference C-14 specific activity in non-processible drums was calculated
as 1.5 x 107 Bq/m3.
Fe-55
The data and the best-fit scaling factor for Fe-55/Co-60 in non-processible drummed waste are shown in Figure 4. For
reference, the 95% confidence interval for Fe-55 in non-processible (boxed) waste is also shown; the best-fit reference
value for non-processible drums is slightly lower than that for non-processible boxes.
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Figure 4: Fe-55/Co-60 Scaling Factor for Non-Processible Drummed Waste
The Anderson-Darling Test indicated that the scaling factor distribution was log-normally distributed (more precisely it
does not reject the null hypothesis that the scaling factor dataset is log-normally distributed). As noted above, a lognormal distribution is consistent with both international data and theoretical reasons.
The geometric mean of the Fe-55/Co-60 scaling factor is 1.3, with a geometric standard deviation of 7.6. Other details of
the scaling factor distribution are shown in Table 4. The reference scaling factor for non-processible drummed waste,
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based on the data set with 1 outlier removed by visual inspection, is 1.9.
Table 4: Fe-55/C-60 Scaling Factor in Non-Processible Drummed Waste
Number of Samples
Geometric Mean [Bq/m3]
Log Dispersion [-]
Maximum [Bq/m3]
Minimum [Bq/m3]

Including All Data
8
1.3E+00
7.6
2.2E+01
1.0E-01

Excluding Outliers
7
1.9E+00
6.6
2.2E+01
1.7E-01

In the DGR Reference Inventory Report (OPG 2010), the specific activity of Fe-55 in non-processible drums is calculated
based on the reference specific activity of Co-60 in non-processible drums (4.4 x 107 Bq/m3) and the Fe-55/Co-60
scaling factor (1.9). Based on this, the reference Fe-55 specific activity in non-processible drums is calculated as
8.4 x 107 Bq/m3.
c) Tritium
Tritium activity in non-processible drummed waste was calculated based on the H-3/C-14 ratio from incinerable waste,
the measured C-14/Co-60 scaling factor in non-processible drums, and the measured Co-60 content in the nonprocessible drums. The last two factors are discussed in Sections (a) and (b) above. The applicability of the H-3/C-14
ratio from incinerable wastes to other LLW wastes is discussed below.
Although there are differences in the chemical behaviors of C-14 and H-3, a correlation between the two radionuclides is
expected because both co-exist in the coolant with C-14 arising from the O-17 (n,) C-14 and tritium from the H-2 (n,)
H-3 activation reactions. Since the coolant is the source of contamination, the relative ratio of H-3 and C-14 in all freshly
generated bagged wastes is expected to be similar.
Since the incinerator feed is these bagged low-level wastes, their H-3/C-14 ratio can be measured through the
incinerator emissions. Incinerator emissions data between 2003 and 2005 was used to calculate the reference H-3/C-14
ratio of 2.8 x 104. The analysis of the annual average H-3/C-14 activity ratios produced the distribution shown in
Figure 5. The reference H-3/C-14 ratio is also shown in Figure 5. This ratio is based on incinerator emissions data over
several years and therefore represents analysis of a large volume of wastes. The ratio should apply to other freshly
generated bulk LLW streams, notably compactable and non-processible wastes.
For comparison, while no non-processible drums were sampled and analyzed for both H-3 and C-14, 12 non-processible
waste boxes were sampled for H-3 and C-14 (among other radionuclides). This non-processible box H-3/ C-14 ratio
data is also included in Figure 5, which shows that the reference H-3/C-14 ratio based on the incinerator data is higher
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than that measured with non-processible boxes, suggesting it may be conservative for use with non-processible drums.
Tritium is relatively volatile and can diffuse out of the waste packages, so there could be a reduction in the H-3 inventory
after a prolonged period of time in storage. This potential loss is conservatively not included in the inventory estimates.
0.25
Non‐Processible
(Boxed) Waste Data
Set
Incinerator
Emissions Data

0.2

0.15

Frequency

IR#

Probability Density
Function (PDF)
0.1
Reference H‐3/ C‐
14 Scaling Factor
(OPG 2010)
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0
1.19E+06

3.51E+05

1.03E+05

3.04E+04

8.94E+03

2.63E+03

7.75E+02

2.28E+02

6.72E+01

1.98E+01

5.82E+00

1.71E+00

5.04E‐01

1.48E‐01

4.37E‐02

H‐3/C‐14 Scaling Factor [‐]
Figure 5: Normalized Histogram for the H-3/C-14 Scaling Factor
d) Bituminized Low-level Waste
Bituminized waste makes up a small fraction of the total volume of non-processible waste. Based on data from the
Integrated Waste Tracking System (IWTS) waste tracking database, the current proportion of solidified bitumen in nonprocessible waste is less than 0.1%. This waste stream came from the Bruce A Active Liquid Waste Treatment System,
which used bitumen as a part of the Evaporation-Solidification System for the low-level liquid waste. This waste stream
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is no longer being produced.
Solidified bitumen has not been radiochemically characterized because of very small volume, but is assumed to have the
same general characteristics of LLW. This is expected to be conservative for tritium since that will partially evaporate
with water during the bituminizing process. The non-radiological inventory of bituminized waste is included in Table 2.11
of the DGR Reference Inventory Report (OPG 2010).
References:
D'Agostino, R.B. 1986. Tests for the Normal Distribution. In D'Agostino, R.B. and Stephens, M.A. Goodness-of-Fit
Techniques. Marcel Dekker, New York, USA.
IAEA. 2009. Determination and Use of Scaling Factors for Waste Characterization in Nuclear Power Plants.
International Atomic Energy Agency Nuclear Energy Series report NW-T-1.18. Vienna, Austria.
Liberda, K. 2012. Addendum to OPG DGR: Key Radionuclide Activity Uncertainty. NWMO Technical Memorandum
NWMO TM-03130 R0 - enclosed with OPG letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for
Low and Intermediate Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1
Responses”, CD# 00216-CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
Sedor, K. 2012. OPG DGR: Key Radionuclide Activity Uncertainty. NWMO Technical Memorandum, NWMO-TM03130 R0. Toronto, Canada. (CEAA Registry Doc# 366)

EIS-06-263

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide the studies that resulted in the “…new specific activity information” referred to in the Revision Summary of
revised Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository.
Clarify whether this information was applied to the characterization of already packaged wastes. If not, provide a
justification.
Explain how this information was applied to future waste projections.
Context:
Comparison of the Reference Low and Intermediate Level Waste Inventory Report to the August 2008 version of the
Reference Low and Intermediate Level Waste Inventory Report (R01) generates questions. The Reference Low and
Intermediate Level Waste Inventory Report Revision Summary, page 6, refers to “…new specific activity information…”
but does not present any context regarding this new information. It is unclear if new information was utilized only going
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forward or if it used to adjust historical data, Some of this new information is inconsistent with the information presented
in the August 2008 version of the Reference Low and Intermediate Level Waste Inventory Report (R01).
For example, by comparing the Reference Low and Intermediate Level Waste Inventory Report Table 3.3 - Estimated
Reactor Refurbishment Radionuclide Inventory at 2062, page 32, lists uranium and transuranic radionuclides in waste
streams that are not listed in the August 2008 version of the Reference Low and Intermediate Level Waste Inventory
Report (R01) Table 3.3, page 19. The only change found in the text mentioned recent gamma scans of the steam
generator in storage at Bruce (Reference Low and Intermediate Level Waste Inventory Report Section 3.2, page 29).
OPG Response:
The August 2008 version of the Reference Inventory Report (OPG 2008) was preliminary, and based on the information
available at that time. Waste characterization is an ongoing activity and waste characteristic data (including specific
activity information) may be updated periodically as additional samples are collected and analyzed for the various waste
types. The 2010 Reference Inventory report (OPG 2010) is the summary of a number of inputs from various internal
studies including the 2008 version of the report and subsequent studies. The studies that resulted in new specific activity
information included measurements on incinerator ash, compilation of ORIGEN modelling results for retube wastes,
compilation and review of available data on Bruce Units 1 and 2 steam generators, gamma scan measurements of Bruce
retube waste packages, and review and update of specific scaling factors in particular to provide more complete
coverage of key radionuclides across all waste streams.
Revisions to the waste characterization information for a given waste type are assessed for whether they are applicable
to historic waste of that same type. If the revisions are applicable, then the historical inventory in already-packaged
wastes is adjusted. If they are not applicable, then a new waste type designation is created in the waste tracking
database for the new wastes and they are tracked separately from the old wastes.
An example where the historical package data would not be adjusted is the incinerator ash, where the ash from the old
incinerator is tracked separately from that for the current incinerator because of their different operating conditions and
therefore different waste characteristics. In this case, revised ash waste characterization is only applied to ashes
generated by the new incinerator.
The revised information on a given waste type is used for future projections of volumes of that waste type.
References:
OPG. 2008. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository (Preliminary).
Ontario Power Generation report 00216-REP-03902-00003-R01. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/539_ReferenceLowandIntermediateWasteInventoryfortheDGR.pdf)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
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Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-264

 Section 8.1,
General
Information and
Design
Description

Information Request:
a) Provide the following additional information regarding the determination of waste stream radionuclide content:


the rationale for scaling factors used; and



an error analysis that addresses the uncertainty introduced by the use of scaling factors.

b) Provide an analysis of the uncertainty in data as presented in Appendix D and explain how the inventory was
adjusted for the assessment to assure that the assessment is bounded considering these uncertainties.
Context:
The information presented in Reference Low and Intermediate Level Waste Inventory Report Table B.1, page 53,
indicates incomplete assessments. For example, there are nine radionuclides measured in only one waste stream and
their presence is not considered in the other waste streams, yet several radionuclides have not been measured in any
waste stream so they are scaled or inferred based on their presence in used fuel into every waste stream. The logic of
this approach is not obvious.
The Reference Low and Intermediate Level Waste Inventory Report Table B.1, page 53 presents data that suggests C14/H-3 ratios from 2.2 to 2.4E-5, with no explanation, but all H-3 values are scaled, presumably from C-14.
The analysis presented in the Reference Low and Intermediate Level Waste Inventory Report Appendix D, page 67,
identifies numerous uncertainties and inadequacies in the data and discusses the application of scaling factors. For
example, Appendix D.2.0, page 68, identifies use of C-14/H-3 ratios that have not been validated; use of limited data for
resins and sludge; as well as for I-129, Cl-36 and Tc-99 (key radionuclides for evaluating DGR performance and
potential doses). Appendix D Table D.1, page 70, presents uncertainty information differentiated by the log dispersion
that seems to represent wide variations in the limited data (e.g., LD values of 45 for Co-60 and 87 for Cs-137 for
Miscellaneous IX Resins). Such a wide dispersion on such easily measured isotopes begs that question whether this
waste stream can be reasonable characterized as a single stream.
OPG Response:
a) Additional Information Regarding the Determination of Waste Stream Radionuclide Content
Rationale for Scaling Factors
The reference inventory (OPG 2010) is calculated using waste package activity levels that are based on direct
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measurement, scaling factors or modeled amounts.
Gamma-emitting radionuclides such as Co-60 and Cs-137 are easy to measure in waste packages using external
equipment. Alpha and beta emitters are difficult to measure as they require extensive sampling and destructive
radiochemical analysis of the waste. Typically a waste characterization program will have more gamma emitter data
than alpha and beta emitter data, due to the relative ease of collecting the gamma data. Scaling factors provide an
approach to use the larger number of gamma emitter measurements to strengthen the estimate for the alpha and beta
emitters. Model-based scaling factors are also used, especially for estimating the amounts of different isotopes when
one isotope has been determined from measurements. Scaling factors are an internationally accepted approach and are
described in international standards and guidelines (ISO 2007, IAEA 2009).
In selecting scaling factors, OPG typically evaluates the scaling of the difficult-to-measure radionuclide with a few easyto-measure “marker” radionuclides to see which provides the best correlation. Co-60 is generally found to be a useful
marker radionuclide for other activation-based radionuclides, while Cs-137 is generally found useful for fission-based
radionuclides. International practice may also influence the choice of scaling factor.
Scaling factors may vary between waste streams. For example, the measured C-14/H-3 ratio in ash is different from the
C-14/H-3 ratio in bulk low-level wastes; this is plausible since the amount in the ash is dependent on the relative trapping
fraction of these atoms in ash during incineration.
Uncertainty Due to Scaling Factors
Measurements are preferentially used for estimating inventories, then measured waste-stream-specific scaling factors,
and then either measured waste-stream scaling factors from a similar waste stream or model scaling factors.
Measurements or scaling factors are used to provide an inventory for all important radionuclides in all the waste streams
that contribute significantly to the total inventory of these radionuclides. Inventory estimates are also provided for most
radionuclides in most waste streams, even where they are only present in low amounts.
However, some radionuclides in some waste streams do not have an inventory value listed in the DGR Reference
Inventory report (OPG 2010). This is because they are either not measured to be present or are expected to be only
present in minor amounts in that waste stream. For example, Ra-226 is listed under Non-Processible Boxes because
radium sealed sources are included in this waste stream. In other waste streams, Ra-226 would only be present as a
decay chain product of U-238, and the amounts would be small because of the long half-life of U-238 and typically low
amounts of U-238.
The inventory uncertainty due to radionuclide and waste streams for which no value is provided in OPG (2010) is not
important to the safety case, since these are minor contributors to the total amount of each radionuclide available within
the DGR.
The ongoing waste characterization program will further improve the completeness and accuracy of the inventories in the
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various waste streams.
b) Analysis of the Uncertainty in Data as Presented in Appendix D
An assessment of the known uncertainties in the waste stream activities is provided as part of the DGR Reference
Inventory report (OPG 2010, Appendix D). This provides information on the confidence in the reference inventories
presented elsewhere in this report. It also provides direction for the ongoing OPG waste characterization program. For
example, since the OPG (2010) report was issued, further characterization has been conducted on baghouse ash, nonprocessible boxed waste, ILW resins, ALW sludge, pressure tubes and filters (and others) which help address specific
uncertainties noted in this Appendix.
Appendix D provides an overview of the inventory uncertainties; it is not limited to radionuclides and waste streams that
are important to the safety assessment (OPG 2011, Section 5.10). However, the uncertainties in most radionuclides or
waste streams are not large enough to affect the conclusions of the safety case due to the large safety margins and
since only a few radionuclides contribute to potential dose impacts (see OPG’s supplementary response to Information
Request (IR) EIS-01-06, OPG 2012b).
The characterization of the uncertainty in inventory for key radionuclides is addressed in detail in OPG’s responses to
IRs EIS-01-05 (OPG 2012a) and EIS-01-06 (OPG 2012a, 2012b). The Preliminary Safety Report shows that an order of
magnitude uncertainty in all radionuclide inventories, including these key radionuclides, resulted in an order-ofmagnitude increase in maximum calculated dose, but still well below the criterion (OPG 2011, Section 8.8.2.2 and 8.9).
References:
IAEA. 2009. Determination and Use of Scaling Factors for Waste Characterization in Nuclear Power Plants. IAEA
Nuclear Energy Series NW-T-1.18. Vienna, Austria.
ISO. 2007. Scaling Factor Method to Determine the Radioactivity of Low and Intermediate Level Radioactive Waste
Packages Generated at Nuclear Power Plants. ISO 21238. Geneva, Switzerland.
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001-R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
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Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD# 00216CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)

EIS-06-265

 Section 10,
Existing
Environment
 Section 10.1,
Biophysical
Environment

Information Request:
Provide a detailed analysis of potential groundwater flow through the Cambrian aquifer and the impact of this flow on the
predicted performance of the repository, notwithstanding the mechanism responsible for the composition of Cambrian
formation waters.
Context:
The discussion of Cambrian fluid chemistry indicates that the fluid composition may represent a recent change. Although
several possibilities are identified, the mechanism responsible for the resupply of basin groundwater is not known.
OPG Response:
Within the relevant timeframes for establishing a repository safety case (1 Ma), groundwater and/or solute transport
within the Cambrian aquifer will have no material impact on Deep Geologic Repository (DGR) performance or safety.
Evidence supporting this conclusion has been provided in Ontario Power Generation’s response to Information Request
(IR) EIS-04-129 (OPG 2012). In summary, an assessment of lateral radionuclide and contaminant migration in the
Cambrian unit was not performed due to the depth and regionally confined nature of the aquifer, and because a
postclosure analysis of a hypothetical conservative scenario (described below) estimated the public dose consequence
to be many times less than the DGR dose criterion of 0.3 mSv/a. A summary of information related to the Cambrian
Formation and its role with respect to DGR safety is described below.
The Cambrian unit represents a confined aquifer within the deep groundwater system at the base of the sedimentary
sequence beneath the Bruce nuclear site. The aquifer is saline and non-potable, with groundwater Total Dissolved Solid
concentrations of approximately 225 g/L. At a regional scale, the aquifer is not readily accessible: i) it is isolated by the
thick overlying system of Ordovician and Silurian aquitard/aquicludes; ii) the aquifer terminates several kilometres east of
the Bruce nuclear site; and iii) the nearest Cambrian outcrop is more than 100 km from the DGR site. Multi-disciplinary
information gathered during site-specific investigations indicates that vertical transmissive connections between the
Cambrian and overlying confined Silurian aquifers (Guelph and Salina A1 upper carbonate) do not exist. The evidence
supporting the above information and isolated nature of the Cambrian aquifer is provided in the Geosynthesis report
(NWMO 2011; Sections 2.2, 2.3, 4.4, 5.2, 5.4, and 8).
The Cambrian groundwaters are enriched in Cl, Br, 18O and 87Sr/86Sr, a geochemistry that is indicative of an ancient
seawater origin and long time periods for water-rock interaction. Although the mechanism(s) responsible for the
presence of high geochemical gradients between the Cambrian/Shadow Lake Formation groundwaters/porewaters and
the overlying Ordovician carbonates cannot be definitively characterized, the confining character of the Ordovician host
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and bounding formations is most relevant in the establishment of the Safety Case. The low hydraulic conductivity of the
overlying Ordovician formations (Kh of 10-12 to 10-15 m/s; INTERA 2011, Figure 4.88), which are the primary barriers to
radionuclide transport, and numerical simulations (Sykes et al. 2011) illustrate that solute transport within these
formations is diffusion dominant and relatively insensitive to external perturbations or groundwater flow and/or
geochemical processes that may occur within the Cambrian aquifer or underlying Precambrian.
To assess the dose consequence of radionuclide and contaminant migration from the DGR into the Cambrian aquifer, a
postclosure analysis was completed. The analysis considered the hypothetical situation of drinking the groundwater
within the Cambrian directly beneath the DGR (QUINTESSA et al. 2011, Section 7.1.2). Although the groundwater
within the Cambrian is not potable or readily accessible, the estimated peak hypothetical dose is about 0.002 mSv/a at
1.5 million years. This estimate is approximately 100 times less than the DGR public dose criterion of 0.3 mSv/a.
Lateral advective or diffusive migration within the Cambrian aquifer would lead to lower predicted dose consequences.
In summary, the Cambrian unit represents a confined aquifer within the deep groundwater system at the base of the
sedimentary sequence beneath the Bruce nuclear site. Multi-disciplinary information gathered during site-specific
investigations indicates that vertical transmissive connections between the Cambrian and shallow groundwater system
do not exist (NWMO 2011, Sections 2.2, 2.3, 4.4, 5.2, 5.4 and 8) and that solute transport within the host and bounding
Ordovician formations is diffusion dominant. Based on the evidence supporting the confined nature of the Cambrian
aquifer, the geochemical data indicating a groundwater system that is ancient, and the estimated low public dose
consequence beneath the Bruce nuclear site, further assessment of lateral groundwater flow and solute migration within
the Cambrian is not necessary as it would not materially change the DGR Safety Case.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc#300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-00531-00138,
September 6, 2012. (CEAA Registry Doc# 725)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
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EIS-06-266

 Section 8.2, Site
Preparation and
Construction

Information Request:
Provide additional discussion and justification of the limited geophysical testing planned in the vertical shaft to identify
and evaluate the EDZ.
Context:
The Geoscientific Verification Plan TSD, Section 2.1.4.1, page 8, indicates that extent and physical/hydraulic
characteristic of the EDZ in the vertical shaft will be investigated during the construction phase. However, the report only
indicates geophysical measurements (ultrasonic velocity) will be conducted at the proposed seal locations. The rationale
for limiting the geophysical measurements to only the proposed seal locations is unclear.
OPG Response:
The Geoscientific Verification Plan lists proposed activities to characterize the properties and geometry of the disturbed
and damage zone around the excavated shaft openings (NWMO 2011a). This plan was developed based on the insight
gained in the understanding of the formation, evolution and geometry of the Excavation Damaged Zone (EDZ) in the
sedimentary sequences at the Bruce nuclear site (FRACTURE SYSTEMS 2011 and NWMO 2011b). An important
aspect of this program is that characterization will be based on a combined series of measurements using geologic,
hydrogeologic and geophysical techniques. It is this multi-disciplinary approach to EDZ characterization that provides a
strong basis to interpret conditions and verify numerical predictions. A brief description of these various techniques is
presented in Section 2.1.4 of the Geoscientific Verification Plan (NWMO 2011a). At the time of implementation, detailed
plans will be developed with the intent of ensuring that the best available practice and techniques, as demonstrated
through experimentation at Underground Research Laboratories, will be applied.
With respect to the geophysical measurements alone, the intent is to log rock mass and EDZ properties by ultrasonic
velocity logging techniques. These measurements will be conducted in radially oriented boreholes extending 10 m
beyond the shaft excavation face. This process would allow correlation of velocity measurements with observed fracture
patterns and physical permeability measurements (NWMO 2011a, Section 2.1.4). Ultrasonic velocity measurements at
regular intervals in boreholes are considered one of the simplest methods, which can be conducted either standalone or
integrated with tomographic or reflection surveys. Schuster and Alheid (2007) have used the BGR mini-sonic probe to
determine the extent of the EDZ around the PA-shaft at the Laboratoire Meuse Haute Marne (Bure URL) in France.
They have also carried out similar measurements at the Mont Terri Rock Laboratory in Switzerland (Martin et al. 2002).
Other suitable geophysical techniques, such as ground penetrating radar, resistivity, sonic, acoustic emission and
seismo-electrical methods will also be considered depending on the site situation (NWMO 2011a, Section 2.1.4).
A proposed radial configuration of measurement boreholes for the EDZ characterization at selected shaft testing
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horizons are presented in Figure 2.2 of the Geoscientific Verification Plan (NWMO 2011a). Prior to any testing and
instrumentation, these boreholes will be inspected and logged using a borehole camera (Optical Televiewer) and/or
Acoustic Televiewer. This geological characterization will provide identification of fractures induced by excavation. As
described in the Geoscientific Verification Plan (NWMO 2011a, Section 2.1.4.2), further sampling of the shaft wall will be
carried out at selected boreholes using epoxy resin injection and overcoring as used at the Mont Terri Rock Laboratory
and the Laboratoire Meuse Haute Marne (Bure) (FRACTURE SYSTEMS 2011, Section 3.2.3).
It should be noted that the selected locations for EDZ characterization were chosen from knowledge gained by analysis
of long-term shaft integrity as described by ITASCA (2011). In this case the selected horizons represent a range of EDZ
conditions expected within the DGR shafts. This is particularly important for the Cabot Head Formation in which the
predicted EDZ extent was the largest and served as a basis for consideration in DGR safety analyses (NWMO 2011b,
Section 6.4.3.1 and QUINTESSA et al. 2011, Executive Summary).
References:
FRACTURE SYSTEMS. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Martin, C.D., G.W. Lanyon, P. Blümling and J.-C.Mayor. 2002. The Excavation-disturbed Zone Around a Test Tunnel in
the Opalinus Clay. Proceedings of the North-American Rock Mechanical Society (NARMS) Meeting, Toronto, Canada.
NWMO. 2011a. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Schuster K. and H.-J. Alheid. 2007. EDZ Characterization with Ultrasonic Interval Velocity Measurements in the URL
Meuse/Haute-Marne – Performed between Depth of 85 m and 504 m. International Meeting, Clays in Natural and
Engineered Barriers for Radioactive Waste Confinement, September 17-18, 2007, Lille, France.
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Information Request:
Provide a detailed program of EDZ testing and measurement in the shafts during the construction phase and prior to the
emplacement of the shaft seals. Include details on how representative hydraulic conductivities will be obtained in the
EDZ.
Context:
The Geoscientific Verification Plan TSD, Section 2.1.4.3, page 9-10, indicates that measurements will be conducted in
dedicated boreholes to characterize changes in rock mass permeability resulting from EDZ formation. However, no
further details regarding the number, location, and methods used for this permeability test of the EDZ have been
provided.
OPG Response:
The Geoscientific Verification Plan describes activities to be undertaken during DGR vertical and lateral development
(NWMO 2011a). These activities are intended to confirm sub-surface geologic and geotechnical conditions in support of
DGR engineering decisions and design, and the DGR safety case. As part of this proposed work program, an integrated
multi-disciplinary approach has been developed for characterization of the Excavation Damaged Zone (EDZ) (NWMO
2011a, Sections 2.1.4 and 2.2.5). As described in the Ontario Power Generation (OPG) response to Information
Request EIS-06-266, this approach involves the combined application of geological, hydrogeological and geophysical
observations and measurement techniques to provide a thorough characterization of the EDZ properties. The
measurement techniques applied will ultimately be selected based on best available technology as demonstrated at
Underground Research Laboratories (URL), for example, Mont Terri (Switzerland), Bure (France) and Aspo (Sweden). A
description of the EDZ relevant to the DGR is provided in FRACTURE SYSTEMS (2011).
With respect to vertical DGR development a summary of activities and locations for EDZ characterization is provided
below in Table 1 (NWMO 2011a, Table 2.2). The selection of these test or formation locations was informed by
knowledge gained through analyses performed of long-term shaft integrity as described by ITASCA (2011). EDZ
development associated with sedimentary excavation is dependent upon site and formation specific attributes including:
1) stress magnitude (relative to the strength of the rock); 2) stress orientation and ratio (for anisotropic stresses); 3)
excavation shape; 4) excavation method; and 5) type of rock response (Tsang et al. 2005 and NWMO 2011b, Section
6.3.1). It is expected that unless changes in the above factors are experienced during the DGR preclosure phase, EDZ
creation would principally occur at the time of construction. This is illustrated by the numerical assessment of the DGR
shaft damage zone by Itasca (ITASCA 2011, Section 7.4).
With respect to permeability measurements the proposed shaft borehole geometry is shown in the Geoscientific
Verification Plan (NWMO 2011a, Figure 2.2). The total number of horizontal boreholes required at each measurement
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location and their bearing will be adjusted during detailed planning to capture maximum expected EDZ development.
Based on the Geoscientific Verification Plan (NWMO 2011a), like other EDZ characterization activities, the hydraulic
measurement will be conducted at selected horizons in the Salina Formation (F, C, A2 and A1 Units), the Cabot Head
Formation, the Queenston Formation, the Georgian Bay Formation and the Blue Mountain Formation. As noted above,
best practice will be followed for physical measurement of EDZ permeabilities based on URL experience. Different
techniques exist to measure EDZ permeabilities, the following representing several examples (Martin et al. 2002):
1. SEEPI tool developed by ANDRA (France). This instrument is more appropriate for logging and surveying the
hydraulic information along boreholes. The SEPPI tool was employed in the hydraulic testing in the Granite at
the URL in Pinawa, Canada, at the Aspo Hard Rock Laboratory, Sweden, and in the Opalinus Clay at Mont Terri;
and
2. MMPS mini-packer system developed by Solexperts for Nagra (Switzerland). This miniature packer system is
more appropriate for both hydraulic testing and long-term monitoring. The system was successfully used in the
granite at Grimsel Test Site (GTS), Switzerland, in the Opalinus Clay at Mont Terri Rock Laboratory,
Switzerland, and in the Callovo Oxfordian Argilite at Laboratoire Meuse Haute Marne (Bure), France.
Table 1: Summary of Shaft Investigation Activities Relative to Rock Formations

(mBGS)

All formations

~680

Salina F

43

179

Salina C

15

245

Salina A2

28

293

937

Rock
Response

Core retrieval

Geophysics

EDZ

In situ Stress
Underexcavation
experiment

Formation

O/C stress
measurement

(m)

In situ geomechanical
Testing

Formation

ACTIVITY

Excavation
deformation
measurement

Top of
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measurement
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(Carb.)
Salina A1

40

326

Cabot Head

24

411

Queenston

73

448

Georgian Bay

89

518

Blue Mountain

41

609

Cobourg

36

652
Geoscience Verification Activity
Shaft Location for EDZ Verification Studies
(minimum of 4 locations selected for EDZ Characterization)

At the time of DGR decommissioning and shaft seal emplacement, approximately 40 to 45 years following initiation of
operation, all infrastructure including shaft support structures, concrete liners and an estimated 0.5 m thick layer of EDZ
damaged rock along the shafts will be removed. The EDZ properties measured from the activities in the Geoscientific
Verification Plan (NWMO 2011a) will be re-assessed to confirm predicted seal performance and adequacy.
References:
FRACTURE SYSTEMS. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Martin, C. D., G.W. Lanyon, P. Blümling and J.-C. Mayor. 2002. The Excavation-disturbed Zone around a Test Tunnel
in the Opalinus Clay. Proceedings of the North-American Rock Mechanical Society (NARMS) Meeting, Toronto,
Canada.
NWMO. 2011a. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
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Tsang, C.F., F. Bernier and C. Davies. 2005. Geohydromechanical Processes in the Excavation Damaged Zone in
Crystalline Rock, Rock Salt, and Indurated and Plastic Clays—in the Context of Radioactive Waste Disposal.
International Journal of Rock Mechanics and Mining Sciences 42(1), 109-125.

EIS-06-268

 Section 13, LongTerm Safety of
the DGR

Information Request:
Describe the program for testing the performance of the various materials that will be used to seal the shafts, under the
various conditions encountered over the full extent of the shafts.
Context:
While the Geoscientific Verification Plan TSD, Section 2.2.8, page 21, outlines a program for evaluating sealing materials
at the level of the repository in the Cobourg Formation, the plan does not appear to provide for a program to test the
performance of the sealing materials that will be used to seal the vertical shaft. A program is needed to support the
evaluation of the performance of the sealing materials.
OPG Response:
The shaft seal design is based on the use of simple, relatively well understood and durable materials that can be readily
emplaced within the shafts. It is similar in concept to the WIPP facility shaft seal design (Hansen and Knowles 2000).
Material properties have been taken from the international literature.
The final shaft seal design will be informed by laboratory tests, longer-term in-situ tests at the site, and
international/national experiences in seal performance. The results from all these tests will enhance the confidence in
the performance of the final DGR shaft seal design, to be submitted and reviewed as part of the decommissioning
licence application several decades from now.
The test program is outlined below.
Laboratory Tests
The characteristics of the reference shaft seal materials (bentonite-sand, concrete, and asphalt mix) are currently being
tested on laboratory scale tests for physical and chemical properties under fresh water and saline water conditions. The
tests include, for example, chemical and mineralogical compositions, porosity, relative permeability and capillary
pressure functions, unconfined compression tests, and triaxial compression tests. These tests, with input from the in-situ
tests described below, will be ongoing to support the optimization of the shaft seal materials.
Construction Phase Tests
The Geoscientific Verification Plan (NWMO 2011) describes tests to be undertaken or initiated during the construction
phase. They are primarily focused on the collection of sub-surface geoscience data to support the DGR design, and to
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support the future operating licence application. The Plan includes the initiation of long-term in-situ shaft seal material
tests (NWMO 2011, Section 2.2.8). These tests will provide early confirmation of the compatibility of these materials in
the saline, low permeability, low porosity rock mass setting.
Operation Phase Tests
Future in-situ tests are planned during the operations phase, and would be described in more detail as part of an
operating licence application. These tests will investigate the following:







Demonstrate the long-term performance of the seal materials;
Further improve our understanding of gas transport through the seal materials in shaft;
Assess the role of Excavation Damaged Zone (EDZ) and interface between the host rock and the shaft seal
materials in gas transport;
Confirm the self-sealing of the bentonite/sand and asphalt mix;
Investigate potential self-sealing of Ordovician shale or limestone along the EDZ; and
Understand the upscaling from small laboratory-scale tests to larger in-situ tests.

These tests will support optimization and demonstration of the final shaft seal design to be submitted as part of the
decommissioning licence application.
International Tests
Other national waste management organizations are also very interested in seal performance, and OPG’s contractor will
collaborate with these other organizations on appropriate tests and studies. For example, the NWMO is currently
participating in the following relevant international tests:


HG-A test at the Swiss Mont Terri underground laboratory - A study of gas flow behavior through Opalinus Clay
and the EDZ around a tight seal
(http://www.nagra.ch/g3.cms/s_page/83390/s_name/experimentsinthemontterrirocklaboratory);



LASGIT test at the SKB Aspo underground research laboratory - A full-scale study of the gas behavior through
bentonite material to the host crystalline rock (http://www.skb.se/templates/SKBPage____5403.aspx);



Enhanced Sealing Project at the AECL underground research laboratory - Monitor the THM (thermal-hydraulicmechanical) response of a full-scale shaft seal installed as part of the decommissioning of this facility (Dixon et
al. 2011).

We will continue to participate in these and other future relevant tests. Other international programs will be increasing
effort on this area as well in this timeframe as their programs also mature and they move into construction and
operations.
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References:
Dixon, D., J. Martino, B. Holowick and D. Priyanto. 2011. Enhanced Sealing Project: Monitoring the THM Response of a
Full-Scale Shaft Seal. Proceedings CNS Waste Management, Decommissioning and Environmental Restoration for
Canada’s Nuclear Activities. Toronto, Canada.
Hansen, F.D. and M.K. Knowles. 2000. Design and analysis of a shaft seal system for the Waste Isolation Pilot Plant.
Reliability Engineering and System Safety 69(1-3) 87-98.
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-269

 Section 12,
Accidents,
Malfunctions, and
Malevolent Acts

Information Request:
Describe the proposed measures to support response to accidents, malfunctions, and malevolent acts, including beyond
design basis events. Provide specific information regarding the notification and protection of adjacent communities,
including notification regarding the potential for limiting or restricting commercial fishing in the Regional Study Area.
Describe administrative measures and the organizational responsibilities for response, protection, and coordination. This
includes notification and assistance in the event of accident or malfunction conditions that trigger action beyond the DGR
boundary.
Discuss response measures, including an evaluation of notification means and evacuation time estimates and
associated protective measures to minimize impact on the public.
Should restricted access or clean-up measures be needed in the surrounding environment, describe measures that
would be provided to minimize both short term and long term impacts.
Context:
As described in the EIS Guidelines, Section 14: “The description must include the safeguards that have been established
by the proponent to protect against such occurrences and the contingency procedures in place. Accident management
typically relies heavily on the evacuation of personnel and of the population, as required…”. “The proponent must
demonstrate that the requirements for adequate infrastructure external to the DGR site are met. The need for any
necessary administrative measures must also be identified together with the responsibilities of organizations other than
the proponent… The proponent must provide a description of any contingency, clean-up or restoration work in the
surrounding environment that would be required during, or I mmediately following, the postulated malfunctions and
accidents.”
The EIS does not provide an evaluation of the adequacy of the site and surrounding community environment, including
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infrastructure, to address accident evaluation, response, and mitigation.
The Malfunctions, Accidents and Malevolent Acts TSD, section 4.4.2, page 36, addresses Emergency Preparedness.
This section appears to rely on the Bruce EP capabilities with support from municipal fire departments, regional medical
officers and Kincardine health and safety services. The need for an independent response capability for the DGR does
not seem to have been evaluated or discussed.

OPG Response:
The emergency response processes, and supporting DGR design considerations, are described in OPG’s response to
Information Request EIS-06-271. With respect to notification, protection and potential clean-up or restoration of the
environment of adjacent communities, the evaluation of postulated accident scenarios to support the preclosure safety
analysis (OPG 2011, Chapter 7) showed no beyond release limit conditions outside of the boundary of the Bruce nuclear
site. As such, there would be no requirement for notification or action (such as evacuation) outside of Bruce nuclear site
as a result of a DGR incident.
However, OPG have established event notification procedures consistent with CNSC RD 99.3 - Public Information and
Disclosure requirements. Beyond notification requirements to the CNSC, should there be an event which triggers a
public interest notification (i.e., anticipated effects on the environment, health or safety of the public), OPG have
established protocols at the Western Waste Management Facility that would extend to the DGR project. These protocols
include local preliminary event notifications as well as broader notification requirements through OPG’s Corporate
Relations through a 24/7 on-call duty officer.
Further to the above, and to provide clarity, the responsibility for nuclear facility off-site emergency response in Ontario
rests with Emergency Management Ontario, a part of the Ministry of Community Safety and Correctional Services. The
Provincial Nuclear Emergency Response Master Plan, and its associated Implementing Plan for Bruce Power,
prescribes the measures that should be undertaken to deal with a nuclear emergency caused by an accident/event at the
Bruce Power Site. While these Plans focus on potential reactor accidents, they provide the infrastructure and processes
to handle other potential nuclear incidents as well.
Reference:
OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report. Ontario Power
Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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Information Request:
Provide an evaluation of high-consequence events occurring with an annual frequency of less than 10-7.
Context:
Events with less than 10-7 frequency should be considered if the potential consequences of specific, very low-likelihood
events are severe.
OPG Response:
Initiating events for potential accidents during Deep Geologic Repository (DGR) operation were listed in Table 7-25 of
the Preliminary Safety Report (OPG 2011). Accident scenarios with an annual initiating event frequency of < 10-7 were
identified. The basis for the low frequency for these events is outlined in Section 7.5.1.2 of OPG (2011) and also in
OPG’s response to Information Request (IR) EIS-01-03 (OPG 2012). These events were not analyzed further in the
Preliminary Safety Report, since they did not have a reasonable probability of occurring during the life of the project
(CEAA and CNSC 2009, Section 12), and due to their low probability they were assessed to pose no unreasonable risk
to the public.
In the response below, information is provided on the dose consequences of these events. In general, for estimating
impacts, a member of the public is conservatively assumed to be at the nearest Bruce nuclear site boundary from the
DGR. The dose criterion for members of the public for abnormal operating conditions or credible accidents during the
DGR operational period is 1 mSv (OPG 2011, Section 7.1.2.1).
a) Criticality
A criticality accident cannot happen. The repository specifically does not accept used fuel nor used fuel fragments.
Furthermore, even CANDU used fuel itself cannot become critical except under specific reactor-like conditions that
include being immersed in heavy water - this is not physically possible in the DGR. The amount of fissile material in
the DGR is low, widely dispersed, and well mixed with other materials that would further prevent criticality.
b) Explosion
An explosion affecting waste packages is not credible since: (i) use of explosives for construction will have been
completed before any packages are emplaced; (ii) wastes do not contain explosive materials; (iii) continuous
ventilation during operations; and (iv) lack of ignition source.
If a flammable gas explosion were to occur in an emplacement room in an open panel, the explosion pressure and
shock waves could impact the waste packages resulting in the breach of exposed waste packages. The
consequences are estimated using the same methodology considered in the safety analysis for U.S. Waste Isolation
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Pilot Plant (WIPP) (DOE 2006, Section 3.4.2.5, Scenario UG 2-1). The consequence methodology is similar to that
for the in-room waste package breach scenario (OPG 2011, Appendix A.3.2.2).
The source term was calculated by Equation 7-5 of OPG (2011). Four types of waste packages were analyzed:
shielded ILW moderator resin packages (each holding two resin liners), unshielded ILW moderator resin packages,
LLW non-processible boxes, and LLW non-processible drums. The product of airborne release fraction and
respiratory fraction was taken to be 1.5x10-3 for all packages, a value used in WIPP’s UG 2-1 scenario. The damage
ratio was taken to be 0.1 for shielded (robust) package, a value used in WIPP’s UG 2-1 scenario. The damage ratio
was conservatively taken to be 1 for unshielded packages; the leakpath factor was conservatively taken to be 1 for
all packages.
If a flammable gas explosion were to occur in an emplacement room, the estimated dose to a member of the public
due to breaching of the front array of waste packages (as analyzed in WIPP Scenario UG 2-1) would be as given
below for each type of waste packages:


Shielded moderator resin packages: 0.004 mSv (3 per row);



Unshielded moderator resin packages: 0.025 mSv (4 per row and stacked 2 rows high);



Non-processible boxes: 0.001 mSv (4 per row and stacked 5 rows high);



Non-processible drums: 0.001 mSv (4 per row and stacked 5 rows high).

If multiple rows of waste packages were breached, the estimated dose to a member of the public would be increased
by the number of rows of arrays breached.
c) Lightning Strike
The above ground structures will be designed with lightning protection. Lighting striking these buildings is credible.
The consequence of such an event is bounded by the Waste Package Receiving Building (WPRB) fire, which was
assessed in Section 7.5 of OPG (2011). The maximum estimated dose to a member of the public is < 0.001 mSv
due to WPRB fire (OPG 2011, Table 7-39).
The likelihood of lightning strike on waste packages during transit is considered not credible due to the low target
area of the packages, and the restriction on transport from the Western Waste Management Facility to the DGR
when there is lightning risk in the area. If lightning strikes and sets fire to waste packages during transit, the
consequence of such an event is bounded by the outdoor waste package fire, which was assessed in Section 7.5 of
OPG (2011). The maximum estimated dose to a member of the public is < 0.001 mSv due to outdoor waste
package fire (OPG 2011, Table 7-39).
d) Tornado
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Tornadoes are very localized. The likelihood of a direct hit on the WPRB is < 10-7/a due to the small footprint of the
WPRB and low annual frequency of 1 tornado per 10,000 km2 in southern Ontario, and the likelihood of dose
consequences is further reduced since waste packages are not normally stored at the WPRB. (Note that collapse of
the WPRB due to high winds was evaluated as a credible scenario.)
The consequences were estimated assuming 24 LLW packages and 2 unshielded ILW packages were staged in the
WPRB, as in the WPRB roof collapse scenario (OPG 2011, Appendix A.2.2.2). The source term was calculated by
Equation 7-5 of OPG (2011). The tornado scenario used a respiratory fraction (RF) of 0.2 except for volatiles such
as C-14 and H-3 which assumed RF=1. Damage ratio, airborne release fraction and leakpath factor were
conservatively taken to be 1. The atmospheric dispersion factor of 5 x 10-6 s/m3 used is conservative, five times
higher than the maximum atmospheric dispersion factor estimated over various tornado conditions and occurring at
about 2-3 km (ground level) away (Weber and Hunter 1996, Figure 6). The estimated direct dose to a member of
the public would be 0.03 mSv.
Placing the wastes underground in the DGR protects them from tornados by several hundred metres of rock.
e) External Fire
There would be no large forest fires near the DGR facility, as there is no forest in the vicinity. The nearest large
diesel or oil tanks are about 500-700 m away. The risk of an off-site external fire affecting the waste packages is not
credible.
The consequence of such an event is bounded by a WPRB fire, which was assessed in Section 7.5 of OPG (2011).
The maximum estimated dose to a member of the public is < 0.001 mSv due to WPRB fire (OPG 2011, Table 7-39).
f)

Aircraft Crash
The Bruce region has low levels of general aviation - typically small non-commercial, non-military aircraft. An aircraft
crash accidentally impacting on the above ground structures (WPRB and main or ventilation shaft headframe) is not
credible, due to small footprint of the above ground structures and low levels of general aviation in the Bruce region
(OPG 2011, Section 7.5.1.2).
If an aircraft were to crash onto the WPRB during DGR operation, the consequence of this would be limited to the
number of waste packages in the building or in the hoist. These packages may be breached or set on fire.
Accidents involving the collapse of the WPRB or fire in packages in the WPRB during DGR operation were assessed
in Section 7.5 of OPG (2011), and the maximum estimated dose to a member of the public is < 0.001 mSv (OPG
2011, Table 7-39). An aircraft crash could be a more severe accident. Based on analysis of an explosion in the
WPRB as a malevolent act (see OPG’s response to IR-EIS-06-248), a similar consequence of 0.03 mSv for an
airplane crash is estimated.
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Placing the wastes underground in the DGR protects them from aircraft crash by several hundred metres of rock.
g) Meteor Impact
Meteor impact on the DGR site sufficient to cause significant damage is not credible due to the small footprint of
aboveground structures and the very low likelihood of meteors hitting the site. Meteors with a one-in-a-million per
year chance of directly hitting the repository area would be about 0.1-1 m diameter (QUINTESSA et al. 2011,
pp.71-72). However, most such bodies would break up on their way through the atmosphere.
If a 1-m diameter meteorite did hit the ground intact, it could create a crater up to 4 m deep. The consequence of
this scenario would be limited to the waste packages staged at the WPRB for emplacement underground. This
scenario was not specifically assessed. However the consequences of collapse of the WPRB or fire in the WPRB
were assessed in Section 7.5 of OPG (2011), and the maximum estimated dose to a member of the public dose is
< 0.001 mSv (OPG 2011, Table 7-39). Also, the consequences of an explosion in the WPRB as a malevolent act
were assessed in the response to IR-EIS-06-248, and the maximum estimated dose was 0.03 mSv.
h) Flooding
Various flooding scenarios were evaluated for the DGR (AMEC NSS 2011). Coastal flooding is not credible,
because the DGR will be about 1 km from the shoreline and several metres above the lake level. Tsunamis are not
credible because of the low seismicity of the region and the geography of Lake Huron. Surface flooding due to
extreme rainfall is also not credible because the WPRB is placed at a local high point in the site drainage, and
specifically designed to be above a very conservative rainfall level.
Underground flooding of emplacement rooms during operation is very unlikely because: (i) the shaft collars and air
intake/outflow points are located above the maximum flood level; (ii) the host rock has very low permeability and
porosity; (iii) the permeable rock formations around the shaft will be contained by the shaft liner; (iv) the underground
sump pumps have capacity for flows much larger than the normal in-seepage rate; (v) the pumps are connected to
the DGR site backup power; (vi) the DGR shaft bottoms and access ramp below the repository level provide a large
volume that would need to be filled before water could spill into the emplacement rooms, which provides some time
for responding to water inflow.
The consequence of repository flooding is that the waste packages would be flooded and there would be release of
radioactivity into the water. The rate of release would depend on the radionuclide and type of container, and the
duration the packages are flooded. Releases would be faster for tritium and for LLW packages. However, if the
underground repository were completely flooded and all containers were assumed to be flooded, the estimated dose
to the public would be several orders of magnitude less than 1 mSv, because no significant levels of dissolved
radionuclides from the repository level would reach the surface for years due to the time needed for the diffusion of
contaminants laterally through hundreds of metres of access tunnel, and then upward through some 600 m of shaft,
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and then into the shallow groundwater aquifer at the DGR site. Even then the impacts would be small because of
the shaft liner, and the lack of public use of the groundwater aquifer at the DGR site. There would be time for
remediation measures to be put in place.
i)

Very Large Earthquake
The DGR site is a low-seismicity area, so very large earthquakes are very unlikely. The DGR seismic hazard
assessment has provided estimates of earthquakes that could occur in the area with a probability of 1:1000 years,
1:2500 years, 1:100,000 years and 1:1 million years (AMEC GEOMATRIX 2011). Analyses of the repository rooms
and shafts indicate that they can withstand a large earthquake.
The consequence of a very large earthquake is that there would be collapse of surface structures, cracking of the
shaft liner, rock fall within the repository, and toppling of some stacked waste packages. The consequence of water
leakage into the repository due to a cracked liner is discussed in (h) above. The consequence of package breach
underground has been estimated in Section 7.5 of OPG (2011), and public dose consequences estimated
as < 0.001 mSv for breach of up to five waste packages. The consequences of breach of more packages would in
general be proportionately more. However, a very large earthquake would also likely cause loss of power and
ventilation, and therefore the released radionuclides would not be swept out of the repository with the exhaust air,
and this would limit the dose consequences to the public. There would be time for remediation measures to be put
in place.

In summary, the consequences of various very low probability events have been estimated. The dose to a member of
the public for these events is estimated to be less than 1 mSv.
References:
AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix Inc. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-20 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada. (CEAA Registry Doc# 300)
DOE. 2006. Waste Isolation Pilot Plant Contact Handled (CH) Waste Documented Safety Analysis. IPP CH DSA.
Chapter 3: Hazard and Accident Analysis. U.S. Department of Energy, DOE/WIPP-95-2065, Rev. 10. Carlsbad, USA.
(available at http://www.osti.gov/bridge/servlets/purl/210965-8X8j37/webviewable/210965.pdf)
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
QUINTESSA, SENES and GEOFIRMA. 2011. Postclosure Safety Assessment: Features, Events and Processes.
Quintessa Ltd., SENES Consultants Ltd. and Geofirma Engineering Ltd. report for Nuclear Waste Management
Organization NWMO DGR-TR-2011-29 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
Weber A.H. and C.H. Hunter. 1996. Estimating Dispersion from a Tornado Vortex and Mesocyclone. Prepared for the
U.S. Department of Energy. Westinghouse Savannah River Company report WSRC-TR-94-0386, Rev 1. Aiken, USA.
(available at http://www.osti.gov/bridge/product.biblio.jsp?osti_id=251651)

EIS-06-271

 Section 12,
Accidents,
Malfunctions, and
Malevolent Acts

Information Request:
Provide an evaluation of the potential effect on DGR operations and safety should an accident occur at the Bruce
Nuclear Power Plant and the WWMF. Events causing concurrent accident conditions at all three facilities should be
considered.
Accidents beyond design-basis and affecting multiple generating units at the Bruce Nuclear Plant should be considered.
The EIS should describe the design features and measures needed at the DGR facility in the case of an accident at the
DGR or the Bruce Nuclear Plant.
Context:
The EIS Guidelines specifies: “The proponent must identify and describe the probability of possible malfunctions or
accidents associated with the project, and the potential adverse environmental effects of these events.”
Increasing the types and number of nuclear facilities (and associated radioactive inventories) on a single site brings with
it the increased potential for combined effects should an event occur.
Should an accident occur at the Bruce Nuclear Plant, there may be an impact on the continued safe operation of the
DGR, and vice versa.
OPG Response:
Should an accident occur at one of the Bruce Nuclear Power Plants, and/or the Western Waste Management Facility
(WWMF), the DGR would be informed through the Bruce nuclear site emergency sirens, tones and PA announcements,
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which are already in-place throughout the Bruce nuclear site. Upon notification, work at the DGR facility would cease
and the DGR emergency response procedures would be implemented. Staff would report to the respective muster
locations (e.g., underground refuge station) and await further instruction.
OPG’s response to Information Request (IR) LPSC-01-41 (OPG 2012) provides a detailed discussion of how the DGR
might be impacted by events occurring at the Bruce A and B nuclear generating stations, and OPG’s Western Waste
Management Facility. In the summary of IR-LPSC-01-41 it is stated that the most likely consequence of various
postulated accidents at other facilities on the Bruce nuclear site is that they would result in the DGR stopping its
construction or operation activities and going into a shutdown mode.
The design of the DGR, as described in Chapter 6 of the Preliminary Safety Report (OPG 2011), includes the necessary
features to address a postulated emergency event. These include communication systems, refuge areas, availability of
multiple egress, fire protection, emergency response and mine rescue, etc. In addition, OPG’s response to IR-LPSC-0145 (OPG 2012) provides information on emergency response and preparedness arrangements for the construction
phase of the DGR, and OPG’s response to IR-EIS-01-04 (OPG 2012) provides information related to contingency
planning during the operations phase.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)

EIS-06-272

 Section 13.1,
Demonstrating
the Long term
Safety of the
DGR

Information Request:

 Section 13.2,
Selection of
Assessment
Scenarios

While gas generation from microbial/biological degradation of the asphalt shaft seal is considered and screened out in
the Past Closure Safety Assessment, physical degradation resulting from microbial/biological activity at the interface of
the asphalt and the EDZ of the shaft is not considered.

Provide information on the potential consequence (radionuclide release to the biosphere) of microbial degradation of the
asphalt seal at the interface of the asphalt and shaft wall rock, under aerobic and anaerobic conditions.
Context:

OPG Response:
The shaft sealing system is a multi-component engineered barrier system designed to restrict the movement of gases
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and liquids from the repository through the shaft. One component of the shaft seal is an asphalt mastic mix segment
within the shale caprock section of the shaft. The asphalt seal is a mixture of sand, bitumen and hydrated lime.
The durability of the asphalt seal is discussed in Section 4.5.5 and Section E.6 of QUINTESSA (2011), and also (natural
analogues) in OPG’s response to Information Request EIS-03-64 (OPG 2012). The in-situ conditions are anaerobic due
to the depth of the asphalt seal (about 500 m underground). The bitumen component of the asphalt seal is resistant to
microbial degradation, unless the asphalt is exposed to water flow able to bring nutrients and remove metabolic products
(QUINTESSA 2011, Section 4.5.5). This is not the case in the DGR shaft, due to the low permeability of the rock and the
shaft seals, where transport is through diffusive processes.
If conditions allow anaerobic degradation to occur, the asphalt surface could degrade over a 10-60 cm thickness over 1
million years (QUINTESSA 2011, Section E.6). Therefore, for the 100,000 year time scale relevant to C-14 decay (the
main radionuclide in repository gas), a conservative upper estimate of thickness would be up to 10 cm.
The potential consequences of a degraded asphalt interface are described below for an illustrative “what if” calculation
case.
1) Model Description
The parameters of a postulated degraded asphalt interface for the “what if” calculation case are defined as follows:





Degraded radial width of 10 cm, across the entire 60-m depth of asphalt seal / shaft rock interface;
Degradation assumed to occur immediately after emplacement of the shaft seal;
Porosity of 0.3, since the asphalt mix has significant silica sand component; and
Hydraulic conductivity of 10-6 m/s, much higher than the asphalt seal material of 10-12 m/s.

The analysis was performed for the enhanced gas generation case of the Normal Evolution Scenario, NE-GG1 (see
GEOFIRMA and QUINTESSA 2011, Section 5.5, and OPG 2011, Section 8.8.2.4). This case was chosen as the basis
for the analysis as it leads to repository pressures sufficient to induce C-14 labeled gas flows up the shaft. The present
case with the degraded interface is designated as NE-12-ADI case (Normal Evolution, 2012, Asphalt Degraded
Interface). The results are given below.
Note that this analysis, NE-12-ADI, is based on the final preliminary design (OPG 2011, Section 8.4) and the final
geosphere properties given in the Descriptive Geosphere Site Model (INTERA 2011), whereas the NE-GG1 analysis was
based on the interim preliminary design (OPG 2011, Section 8.4) and an interim version of the Descriptive Geosphere
Site Model (QUINTESSA and GEOFIRMA 2011a, Section 5). The main difference relevant to this analysis is the slightly
higher repository void volume in the final preliminary design due to the added return air tunnels.
2) Results
The NE-12-ADI case was run with T2GGM Version 3.1 (QUINTESSA and GEOFIRMA 2011b). Repository pressure
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results are shown in Figure 1. Small differences from the NE-GG1 case presented in the Preliminary Safety Report
(OPG 2011) are primarily due to slightly increased repository volume for the final preliminary design. The peak
repository pressures for both cases are around the hydrostatic pressure at repository level.
Gas flow rates through the shaft section containing the asphalt seal and immediately above are compared to the NEGG1 results in Figure 2. Gas flow rates through the shaft system at the asphalt seal (Georgian Bay Formation in figure)
and immediately above (Queenston Formation in figure) are lower for the NE-12-ADI case compared with the NE-GG1
case, due to the lower repository pressure for the NE-12-ADI case as discussed above. At the Gasport Formation
elevation, shaft gas flow rate is zero for the NE-12-ADI case.
For the NE-GG1 case, the maximum calculated dose to persons assumed to be living directly over the repository (“Site
Resident Group”) is 9 x 10-11 mSv/a after 40,000 years due to C-14 (OPG 2011, Section 8.8.2.4). The maximum
calculated dose for the NE-12-ADI case would be less due to lower gas flow rates. This dose value is significantly lower
than the dose criterion of 0.3 mSv/a.
These results illustrate the use of asphalt and bentonite seals to provide redundancy in the shaft sealing. In the “what if”
case analyzed here, if the asphalt seal were to degrade due to microbial processes, then the bentonite seals - which are
not sensitive to microbial degradation - would remain present and able to ensure good sealing.
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Figure 1: Repository Pressure
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Figure 2: Gas Flow Rates through the Shaft
References:
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report for the Nuclear Waste Management Organization report NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
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Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report. OPG
report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
QUINTESSA. 2011. Postclosure Safety Assessment: System and Its Evolution. Quintessa Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011a. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto,
Canada. (available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011b. T2GGM Version 2: Gas Generation and Transport Code. Quintessa Ltd. and
Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-33 R000.
Toronto, Canada. (available at http://www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-06-273

 Section 2.4,
Sustainable
Development

Information Request:
Provide a description of the sustainability-based criteria that OPG adopted to evaluate and compare the alternative
means of carrying out the project, and a description of the relative contributions to sustainability of the alternative means
of carrying out the project.
Context:
In Section 2.4 of the EIS Guidelines states that “The project, including its alternative means, must take into account the
relations and interactions among the various components of the ecosystems and meeting the needs of the population.
The proponent must include in the EIS consideration of the extent to which the Project contributes to sustainable
development.”
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011, Section 1.6.5), consistent with the EIS Guidelines (CNSC and
CEAA 2009), states that sustainable development seeks to meet the needs of present generations without compromising
the ability of future generations to meet their own needs. The EIS, in assessing the alternative means of carrying out the
project, considered economics, worker health and safety, public health and safety, technical feasibility, the
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physical/biophysical and socio-economic environments. Sustainability concepts, such as:





consumption of energy resources,
impact on ecosystems,
production of wastes, and
impact on economy

were incorporated in the assessment when evaluating the alternative means, where applicable. The text in the tables in
Section 3.4 of the EIS (OPG 2011) provides information on how the sustainability concepts were considered in the
evaluation of alternative means. Examples of how each of the above considerations was applied in the evaluation is as
follows:





Consumption of energy resources: In considering the siting alternatives on and off the Bruce nuclear site, the
evaluation included consideration of the need for transportation of the waste to an off-site location and rated the
off-site location as less desirable because of the increased cost, emissions and consumption of resources.
Impact on ecosystems: When developing the site layout for the DGR Project, the physical footprint was
designed to avoid infringing on the marsh adjacent to the Project Site.
Production of wastes: In considering the underground access alternatives (shaft vs. ramp), the evaluation
included consideration of the larger volume of waste rock that would need to be managed for the ramp
alternative.
Impact on economy: When evaluating ventilation air heating alternatives, cost was considered to demonstrate
prudent management of electricity users’ contributions to the fund set aside for long-term waste management.

For convenience, Table 1 reframes the evaluation of alternative means presented in the EIS (OPG 2011, Section 3.4)
using the sustainability considerations above.
The primary contribution to sustainable development of the DGR Project is that it addresses the management of low and
intermediate level waste in this generation rather than delaying it to the future, providing flexibility for future generations.
On a local scale, the DGR Project contributes to sustainability through avoidance of transport of the waste, reducing the
surface footprint for waste management, avoidance of sensitive lands such as the northeast marsh, decreasing contact
opportunities for terrestrial and aquatic species, and providing continued employment and revenue opportunities in the
Regional Study Area.
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Table 1: Contribution of Alternative Means to Sustainability
Contribution to Sustainability
Alternative Means

Consumption of
Energy Resources

Impact on
Ecosystems

Production of Wastes

Impact on Economy

Reduces resources
needed to transport and
manage wastes

Reduces emissions and
subsequent effects

Reduces volume of waste
to be managed

N/A

Avoids transportation of
waste

Avoids emissions from
transport

N/A

Avoids consuming
productive land

-

-

N/A

-

Adjacent to the WWMF

Minimizes transportation
of waste

Avoids emissions from
transport

N/A

No difference

Southern Portion of the
Bruce Nuclear Site

Minimizes transportation
of waste

Avoids emissions from
transport

N/A

No difference

Former Heavy Water
Plant Lands

Minimizes transportation
of waste

Avoids emissions from
transport

N/A

No difference

Avoids need to transport
waste rock

Avoids need to develop
site to manage waste rock;
site is already industrial

-

Avoids effects on local
aggregate market

-

May consume productive
lands

-

Avoids effects on local
aggregate market

Avoids need to transport
waste rock

Avoids need to consume
land for storage

Avoids need to store waste
rock

Reduces need for
aggregate from local
suppliers

-

Avoids need to consume
land for storage

Avoids need to store waste
rock

Provides additional barrier
between DGR and surface

Groundwater infiltrating
during operations
expected to have lower

Waste Reduction at Source
Existing and planned
programs for reduction
Location of Site
On the Bruce nuclear
site
Off the Bruce Nuclear
Site

Waste Rock Management
Storage On the Bruce
nuclear Site
Storage Off the Bruce
nuclear site
Use as an Aggregate on
site
Use as an Aggregate off
site
Location in Geology
Location in Limestone
N/A
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contaminant
concentrations needing
treatment
Location in Shale

-

N/A

Marginal decrease in
volume of waste rock

N/A

Repository Access
Ramp and shaft

-

-

-

-

Shaft Only

-

Reduced surface footprint
and decreased runoff
volumes

Reduced volume of waste
rock to be managed

-

Open-ended (islanded
shafts)

N/A

N/A

N/A

N/A

Dead ended (parallel)

N/A

N/A

N/A

N/A

Dead-ended (chevron)

N/A

N/A

N/A

N/A

Open-ended (separated
shafts)

N/A

N/A

N/A

N/A

Islanded Shafts

N/A

N/A

N/A

N/A

Separated Shafts

N/A

N/A

N/A

N/A

N/A

Opportunity to provide
habitat; reduces infiltration

N/A

N/A

N/A

Retains opportunity to
use waste rock in future

N/A

Retains opportunity to
use waste rock in
decommissioning

Repository Layout

Shaft Arrangement

Waste Rock Management Area
Cover and Lining
No Cover or Lining
Cover at end of
Operations Phase

-

N/A

-
N/A

Stormwater Management
Discharge to Railway
Ditch
Discharge to
MacPherson Bay

N/A

-

N/A

N/A

N/A

Avoids discharge to ditch
leading to more sensitive
fish habitat

N/A

N/A

-

-

N/A

Could increase
availability of natural

Heating Method
Natural Gas
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gas to the community
Propane

-

Avoids need for additional
infrastructure

Electric

Reduced use of nonrenewable resources

Avoids need for additional
infrastructure

N/A

-
-

N/A

Avoids air emissions
Railway Crossing
Infill
Bridge
Culverts

N/A

-

N/A

N/A

N/A

Avoids eliminating aquatic
environment

N/A

N/A

N/A

Avoids eliminating habitat

N/A

N/A

N/A

Increased size of blast
residue minimizes
potential dust effects and
contaminant loading to
stormwater management
pond

N/A

N/A

N/A

-

N/A

N/A

Repository Development
Drill and Blast

Roadheader with Drill
and Blast
Groundwater Management
Dewatering

-

-

N/A

N/A

Surface-based grouting

Avoids need to operate
pumps or compressor
continuously

Reduces infiltration and
volume of water to be
managed in the
stormwater management
pond

N/A

N/A

Avoids need to operate
pumps or compressor
continuously

Reduces infiltration and
volume of water to be
managed in the
stormwater management
pond

N/A

N/A

Reduces infiltration and
volume of water to be
managed in the
stormwater management
pond

N/A

N/A

Cover Grouting

Ground Freezing
-

Repository Development
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Campaign Development

N/A

N/A

N/A

-

N/A

N/A

N/A

Employment peak would
be reduced and
opportunities and effects
on social resources
would be spread over a
longer time

N/A

N/A

N/A

-

Disposable shields

-

N/A

-

-

Reusable transfer bell

Reduces resource use for
containers

N/A

Reduces volume of
packaging stored in the
repository

Avoids costs of
producing disposable
shields

Rectangular concrete
storage box shields

-

N/A

-

-

Cylindrical concrete
shield

-

N/A

-

-

-

N/A

Reduces volume of
packaging stored in the
repository

-

-

N/A

-

-

Avoids consumption of
energy and resources for
containment structures

-

N/A

N/A

Backfill repository

-

N/A

N/A

Enhanced containers

-

Delays movement of
contaminants

N/A

N/A

-

Delays movement of
contaminants

N/A

N/A

Concurrent
Development

Sequential Development
Shielding of ILW

Reusable steel transfer
bell
Repackaging into
smaller containers
Waste Containment
Natural containment

Grout inside containers
Notes:
- No contribution
N/A Not applicable

References:
CNSC and CEAA. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
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Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)

EIS-06-274

 Section 8.1,
General
Information and
Design
Description

Information Request:
Explain how the concept of retrievability applies to the proposed DGR. Describe how retrievability could be achieved and
during which phases of the project it would be considered.
Context:
Page 4-56 of the EIS states that “Materials placed in the DGR are considered waste and the need for retrieval is not
anticipated; however, retrieval can be achieved.”
OPG Response:
A discussion of retrievability can also be found in the Preliminary Safety Report (OPG 2011, Section 6.6) and is repeated
below:
“The materials that are placed in the DGR are considered waste and the need for retrieval is not anticipated.
However, in the unlikely event that any waste package(s) would need to be retrieved from a room following
emplacement, retrieval can be achieved.
A specific plan for retrieving the package(s) would be developed. First, the position of the waste package(s) to be
retrieved will be identified using the waste tracking system and the number and type of packages that will have to be
moved to access the identified waste package will be determined. Alternative locations, which may be temporary or
permanent, for the packages will be identified. They could be relocated to another room, which is partially filled or
empty. This new location could be suitable as a permanent location for these packages.
The retrieval concept would be carried out by one of two methods depending on the status of the room.
1. For an open room, packages would be removed using the reverse of the initial emplacement procedure. In most
instances this would involve using the same equipment (forklifts, rail carts, etc.) that had been used to originally
emplace the waste packages.
2. For a waste-filled room that is isolated by an end wall, the ventilation fan system for that room would need to be
re-established and run for adequate time to purge the room of any noxious or other gases and to ventilate the
room. The packages would be recovered in the same manner as for an open room. If a gantry crane is required
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for retrieval, then this equipment would be re-installed after the end wall has been opened.
Although it would be possible to remove waste packages from a room without excessive difficulty, it is expected that
the retrieval procedure would be relatively slow to complete to ensure worker safety at all times. If any waste
packages were required to be moved to surface, they would be handled in the reverse way to which they were moved
underground.”
Additional information is provided in OPG’s response to Information Request EIS-04-122 (OPG 2012):
“The wastes are considered to be always retrievable, however, it is recognized that the ease of retrievability of waste
containers will diminish with time. For example, once the closure walls have been constructed in access tunnels to
isolate a set of filled emplacement rooms, these walls would require removal, or a bypass tunnel constructed around
the wall, prior to retrieving any emplaced waste in the isolated rooms. If waste containers would require retrieval at
long time periods after the start of emplacement, then over-packing might be required as part of this retrieval process
for some containers.”
The above information applies to the Operations Phase of the DGR. The regulatory process to obtain a
Decommissioning Licence from the Canadian Nuclear Safety Commission, which would be required to seal the
repository shafts and dismantle DGR surface facilities, would only be obtained if there was confidence in the long-term
safety of the DGR facility, hence the need for retrieval would not be envisioned.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-00531-00134,
August 27, 2012. (CEAA Registry Doc# 704)

EIS-06-275

 Section 2.5,
Precautionary
Approach

Information Request:
Provide the following information with respect to the long-term safety of the proposed DGR Project:
a) A description of the redundancies that have been incorporated in the design to ensure safety of workers and the
public; and
b) The plans to maintain, protect and enhance the financial, technical and administrative capabilities that are
required to ensure safe operation, given the significant uncertainties and potential for unanticipated
developments over the lifetime of the project.
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Context:
The definition of redundancy can include several elements that work simultaneously and independently, and are capable
of performing the same function. Redundancy may also include standby or backup systems that perform when the
system needs them.
OPG Response:
The following response has been prepared in two sections, corresponding to the structure of this Information Request
(IR).
a) The following describes some of the key redundancies that have been incorporated in the design to ensure
safety of the workers and the public:
Electrical – Two main power feeds are planned to supply power to the DGR systems, with redundant buses
supplying power to critical loads in the event of the loss of either of the main feeds. In addition, there will be two
emergency generators (2 x 100%) for the DGR project site in the event that both main feeds are lost.
Uninterruptible power supply units are included as needed (see OPG’s response IR-LPSC-01-10 [OPG 2012a]).
This will ensure there is communication and emergency services provided for postulated preclosure accident
scenarios as described in the Preliminary Safety Report (OPG 2011, Chapter 7).
Underground Conveyances – There are two shafts (Main Shaft and Ventilation Shaft) separated geographically,
each containing conveyances to transport, or retrieve personnel from underground. The main shaft has two
conveyances of different design, both of which are capable of retrieving personnel. Each hoist is supported with
independent control systems which have both a local and remote station.
Communications – There are three independent systems to communicate with workers, each of which have
geographical and functional redundancy. There is a wireless radio system, an emergency telephone system,
and a PA system. For workers underground, stench gas will also be introduced into the ventilation system to
notify of an emergency.
Fire – There will be full redundancy in fire detection, alarms and suppression systems and redundancy in local
suppression systems (e.g., sprinklers or ansul systems).
Breathing Air Underground – There is full redundancy of the compressors required to supply breathing air to the
refuge stations underground during an emergency event. In addition, the main refuge station, located in the
main access tunnel near the main and ventilation shafts, is sized to provide more than double the air to the
expected occupants independent of the compressed air.
Flooding/ Dewatering – To reduce the chance of flooding the repository, the surface features connecting to the
underground (e.g. shaft collars and ventilation plenums) are set at an elevation above the maximum probable
flood elevation which is determined from the maximum possible precipitation event. There is also full
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redundancy in the number of pumps required to pump out water during a design basis inflow event (i.e.,
postulated shaft liner failure), as well as, excess storage area for the water underground.
b) OPG is committed to maintain the required financial, technical and administrative capabilities to ensure the safe
construction and operation of the DGR. It is also important to note that the DGR will operate under the
requirements of the Canadian Nuclear Safety and Control Act and will only operate if granted an operating
licence by the Canadian Nuclear Safety Commission (CNSC).
From a financial perspective, funding for the DGR project is derived from OPG’s segregated Decommissioning
Fund, the adequacy of which is routinely reviewed as part of the financial guarantee requirements of the CNSC.
Technical and administrative capabilities are maintained in-house or contracted out in a manner to best provide
the required capabilities. One of the key requirements that must be met before the CNSC grants a licence is that
the licensee is qualified, including its ability to maintain the required technical and support expertise to safety
operate the licensed facility.
Contingency plans for unanticipated developments have been discussed in OPG’s responses to several previous
IRs, namely: IR-EIS-01-04 (OPG 2012a), IR-LPSC-01-37 (OPG 2012a), IR-LPSC-01-41 (OPG 2012a), IRLPSC-01-45 (OPG 2012a) and IR-EIS-03-60 (OPG 2012b).
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012. (CEAA
Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117, July 9,
2012. (CEAA Registry Doc# 608)

EIS-06-276

 Section 2.5,
Precautionary
Approach
 Section 16,
Follow-up
Program

Information Request:
Describe how risk avoidance, adaptive management capacity, and preparation for surprise have been incorporated in the
development of the Follow-Up Program.
Context:
Section 16 of the EIS Guidelines states that: “the follow-up program must include any contingency procedures/plans or
other adaptive management provisions as a means of addressing unforeseen effects or for correcting exceedances."
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OPG Response:
The Operational Policy Statement Adaptive Management Measures under the Canadian Environmental Assessment Act
(CEAA 2009) states:
“The results of follow-up programs may be used for implementing adaptive management measures or for improving
the quality of future assessments.”
It also states:
“…adaptive management is a planned and systematic process for continuously improving environmental
management practices by learning about their outcomes. Adaptive management provides flexibility to identify and
implement new mitigation measures or to modify existing ones during the life of a project.”
Adaptive management capacity is action within an organization or system to better cope with or adjust to changing
conditions.
Adaptive management has been incorporated into the DGR EA Follow-up Monitoring Program (NWMO 2011) by:




Including contingency procedures and plans (NWMO 2011, Section 13) for exceedances and elements of
surprise;
Proposing additional baseline data to be collected and incorporated into future sample design plans (NWMO
2011, Sections 12 and 14); and
Completing an annual assessment of the performance of the EA follow-up monitoring program that will identify
the effectiveness of the existing follow-up monitoring program design and identify any problems and gaps.

Risk avoidance seeks to manage risk by removing or ending exposure to a hazard or engaging in alternate activity.
Some of the contingency procedures described in the DGR EA Follow-up Monitoring Program (NWMO 2011, Section 13)
apply the principle of risk avoidance, where activities will be halted if exceedances occur or upset conditions are met,
and will not resume until alternate mitigation has been implemented (NWMO 2011, Sections 13.2 and 13.6).
References:
CEAA. 2009. Operational Policy Statement Adaptive Management Measures under the Canadian Environmental
Assessment Act. Canadian Environmental Assessment Agency. (Accessed on October 23, 2012 from
www.ceaa.gc.ca/default.asp?lang=En&n=50139251-1).
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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Alternatives to
the Project
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Information Request:
Provide the following information regarding OPG’s rationale for considering only LLW in the Engineering Feasibility and
Safety and “Licensibility” analyses (in the Independent Assessment Study (IAS)) for the alternatives to the DGR project:
a) An explanation of how inclusion of ILW would affect the engineering feasibility analysis of the options.
b) An explanation of how inclusion of ILW would affect the safety and “licensibility” analysis of the options.
Context:
In the IAS, OPG’s evaluation of alternatives to the DGR project does not consider ILW in the Engineering Feasibility and
Safety and “Licensibility” analyses. Only LLW is considered.
OPG Response:
The Independent Assessment Study (IAS) (GOLDER 2004) evaluated three options for the long-term management of
OPG’s low-level waste (LLW) and intermediate-level waste (ILW) and compared these to the status quo. The technical
options considered were:
1. Enhanced Processing and Storage
2. Surface Concrete Vaults
3. Deep Rock Vaults (later renamed ‘Deep Geologic Repository’).
In the conduct of the IAS it was recognized that the Surface Concrete Vault option was not suitable for long-lived ILW, as
international practice normally has long-term management of long-lived radioactive waste in deep geologic repositories.
The reason for this is to minimize the likelihood of inadvertent intrusion in the long term when the wastes still remain
hazardous. Since the three options were not equally applicable for all waste streams, the comparative technical and cost
assessment was based on LLW only.
The engineering feasibility of the options is summarized in Section 2.7 of the IAS (GOLDER 2004, Table 4a). If ILW had
been considered it would have affected the engineering feasibility in the following ways:



The Surface Concrete Vault option would not have been feasible for long-lived ILW.
The cost estimates for the Enhanced Processing and Storage option, and the Deep Rock Vault option would
have increased.

The safety and licensibility of the options is summarized in Section 3.4 of the IAS (GOLDER 2004, Table 5). If ILW had
been considered it would have affected the overview of the safety and licensibility assessment in the following ways:


The Percent of Dose Constraint - Reference Scenario - would not have changed for the Enhanced Processing
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and Storage option and the Deep Rock Vault option (GOLDER 2004, Section 3.3.4).
The Percent of Dose Constraint - Intrusion Scenario (for deep rock vault option) - would have increased.
The Surface Concrete Vault option would not have been considered licensable for long-lived ILW.

The IAS was one input to the Municipality of Kincardine/OPG Steering Committee that was established following the
signing of the Memorandum of Understanding in April 2002 between the Municipality of Kincardine and OPG. Members
of this Steering Committee also visited international operating facilities similar to the options under consideration, and
met with local officials as part of these visits. With all the inputs available, the Municipality of Kincardine passed a
resolution (KINCARDINE 2004) indicating a clear preference for the Deep Rock Vault option, namely:
“...that Council endorses the opinion of the [Kincardine] Nuclear Waste Steering Committee and select the ‘Deep
Rock Vault’ option as the preferred course of study in regards to the management of low and intermediate level
radioactive waste.”
The selection of a deep geologic repository for OPG’s LLW and ILW would not have changed if ILW had been
considered in the engineering feasibility, and safety and licensibility assessments in the IAS.
References:
GOLDER. 2004. Independent Assessment of Long-Term Management Options for Low and Intermediate level Waste at
OPG’s Western Waste Management Facility. Golder Associates Ltd. report 03-115-012.
KINCARDINE. 2004. Municipality of Kincardine Council Resolution #2004-232.
EIS-06-278

 Section 2.5,
Precautionary
Approach

Information Request:
Clarify how the alternative means of carrying out the proposed DGR project, as listed in Section 3.4 of the EIS, were
evaluated and compared in light of risk avoidance, adaptive management capacity, and preparation for surprise. Provide
the following information:
a) The definitions of risk avoidance, adaptive management capacity, and preparation for surprise used in the EIS;
b) A description of how risk avoidance, adaptive management capacity, and preparation for surprise were
incorporated into the evaluation and comparison of the alternative means of carrying out the project, considering
a range of plausible scenarios including accidents, malfunctions and malevolent acts. This analysis should be at
a level of detail that allows a meaningful comparison of the environmental, technical, and economic factors of the
alternative means;
c) A description of how each of the alternative means performs in relation to the three criteria, considering a range
of plausible scenarios including accidents, malfunctions and malevolent acts; and
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d) Reasons why the preferred means was selected, giving explicit attention to risk avoidance, adaptive
management capacity, and preparation for surprise.
Context:
Section 2.5 of the EIS Guidelines requires OPG to indicate how the precautionary principle was considered in the design
of the project, including consideration of risk avoidance, adaptive management and preparation for surprise.
OPG Response:
a) The Environmental Impact Statement (EIS) (OPG 2011) did not use the specific terms risk avoidance, adaptive
management capacity and preparation for surprise; however, the concepts were incorporated in the evaluation of the
alternative means. In the context of the environmental assessment for the DGR Project, the terms are considered to
have the following meanings:
Risk avoidance seeks to manage risk by removing or ending exposure to a hazard, or engaging in alternate activity.
Adaptive management capacity is action within an organization or system to better cope with, or adjust to,
changing conditions.
The Operational Policy Statement Adaptive Management Measures under the Canadian Environmental Assessment
Act (CEAA 2009) states:
“…adaptive management is a planned and systematic process for continuously improving environmental
management practices by learning about their outcomes. Adaptive management provides flexibility to
identify and implement new mitigation measures or to modify existing ones during the life of a project.”
Preparation for surprise is contingency planning.
b) The EIS Guidelines (CEAA and CNSC 2009) require that alternative means are evaluated and compared in light of
risk avoidance, adaptive management capacity and preparation for surprise. These concepts have been
incorporated, to the extent that each is applicable, in the evaluation of alternative means that is presented in
Section 3.4 of the EIS (OPG 2011). The criteria used for evaluating alternative means were economics (cost),
worker health and safety, public health and safety, technical feasibility, effects on the physical and biophysical
environment, and the social and economic environment. The concepts of risk avoidance, adaptive management
capacity and preparation for surprise have been incorporated in the evaluation of the alternative means relative to
these considerations. For example, those alternative means that avoid public or worker health and safety risks are
considered more favourable. This approach is also applied in the evaluation of alternative means relative to the
remaining criteria.
As presented in OPG’s response to Information Request (IR) EIS-01-18 (OPG 2012a), a number of peer reviews of
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the DGR Project were also completed throughout the development of the project. The results of these peer reviews
were incorporated in the design of the project and reflect consideration of risk avoidance. As an example, the layout
of the emplacement rooms was influenced by the results of peer review comments that identified a preference
toward aligning the rooms with the principle stress direction.
An example of incorporating adaptive management capacity into the assessment of the alternative means of
executing the project was in the selection of discharge locations for the stormwater management pond. Locating the
discharge into the drainage ditch, and ultimately to MacPherson Bay, places the stormwater pond at the North end of
the Project Area. This provides flexibility for the routing of the perimeter ditches and for adding potential treatment if
necessary.
The EIS (OPG 2011, Section 3.4) presents the evaluation of alternative means of carrying out the DGR Project. The
approach taken to evaluating alternative means contributes to preparation for surprise. Although each evaluation
results in a preferred means, one or more other means may be considered acceptable and therefore provide an
alternative in the event that implementation of the preferred alternative means does not produce the expected
results.
Further, the EIS Guidelines (CEAA and CNSC 2009, Section 2.5) require that “The proponent must indicate how the
precautionary principle was considered in the design of the project in at least the following ways:


That contingency plans explicitly address accidents, malfunctions and malevolent acts and include risk
assessments and evaluation of the degree of uncertainty

The Malfunctions, Accidents and Malevolent Acts Technical Support Document (AMEC NSS 2011), identifies the
potential malfunctions, accidents, and malevolent acts which could be associated with the project and assesses the
potential effects. The conventional accidents (those that do not involve releases of radioactive materials) would not
differ materially for the alternative means considered. Contingency plans and emergency preparedness are
discussed in AMEC NSS (2011, Section 5.5). With few exceptions, the alternative means are associated with design
and development of the project and there are no associated malfunctions, accidents and malevolent acts that could
result in a release of radionuclides. In addition, contingency planning for the DGR Project is discussed in OPG’s
responses to Information Requests EIS-01-04 (OPG 2012a), LPSC-01-37 (OPG 2012a), LPSC-01-45 (OPG 2012a)
and EIS-03-60 (OPG 2012b).
c) As indicated in the response to (b) the guidelines require that, for the project, contingency plans explicitly address
accidents, malfunctions and malevolent acts. The EIS Guidelines (CEAA and CNSC 2009) do not require a
description of how each of the alternative means performs in relation to the three criteria, considering a range of
plausible scenarios including accidents, malfunctions and malevolent acts. The EA Follow-up Monitoring Program
(NWMO 2011, Section 13) describes contingency programs associated with the potential environmental effects of
the DGR Project.
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d) Refer to Table 1 for the rationale for selection of the alternative means, presented in the context of risk avoidance,
adaptive management capacity and preparation for surprise.
Table 1: Rationale for Selection of Alternative Means in Light of Risk Avoidance, Adaptive Management
Capacity and Preparation for Surprise
Rationale
Alternative Means
Category
Choice of Site

Preferred
Alternative
On the Bruce
nuclear site

Risk Avoidance
Avoids need for off-site
transport of wastes
Local community is supportive

Adaptive Management
Capacity
Located within an existing
licensed nuclear site with
knowledgeable and
experienced staff

Preparation for Surprise
Located within an existing
licensed nuclear site with
emergency response plans in
place
Located within an existing
licensed nuclear site with staff
experienced in managing
nuclear materials

Alternative
Locations within the
Bruce Nuclear Site

Waste Rock
Management

Adjacent to the
WWMF

Minimizes waste transport
distance
Uses a vacant, previously
disturbed area of the Bruce
nuclear site

Waste Rock
Management Area
collocated with DGR

Eliminates need to transport
waste rock off-site
Avoids potential effects on
local aggregate markets

Located adjacent to WWMF
with knowledgeable and
experienced staff

Located adjacent to WWMF
with emergency response
plans in place
Located adjacent to WWMF
with staff experienced in
managing nuclear waste

Maintains ability to use in DGR
construction or
decommissioning

—

Greater potential for waste
rock to be used as an
aggregate

Low potential for resources (oil,
gas, minerals, potable water),
therefore lower likelihood of
human intrusion

Uses a vacant, previously
disturbed area of the Bruce
nuclear site
Repository Horizon

Limestone Horizon

Improved constructability
because of greater
geomechanical stability
Very low permeability
Overlying shale provides
additional barrier
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Underground
Access Method

Vertical Shaft

Shorter transport distances
help reduce potential for
accidents
Reduced quantity of rock for
storage, and therefore reduced
environmental effects at
surface

Shaft Arrangement

Islanded shafts

Smaller footprint affects fewer
surface features

Better able to react to high
inflows of water during
excavation (shorter length
through each reach)

More experience with shafts

Greater ease in
closure/decommissioning

Operational advantages in
islanded arrangement (e.g.,
security)

Increased flexibility to adapt to
the actual major horizontal
principal stress orientation
once test data is available
following shaft construction

Improved opportunities for
egress

Greater flexibility in
underground design
Emplacement Room
Layouts

Open-ended rooms

Improved ventilation in
emplacement rooms

Mining Act specifies
requirements for mining
accidents, including mine
rescue

Increased operational flexibility
with multiple panels
Waste Rock
Management Area
Methods

Cover at end of
operations

—

Flexible to changing
circumstances

—

Waste rock available for re-use
if desirable
Can be covered earlier if
necessary

Stormwater
Management Pond
Discharge Location

Drainage Ditch (to
MacPherson Bay)

Heating Method

Electric

Drainage ditch not designated
as fish habitat
Avoids discharge to more
sensitive habitat (i.e., Stream C
and Baie du Doré)
Avoids need to store propane
and associated risks
Avoids risk of leaks and
additional ventilation

Abandoned Rail
Bed Crossing

Culvert

Effects on aquatic habitat and
biota are mitigated (e.g.,
maintains some fish
movement)

970

Alternate routing is feasible
Potential for treatment if
necessary

Potential to close discharge
and hold temporarily in
stormwater pond

If necessary or if natural gas
becomes available can be
changed.

Emergency back-up power will
be provided

—

—
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Underground
Construction
Methods

Drill and blast
excavation

Has been successfully used in
rock with similar characteristics

Controlled blasting to limit the
EDZ

—

Groundwater
Management for
Shaft Sinking

Surface-based
grouting

Avoids need to pump water
continuously

Alternatives can be readily
implemented

Excess pump capacity is
included in design

Minimizes water in the
repository
Significant experience with the
technique

Repository
Development
Approach

Sequential
Development

Avoids worker exposure to
radiation during emplacement
room construction

—

—

Resin Liner
Shielding

Disposable shields

Require less material handling

—

—

T-H-E Waste
Handling

Repackaging into
smaller containers

Avoids need for specialized
handling systems

Simplifies repository design

—

Waste Containment

Natural containment

Avoids increased worker
exposure (i.e., during
repackaging or backfilling)

Does not preclude backfill until
time repository is
decommissioned

—

Avoids need for specialized
handling systems

Avoids increased repository
gas pressures in the long-term
Note:
—

No contribution

References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
CEAA. 2009. Operational Policy Statement Adaptive Management Measures under the Canadian Environmental
Assessment Act. Accessed on October 23, 2012 at: http://www.ceaa.gc.ca/default.asp?lang=En&n=50139251-1
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 150)
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NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00017,
July 9, 2012. (CEAA Registry Doc# 608)
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Accidents,
Malfunctions and
Malevolent Acts

Information Request and Response

Information Request:
Provide additional information about fuels and chemicals that would be used and stored on site so that risks posed by
spills can be more thoroughly evaluated.
Provide information on specific worst-case accident and spill scenarios, and define the bounding scenarios for each
case.
Context:
More information related to conventional accidents and malfunctions is required. Only a generalized list of the
chemicals/substances (i.e. fuels, lubricants, glycols) that would be used and stored on site was provided. Information on
the chemicals and types of oils and lubricants, and where they will be stored onsite, is required.
Similarly, there is no information on the volumes, sizes and types of tanks, locations of these tanks/vessels, and whether
any secondary containment/spill protection is associated with them. Such information is needed in order to determine the
potential for incidents and their significance.
It is mentioned in Table 5.2-1 on page 41 of the Malfunctions, Accidents and Malevolent Acts TSD that "the volume of a
spill is assumed to be approximately 4500 litres of diesel fuel, 200 litres of a chemical or 100 litres of a lubricant or oil”
but no explanation is provided to justify the assumed volumes.
From a general risk assessment procedural standpoint, the Malfunctions, Accidents and Malevolent Acts TSD does not
outline specific accidents or malfunctions and where they would do the most damage (i.e. worst probable case
scenarios), but simply mentions general "vehicle accidents" or "operational errors". Specific worst-case scenarios are
necessary to define the bounding scenarios.
OPG Response:
As discussed in the Environmental Impact Statement (EIS) (OPG 2011, Section 4.4.3.5), surface diesel and fuel storage
for mobile equipment will be limited to the site preparation and construction phase and will be removed prior to
operations. The temporary fuel storage consists of 5,000 L above-ground double walled tanks equipped with metered
dispensing equipment located within a secured area and protected by concrete bollards. During operations, diesel fuel
storage at surface is limited to the emergency power system fuel supply, which is contained in a 5,000 L double walled
tank located adjacent to the emergency generators. Section 4.4.3.5 (OPG 2011) incorrectly identified the tank size as
10,600 L; the correct volume of 5,000 L was provided in Section 4.7.5.2 (OPG 2011).
Underground fuel storage includes two 2,700 L double walled steel fuel totes in an integrated unit with a built-in leak
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containment and fire suppression system.
Both surface and underground fuel storage areas will be provided with sufficient sump capacity to collect accidental
spillage that could occur during fuel transfer or leakage from any tanks or pipes. Berms will be constructed as needed to
ensure that any spillage of fuel or lubricant will be retained within the storage and refueling areas.
The EIS (OPG 2011, Section 4.7.5.2) provides estimates of quantities of oils and grease, and solvents and paints that
will be used each year.
Hazardous materials to be used at the site are expected to be commonly used and commercially available materials.
Annual usage of hazardous materials is relatively small and large volumes of hazardous materials will not be stored at
the site. The Malfunctions, Accidents and Malevolent Acts Technical Support Document (AMEC NSS 2011, Table 5.2-1)
considers the quantities likely to be released as a result of a malfunction/accident at a single container for each type of
material. The worst case scenario considered, a spill of 4,500 L of diesel, represents 90 per cent of the capacity of the
emergency generator diesel fuel storage tank for the operations phase. This is a conservative estimate of the volume of
spill as the storage tank will be located on a concrete pad which drains to a sump and all releases will be contained. Had
a spill of 5,000 L been assessed, the results of the assessment would be the same.
The specific details of chemicals and lubricants will depend on the types of equipment being used on site. This
information is not available at this time. Above ground, chemicals will be stored in substance appropriate, secured
storage cabinets. The location of the storage units will be as required in close proximity to large equipment and
determined in consultation with contractors. Below ground, chemicals will be stored in dedicated areas, in substance
appropriate, secured cabinets, for example, in the diesel fuel bay, and maintenance shop.
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-07-280

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide additional justification for an explosion to be considered non-credible. Describe the susceptibility of stored fuels
and chemicals to an explosion based on the proximity of explosives being used, stored, or transported.
Explain how the Project will be designed and operated to minimize explosion risk and the consequences of an accidental
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explosion
Context:
Considering that there will be usage, transport and potentially storage of explosives on site, some risk of an accidental
explosion does exist. Other substances could cause or contribute to explosions.
OPG Response:
An explosion scenario capable of damaging the DGR was considered not credible event for the operations phase of the
DGR (OPG 2011a, p.423). OPG’s response to Information Request (IR) EIS-01-03 (OPG 2012a) acknowledges that
explosions are credible for the site preparation and construction phase as the use of explosives is required to excavate
the rock and have been assessed as part of the Environmental Impact Statement (OPG 2011b, Section 8.3.2.2).
However, an explosion accident is considered low-risk during the construction activities due to design considerations,
operational controls and measures to comply with the regulatory requirements that will be implemented for the DGR.
OPG’s response to IR-EIS-04-150 (OPG 2012b) also discusses the potential of access tunnel closure walls to resist
explosions.
The DGR project transportation and storage requirements for blasting explosives and initiating devices are regulated
through the Explosives Act of Canada and the Ontario Mines and Mining Plants Regulations (O.Reg. 854/90). Additional
guidance is provided by the Explosives Regulatory Division of Natural Resources Canada through Blasting Explosives
and Initiation Systems - Storage, Possession, Transportation, Destruction and Sale, March 2008.
The location of magazines for the storage of explosives and detonators, both on surface and underground, requires that
the location isolates the explosives from potential igniting or fire sources (e.g., fuel storage, chemicals, electrical and
mechanical installations, mobile equipment) and where workers may congregate. The construction and location of the
magazines, with explosives and detonators stored separately, have sufficient separation to minimize the potential for
ignition. For surface storage, the positioning of magazines uses Quantity-Distance tables, correlating the quantity of
explosive to be stored to the closest receptors with the distance set to the closest receptor hazard classification (e.g.,
distance to a lightly traveled road is shorter than the distance to an inhabited building). These distances are set to
minimize the potential impact of an unplanned explosion. Underground, there is a minimum distance of 60 m from
closest receptors as described above.
Transportation of explosives requires consideration for the physical equipment handling explosives, as well as,
operational control to ensure safe and efficient movement of explosives to transfer or storage locations. Receipt of
explosives at the Bruce nuclear site will be coordinated with Bruce Power security and maintain established
transportation routes. The equipment used for the delivery of explosives will be licensed for their transport. Post delivery
transport and use of explosives will be in accordance with the requirements of the Ontario Mines and Mining Plants
Regulations (O.Reg. 854/90). Transport of explosives in the shaft and underground workings must take priority and not
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be stored or transported with other materials or substances. Explosives use during excavation activities will use best
industry practice and is considered to be typical use within the mining industry.
References:
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS-07-281

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide an assessment of plume temperatures and the velocity of the plume being emitted to the atmosphere for the
scenario of an underground fire, as well as the duration of such a scenario.
Context:
Considering the heat generated by a fire and the rapid rise of air to surface due to buoyancy, it seems unlikely that this
contaminated air would cool by the time it reached surface. The assumption made on page 448, Section 7.5.3.3
Dispersion Modelling for Releases of the Preliminary Safety Report provides no technical discussion to support the
assumption that the release would be non-buoyant.
Also, considering that the contaminated air would exit through one or both of the headframes, the elevated height of
these structures is an important consideration in the dispersion of the contaminated air into the surface atmospheric
environment.
OPG Response:
1. Atmospheric Dispersion Factor for Underground Fire Scenario
The preclosure accident assessment for OPG’s Deep Geologic Repository conservatively used an atmospheric
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dispersion factor (ADF) based on non-fire ground-level release for the underground fire scenario (OPG 2011,
Section 7.5.3.3). For a thermal (buoyant) plume, the ADF is much lower (i.e., more dispersion) than that for non-fire
ground-level release (OPG 2011, Table 7-36). A buoyant ADF would result in proportionally lower air concentrations of
radionuclides and non-radiological species off-site, and therefore lower radiological dose and non-radiological hazard to
a member of the public than those given in Table 7-40 of OPG (2011) for underground fire scenarios.
Similarly, discharge from an elevated height would also result in more dispersion than the assumed ground-level release,
and therefore would also reduce the radiological dose and non-radiological hazard to a member of the public from those
calculated in the Table 7-40 of OPG (2011) for underground fire scenarios.
Since the use of a non-buoyant ground-level release ADF results in a conservative estimate of impact from underground
fires, and since the resulting calculated doses are within criteria, an assessment of plume temperatures and velocity is
not provided.
2. Fire Duration
The estimated fire duration (TFD), i.e. the time taken to burn all affected waste in an underground fire, is given as 1/ TFD in
Table 7-40 of OPG (2011). For example, the estimated fire duration is about 0.7 hrs for a single non-processible waste
package, and about 130 hours for an entire emplacement room containing non-processible wastes. The methodology to
estimate TFD is provided in Section 7.5.3.1 of OPG (2011).
Reference:
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001-R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-07-282

 Section 11,
Effects Prediction
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide additional information to support the modelling of the onsite direct precipitation flood risk. Describe the impact
that errors/uncertainty in the hydrologic model parameters, inputs, assumptions and procedures chosen have on the
critical PMP event and computed PMF discharges.
Describe the impact that errors/uncertainty in the hydraulic model parameters, inputs, assumptions and procedures
chosen have on the computed PMF water surface elevations. Explain the rationale for the chosen Manning’s roughness
coefficients, including a sensitivity analysis.
Context:
The assessment describes soil conditions in the study area required for the hydrologic modelling conducted as well as
the sources of this data, but the choice of numerical procedures used to compute runoff, of which there are many, are
not described, nor are the choices of parameter values for such model inputs that may have been required, such as
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initial infiltration rate, time of concentration, percent imperviousness, etc.
The Proponent states that the Manning’s roughness coefficients were chosen to be conservative estimates.
Environment Canada indicated that Manning’s roughness coefficients are uncertain, especially in such cases as this
when they are chosen based on theoretical values and without proper model validation. Furthermore, roughness can
also vary with time (e.g. vegetation growth in drainage channels, lack of channel maintenance). Environment Canada
has suggested that the chosen Manning’s roughness coefficients would likely have a significant impact on modelled
water surface elevations.
The sensitivity analysis of errors/uncertainty would be of even greater importance if the calibration and validation of the
models were not performed. Environment Canada noted that sensitivity analyses could also be undertaken inversely, by
identifying the values of each input that would cause flooding, and then assessing how probable (or improbable) such
values are, both individually and in combination.
OPG Response:
The detailed flood analysis presented in AMEC NSS (2011) was conducted to support the preliminary design. The
results of this analysis show that the primary flooding risk for the repository is due to onsite direct precipitation. Flood
analysis was therefore conducted for an on-site Probable Maximum Precipitation (PMP) event.
It should first be noted that the reference PMP itself is conservative. The flood analysis assumed a PMP of 0.38 m
precipitation in one hour. For comparison, the maximum precipitation from Hurricane Hazel was 0.28 m in Ontario over
48 hrs (peak rate of 0.05 m/hr), and from the Harrow storm was 0.45 m in Ontario over 30 hrs (AMEC NSS 2011,
Table 5.9). The maximum precipitation from the recent Hurricane Sandy was 0.18 m (in USA) over its multi-hour
duration (NASA 2012).
The flood analysis predicted maximum flood levels of 186.60 to 186.86 metres above sea level (mASL) (AMEC NSS
2011, Section 7) based on the preliminary designs of site grading and the stormwater management system. The height
of the shaft collars (and other intake/exhaust structures providing access underground) is required to exceed the
maximum flood value, with the height to be finalized as part of the detailed engineering design of site grading and the
stormwater management system. This detailed design would also include repeating the flood hazard assessment. The
detailed design has not been finalized, but the interim reference design height for the shaft collars is 188 mASL.
In response to this Information Request, sensitivity calculations were made for a number of hydrologic and hydraulic
model parameters for the same conditions considered in the AMEC NSS (2011) flood analysis.
The following sensitivity cases were evaluated:


Soil Conservation Service Curve Number for each sub-catchment in the hydrologic model - varied ±10% and
±20%.
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Manning roughness ‘n’ coefficient - varied ±10% and ±40%.
Subcatchment Area - increased 10%.
Time to peak parameter - decreased 10%.
Peak flow from hydrologic model - varied ±10%.
Cross-section interdistance - varied ±10%.

It was assumed that the DGR main channel will be earthen, straight and uniform with some short grass, and the bank will
have some grasses and scattered brush. For these conditions, relevant roughness coefficients are 0.022 for a clean
earth channel, 0.030 for a weedy earth channel, and 0.035 for floodplain with tall grass (pasture). Therefore, the
reference values of Manning roughness coefficient in the hydraulic model were conservatively estimated as 0.03 and
0.04 for the main channel and bank, respectively (AMEC NSS 2011, Section 5.3.3). The ranges tested in sensitivity
analyses were therefore 0.02 to 0.04 for main channel and 0.03 to 0.05 for the bank.
Based on the results from the sensitivity analysis, it is concluded that the computed water surface elevations for the base
case at the DGR site are not sensitive to modifications to parameters in either the hydrologic or hydraulic model. None
of the simulations showed substantial differences in the maximum water surface elevation.
The most sensitive hydrologic parameter was subcatchment area, which increased the maximum water surface elevation
by +0.05 m for the +10% increased area case (+0.04 cm for curve number increased 20%, +0.03 m for Manning’s
roughness decreased 40%, and no change for time to peak decreased 10%).
The most sensitive hydraulic model parameter was the Manning’s roughness coefficient in the channel, which increased
the maximum water surface elevation by 0.13 m in the +40% case (+0.05 m for peak flow increased 10%, +0.02 m for
cross-section interdistance increased 10%). The area of potential flood risk was not changed from the base case.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NASA. 2012. Hurricane Sandy. Retrieved December 3, 2012, from
http://www.nasa.gov/mission_pages/hurricanes/archives/2012/h2012_Sandy.html
EIS-07-283

 Section 11,
Effects Prediction
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Describe the quality assurance measures used to ensure that the elevation data, including both the 0.5 m LIDAR (light
detection and ranging) data and site grading and drainage data, were sufficiently accurate, consistent, and properly
georeferenced.
Explain whether the LIDAR data is of sufficient accuracy and resolution to use for such a small-scale and presumably
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detailed catchment. Describe any checks performed to ensure consistency between the two datasets. State whether the
vertical and horizontal datums were consistent between the two datasets.
Context:
No context required.
OPG Response:
The LIDAR database that has been used as the basis for definition of topography across the DGR site was collected
during leaf-off conditions in the fall of 2006. LIDAR and orthophoto surveys were completed to obtain a bare-earth digital
elevation model and an ortho-rectified photograph of the land area within a 60 km2 area encompassing the Bruce nuclear
site.
The data collection quality control process included calibration flights to confirm georeferencing to Geodetic Survey
control monuments including BM# 0011972U180, a first-order vertical monument located approximately 9.6 km from the
DGR site, and BM# 00119963016, a first-order horizontal monument located in Port Elgin.
The LIDAR data was captured at a 1 m × 1 m resolution (i.e., a minimum of one point for every 1 m × 1 m grid cell). The
following is an excerpt from the ground control report that accompanied the data transmittal (Terrapoint 2007).
December 14, 2006 - Ground Control Report - Bruce Nuclear
Synopsis:
Average delta z

-0.017 m

Minimum delta z

-0.106 m

Maximum delta z

+0.077 m

Average magnitude

0.030 m

Root mean square

0.038 m

Standard deviation

0.034 m

The accuracy report that also accompanied the data transmittal (Terrapoint 2007) indicates the maximum and minimum
deviation from ground truth elevation is about 8 cm and -11 cm, respectively. The overall average deviation of the
complete dataset is about -2 cm.
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The accuracies associated with this dataset demonstrate that its use for this assessment is valid.
The cross section data upon which the hydraulic model of the DGR site was founded was abstracted from the available
0.5 m LIDAR contour data (described above) supplemented with site grading and drainage data.
The site grading and drainage data was geo-referenced in the form of AutoCAD drawing files. When combined with the
LIDAR contour data (using AutoCAD) the two datasets were visually co-ordinated both vertically and horizontally.
Further, no scaling was required of one or the other datasets to facilitate compatibility (i.e., both datasets were founded
in SI units using one drawing unit to represent 1 m). As well, major existing features such as roadways and drainage
ditches that were common (i.e., recognizable) within both datasets were seen (visually) to be aligned.
This co-ordination between the two datasets was considered sufficient and consistent with the accuracies associated
with the modelling methodology that was adopted for the project.
Reference:
Terrapoint. 2007. Bruce nuclear site LIDAR data transmittal, supporting text files
Network_Control_Report_Fully_Constrained.txt and GPS_Ground_Control_Accuracy_Assessment.txt. Terrapoint
Mapping Systems Inc., Ottawa, Canada.

EIS-07-284

 Section 11,
Effects Prediction
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Describe the impact of the existing drainage system on the Bruce site.
State whether OPG confirmed the revision of the assumptions on the depth of the ditch connecting the perimeter ditch to
the settling pond.
Confirm whether this revision brings into question any of the other information provided in the site grading and drainage
data provided by OPG and used in the analysis. Describe the impact that this would this have on the results.
Context:
It is suggested (pg. 101, Maximum Flood Hazard Assessment document) that the depth and slope of the ditch
connecting the perimeter ditch to the settling pond shown in site design drawings was found to be inaccurate and, as a
result, assumptions on the depth of the ditch had to be revised from the depth provided.
It is stated that a conservative assumption was made for this analysis that the sub-surface stormwater conveyance
system (which is designed for the 10-year storm event) would not be functional during the PMF event, and as a result all
precipitation from the PMP event falling on the DGR facility would be conveyed through the surface stormwater
management system.
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Environment Canada has questioned whether this is truly a conservative assumption, or if it is possible that the subsurface stormwater system may actually contribute in some way to increased flooding during the PMF event (e.g.,
perhaps conveying water from other areas of the Bruce nuclear facility to the DGR site). Additional clarification on this
assumption is needed.

OPG Response:
Impact of Existing Drainage System
The planned drainage system for the DGR is separate from other existing drainage systems on the Bruce nuclear site.
There is no flow from the existing surface drainage systems into the planned DGR site stormwater management system.
There is no connection of existing subsurface stormwater systems from outside of the DGR site onto the DGR site. In
particular, the WWMF surface and subsurface drainage systems drain into the south railway ditch and subsequently
Stream C, and are separate from the DGR site stormwater management system.
Impact of Assumptions on Depth of Ditch
During the preliminary design stage, it was initially assumed that finished ground surface elevation around the DGR
surface facilities would be 186 metres above sea level (mASL), which corresponds approximately to the current land
surface elevation. The flood hazard assessment was based on this assumption, and included a consistent ditch depth
(AMEC NSS 2011, Section 5.3.3).
However, the preliminary design work indicated that the stormwater management system required a higher ground
elevation at the DGR surface facilities to facilitate site drainage. The interim finished ground surface elevation around
the surface facilities has been increased to 188 mASL. This will be finalized as part of detailed design. This higher
elevation will allow greater ditch depth and ensure better runoff from the surface facilities than that considered in the
AMEC NSS (2011) flood analysis.
Reference:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-07-285

 Section 11,
Effects Prediction

Information Request:
Provide the margin of safety for the design of mitigation measures for flooding.
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Context:
Environment Canada noted that the assessment was based on preliminary design details of the DGR facility and, in part
as a result of the assessment’s finding regarding direct precipitation flood risk, the design is likely to be revised.
While the finding regarding the possibility of flooding itself is sufficiently well-documented, the actual flood elevation is
less certain. Environment Canada has noted that if the preliminary design elevations of the DGR facility are to be
modified and collar elevations of surface infrastructure determined based on the modelling results, then its suggestions
for further analysis are more critical.
Environment Canada stated that significantly more detail would be needed on the data, inputs and assumptions used in
the modelling in order to be confident that the flood elevations computed are sufficiently accurate for determining or
revising the DGR facility’s design elevation. A factor of safety should also be included in any design of mitigation
measures.
OPG Response:
The detailed flood analysis presented in AMEC NSS (2011) was conducted to support the preliminary design. The
results of this analysis show that the primary flooding risk for the repository is due to onsite direct precipitation. Flood
analyses were therefore conducted for an on-site Probable Maximum Precipitation (PMP) event.
It should first be noted that the reference PMP itself is conservative. The flood analysis assumed a PMP of 0.38 m
precipitation in one hour. For comparison, the maximum precipitation from Hurricane Hazel was 0.28 m in Ontario over
48 hrs (peak rate of 0.05 m/hr), and from the Harrow storm was 0.45 m in Ontario over 30 hrs (AMEC NSS 2011,
Table 5.9). The maximum precipitation from the recent Hurricane Sandy was 0.18 m (in USA) over its multi-hour
duration (NASA 2012).
The flood analysis provided maximum flood levels of 186.6 to 186.9 metres above sea level (mASL) (AMEC NSS 2011)
based on the preliminary design of the stormwater management system. The height of the shaft collars (and other
intake/exhaust structures providing access underground) is required to exceed the maximum flood value, with the height
to be finalized as part of the detailed engineering design of site grading and the stormwater management system. This
detailed design would also include repeating the flood hazard assessment. The detailed design has not been completed,
but the interim reference design elevation for the shaft collars is 188 mASL.
As an estimate of the margin of safety, the total volume of precipitation in the reference 1-hr PMP event was doubled that is, 0.76 m of precipitation was assumed to fall on the site in one hour. Repeating the analysis from AMEC NSS
(2011), the maximum water surface elevation increased to 187.5 mASL, which is less than the interim shaft collar height.
There is a large margin in the current design relative to the risk of flooding. This will be reaffirmed as part of the detailed
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design process.
References:
AMEC NSS. 2011. Maximum Flood Hazard Assessment. AMEC NSS Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-35 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NASA. 2012. Hurricane Sandy. Retrieved December 3, 2012, from
http://www.nasa.gov/mission_pages/hurricanes/archives/2012/h2012_Sandy.html

EIS-07-286

 Section 9.3,
Valued
Ecosystem
Components

Information Request:
Provide further justification for the selection of the burrowing crayfish as the VEC for benthic invertebrate organisms.
Provide a list of, and rationale for, other benthic species that can be used as the VEC to represent the benthic
invertebrate community.
Context:
Section 4.1.2 of the Radiation and Radioactivity TSD describes the criteria for selecting a species as a VEC for the
benthic invertebrate category, and states that “benthic invertebrates live in close contact with the sediment and are
relatively immobile; therefore they are highly exposed to the contaminants present therein”. However, Section 4.1.1 of
the Aquatic Environment TSD describes the burrowing crayfish as terrestrial organisms that “construct burrows through
clay or silty clay soils into the groundwater table…these burrows extend above the ground surface…” Based on that
description, it is more likely that the burrowing crayfish would be exposed to soils than to sediments, albeit soils that are
in close proximity to water bodies. The burrowing crayfish does not appear to be suitable as the VEC for benthic
invertebrates since it does not live in sufficiently close/prolonged contact with sediments.
Environment Canada has stated that it agrees that the burrowing crayfish species should remain a VEC, considering the
unique habitat requirements, but not as the VEC that represents benthic organisms. Environment Canada recommended
that true benthic invertebrates should be selected as VEC’s consistent with the description provided in section 4.1.2 of
the Radiation and Radioactivity TSD and to more accurately identify any risks to this component of the environment.
Leeches and snails along with aquatic crayfish are mentioned in section 5.3.1 of the Aquatic Environment TSD, however,
it is apparent that no comprehensive benthic community survey information is provided in the Aquatic Environment TSD
(see IR # EIS 07-292). It is not clear whether such surveys were carried out in Stream C, the South/North Railway
ditches and other appropriate waterbodies.
OPG Response:
No individual species were identified as Valued Ecosystem Components (VECs) in the Radiation and Radioactivity
Technical Support Document (AMEC NSS 2011); instead, the guild, benthic invertebrates, was the VEC. The burrowing
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crayfish was identified as the indicator for the benthic invertebrate VEC for consistency with the non-radiological VECs.
However, the assessment of doses to this indicator was calculated in a manner consistent with an aquatic benthic
invertebrate (i.e., resident in water and sediments all the time).
In calculating the radiological dose to the burrowing crayfish, the conservative assumption was made that the crayfish
exposure would be consistent with the behaviour of an aquatic crayfish (i.e., resident in water and sediments all the
time). Therefore, the dose to the burrowing crayfish would be the same as the dose calculated for a species that is a
true aquatic benthic (e.g., Orconectes spp.).
The DGR Project will not discharge to Stream C, nor will it discharge to the South and North Railway Ditches. Further,
the North Railway Ditch is frequently dry and does not contain water for extended periods of time to support aquatic flora
or fauna; therefore, it is not considered to be a waterbody. With respect to other surveys and information related to
benthic invertebrates, please refer also to OPG’s responses to Information Requests EIS-05-197 (OPG 2012), EIS-05198 (OPG 2012), EIS-07-291 and EIS-07-300.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-07-287

 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions

Information Request:
Explain the discrepancy between the levels of Iodine-131 and radioactive particulates in air measured in 2001 and those
measured between 2002-2009.
Evaluate whether the Project may cause emissions to again increase above the levels measured from 2002-2009, and
evaluate any effects this might have.
Context:
Table 5.4.1-1 of the Radiation and Radioactivity TSD shows that from years 2002 to 2008, the annual air emissions from
the Western Waste Management Facility (WWMF) for Iodine-131 ranged from approximately 1x104 Bq to 4x105 Bq
comprising 1% or less of the total Iodine-131 air emissions from the Bruce site. By comparison, in 2001, the WWMF
released 2x107 Bq of Iodine-131 to the atmosphere, which was 42% of the total Iodine-131 air emissions from the Bruce
site. Likewise, radioactive particulate air emissions from the WWMF ranged from 4x104 Bq to 2.5x106 Bq between 2002
and 2009. When compared to most years in the 2002-2009 period, the 2001 air emissions of radioactive particulate (and
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Iodine-131) were approximately three orders of magnitude greater.
Despite the marked difference, no acknowledgment of this is made nor any explanation provided.
OPG Response:
The primary contributor to the WWMF airborne releases is the radioactive waste incinerator. The "old" incinerator, which
operated until 2001, employed a simple one stage off-gas baghouse filtration system designed in the 1970s. The "new"
incinerator, which was installed in 2002, employs a more modern three stage off-gas treatment system consisting of a
spray cooler, a dry acid gas scrubber (based on lime and carbon addition), followed by a final filtration stage.
The primary purpose of the acid gas scrubber is to remove acidic products of combustion, such as chlorine compounds,
by chemical reaction. The system is also very efficient at removing other compounds which have similar chemical
properties, including iodine. The dry powder addition to the off-gas also provides a pre-coat layer to the baghouse filter,
which improves its efficiency for removing radioactive particulate. This system has, therefore, resulted in the step
change reduction in the emission of I-131 and radioactive particulate from 2001 to 2002. Table 1 presents data which
demonstrate the change from pre-2001 to post-2002. The year-to-year fluctuations are primarily due to the differences in
quantities and compositions of the waste incinerated, which vary from year to year.
Tritium and C-14, on the other hand, are present in the off-gas as tritiated water vapour and carbon dioxide gas,
respectively. These are not captured by conventional off-gas treatment methods (nor is it practical to do so due to the
overwhelming large amounts of chemically identical normal hydrogen and carbon-12 in the combustion gases), hence
their emissions remain unaffected by the new system.
Table 1: Annual Releases to Air from the Western Waste Management Facility
Contaminant

Year

Iodine-131 (Bq)

Particulate (Bq)

2.5 x 10

7

2.04 x 10

8

7.5 x 10

6

1.78 x 10

8

1997

5.1 x 10

6

9.88 x 10

7

1998

2.54 x 10

6

4.18 x 10

7

1999

3.71 x 10

6

1.20 x 10

8

2000

5.36 x 10

5

1.04 x 10

8

2001

2.10 x 10

7

8.10 x 10

7

2002

2.86 x 10

4

5.01 x 10

4

3.91 x 10

5

2.90 x 10

5

1995
1996

2003
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1.26 x 10

5

1.70 x 10

5

2005

1.20 x 10

5

2.45 x 10

6

2006

1.13 x 10

4

5.03 x 10

5

7.02 x 10

4

4.70 x 10

4

2008

5.96 x 10

4

7.23 x 10

4

2009

6.45 x 10

4

4.08 x 10

4

2010

9.76 x 10

4

5.61 x 10

5

2011

8.95 x 10

4

1.35 x 10

5

2004

2007

Sources:

1995 to 2000: OPG Quarterly Technical Reports
2001 to 2009: AMEC NSS 2011
2010 to 2011: BRUCE POWER 2011 and 2012

The DGR Project will not cause iodine-131 and radioactive particulates to increase.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2011. Annual Summary & Assessment of Environmental Radiological Data for 2010. Bruce Power
report B-REP-03419-00011 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2012. Annual Summary and Assessment of Environmental and Radiological Data for 2011. Bruce
Power Report B-REP-07000-00004 R000. (available at http://www.brucepower.com/category/reports/environmentalreports/)
EIS-07-288

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide additional justification for the explanation offered for the exceedances of the gamma water release action level
and the apparent upward trend of the gamma-delta water release data from 2006 to 2009.
Context:
Page 40 of the of the Radiation and Radioactivity TSD states that the action level for gross beta was exceeded in 2009.
Table 5.4.1-2 does not actually indicate action levels but rather, the Derived Release Limits (DRL) for the parameters
monitored.
Although the annual water releases of gross betagamma from 2001 to 2005 were below 1% of the DRL, there seems to
be an upward trend starting from 2006 where gross beta-gamma increased from about 1% of the DRL to more than 10%
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of the DRL by 2009.
The explanation on page 40 suggests that the exceedances of the action level in 2009 were a result of the use of road
salts and lab techniques. However, it is not clear whether the use of road salts in the other years had any impact on the
data. There is little additional information to support the OPG’s conclusion. Furthermore, there is no indication in the
Radiation and Radioactivity TSD to acknowledge the upward trend, nor is there any explanation regarding this upward
trend.
OPG Response:
The action level for gross beta in liquid effluent for the Western Waste Management Facility (WWMF) is
1.0×107 Bq/month. The value was incorrectly reported in Section 5.4.2 of Radiation and Radioactivity Technical Support
Document (AMEC NSS 2011) as 1.0×10-7 Bq/month.
In the WWMF, gross beta in liquid discharge was calculated based on radioactivity in samples detected using gross beta
analysis technique and the measured volume of water discharged to the environment. Note that up to 2011, annual
emissions of gross beta in liquid discharge from WWMF were reported as gross beta/gamma in the Bruce Power’s
Radiological Environmental Monitoring Program (REMP) documentation. As described below, there are three reasons
for the upward trend in gross beta radioactivity in liquid discharges from 2006 to 2009.
1. Use of Road Salt
Starting in winter 2007, there was an operational change at the WWMF. Road salt was used to replace urea as a deicing agent for the WWMF’s surface de-icing needs. As a result, potassium-40, a naturally-occurring radionuclide, was
introduced to WWMF liquid effluent (surface drainage) in the form of impurities in the road salt. It is currently the main
constituent of gross beta radioactivity in liquid effluent at the WWMF (OPG 2010). This explains a strong seasonal effect
on the gross beta concentration in the surface drainage samples observed from the third quarter of 2007 to the first
quarter of 2010 as illustrated in Figure 1.
2. Increase in Minimum Detection Levels
When the sensitivity of the gross beta measurement is reduced, it can result in the minimum detection level (MDL) rising
above the actual level of gross beta within the sample. Following introduction of salt, the MDLs have increased as a
result of beta self-shielding due to higher content of solids in the samples. This leads to overestimation of the actual beta
levels because the reported value for measurements below MDL is based on the MDL value. This increase does not
reflect an actual increase in radioactivity in effluent but is an artifact of the reporting approach.
3. Expansion of the WWMF
The operational conditions at the WWMF have changed with the development of new buildings/facilities. The operating
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footprint at the WWMF, including the paved area which requires de-icing in the winter, has increased by approximately
50% since 2001. This has resulted in a significant increase in the amount of surface water effluent (Figure 2)
(OPG 2010). While this did not impact concentrations, the increase in the volume of the run-off has resulted in increased
total radioactivity discharged from the WWMF.

Figure 1: Gross Beta Concentration in Surface Water (2006 to 2010)
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Figure 2: Volume of Surface Water Discharged to Environment (2001 to 2009)
Summary
The changes discussed above are the major contributors to the action level exceedance observed in the past. The
levels of radioactivity present in the water samples collected from sample stations are within the normal operating range
of the structures and do not indicate a loss of containment.
As noted, there was an upward trend in radioactivity in liquid effluent at the WWMF from 2006 to 2009. The radioactivity
in liquid effluent increased from 0.01% of the WWMF waterborne gross beta Derived Release Limit (DRL) to 0.1% of the
DRL as shown in Table 5.4.1-2 of Radiation and Radioactivity TSD (AMEC NSS 2011). However the upward trend has
not continued since 2009. For example, gross beta-gamma emission was 5.06×107 Bq in 2010 and 9.02×107 in 2011,
which is lower than the activity of 1.23×108 Bq in 2009 (BRUCE POWER 2011 and 2012).
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References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2011. Annual Summary & Assessment of Environmental Radiological Data for 2010. Bruce Power
report B-REP-03419-00011 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2012. Annual Summary & Assessment of Environmental & Radiological Data for 2011. Bruce Power
report B-REP-07000-00004 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
OPG. 2010. Western Waste Management Facility – Waterborne Gross Beta Action Level Exceedance, W-REP-0348000001 R01.
EIS-07-289

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide more detailed information regarding the location of the “tritium in precipitation” monitoring stations located within
the Site Study Area. Provide more recent monitoring data for the Site Study Area.
Context:
Precipitation that is contaminated by tritium falls within the various watersheds of the Site Study Area, and will fall or flow
into various habitats (e.g. North and South Railway Ditch, Stream C, Baie du Doré, wetlands adjacent to the Project site).
These areas include habitat for a variety of terrestrial and aquatic species (e.g. the endangered spotted turtle, various
fish species, burrowing crayfish, etc.). It is therefore important to assess effects within these habitats. However, the
tritium precipitation data presented in Table 5.5.2-1 in the Radiation and Radioactivity TSD is mainly for monitoring
locations that lie outside, or at the edges of, the Site Study Area, for the period 2001-2009.
Locations within the Site Study Area have not been sampled since 2002. There is no text description of the precipitation
monitoring locations associated with the data in Table 5.5.2-2 in the Radiation and Radioactivity TSD.
Based on data from Table 5.5.2-1, there has been an overall increasing trend of tritium in precipitation between 2001 and
2009. Specifically, at monitoring locations B2 and B4, which are the locations closest to the Site Study Area, the tritium
concentration in precipitation has gradually increased two-fold from 2001 to 2009. This suggests that tritium levels in
precipitation may also be increasing within the Site Study Area. Recent data for the Site Study Area should be provided
to understand if a similar trend is occurring, and what the current tritium concentrations are.
OPG Response:
The tritium in precipitation data reported in Table 5.5.2-2 of the Radiation and Radioactivity Technical Support Document
(TSD) (AMEC NSS 2011) are based on samples collected at a sampling point on the Amenities Building roof within the
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Western Waste Management Facility (WWMF) (i.e., the Project Area) using a tipping rain gauge (OPG 2005,
Section 4.4.1.2).
No additional monitoring data has been published for the concentration of tritium in precipitation for the Site Study Area.
Recent tritium in precipitation data for the Local and Regional Study Areas are provided in Table 1.
Table 1: Annual Average Tritium Activity in Precipitation
Monitoring
Location1

Average Tritium Activity in Precipitation (Bq/L)
20082

20092

20103

20114

B2

222.4

274.6

349.1

268.9

B3

146.9

132.0

241.5

164.5

B4

197.1

235.2

319.9

226.9

B5

133.7

125.8

145.4

113.5

B6

14.6

14.3

21.1

17.7

B7

165.5

158.3

272.4

197.5

B8

20.9

21.6

25.2

24.7

B9

16.0

14.8

24.7

19.5

B10

109.2

119.3

120.0

98.2

B11

65.2

75.3

122.6

58.5

Notes:

1
2
3
4

Sampling locations are shown on Figure 5.5.2-1 of AMEC NSS 2011
AMEC NSS 2011 (Table 5.5.1-1)
BRUCE POWER 2011 (Table 4.3.3a)
BRUCE POWER 2012 (Table 9)

As described in the Radiation and Radioactivity TSD (AMEC NSS 2011, Section 5.5.2), tritium levels in precipitation are
related to the concentration of tritium in air. The increasing trend in tritium in precipitation parallels the increase in tritium
emissions described in Section 5.4.1 of the TSD (AMEC NSS 2011), which appears as tritium in precipitation due to
washout (BRUCE POWER 2010, Section 2.3.3). The WWMF is a small contributor of tritium releases to air, amounting
to less than 4% of the releases from the Bruce nuclear site in 2009 (AMEC NSS 2011, Table 5.4.1-1). The WWMF will
continue to contribute a very small fraction of the Bruce nuclear site tritium emissions to air, which are the source of
tritium in precipitation. For the same reason, future trends for tritium in air will not be influenced by the operation of the
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DGR Project.
BRUCE POWER (2008, Section 4.2.1) states that a slight increasing trend is noticed in airborne tritium concentrations at
most sampling stations since 1997 consistent with the corresponding increases in release rates at Bruce A and Bruce B.
The increases in 2003 and 2004 coincide with the restart of Bruce A Units 3 and 4. Since 2005, increased airborne
tritium has been associated with specific processes. Maintenance has been completed, or is planned, to reduce the
releases (BRUCE POWER 2008, Section 4.2.1). The data in Table 1 show a reduction in tritium in precipitation in 2011
over 2010. This reduction is attributed to reduced emissions from Bruce B (BRUCE POWER 2012, Section 4.5.1.2).
As described in Section 5.5.2 of the Radiation and Radioactivity TSD (AMEC NSS 2011), and as shown by the data
reported in Table 1, the concentration of tritium in precipitation generally decreases with distance from the Bruce nuclear
site. The assessment of effects of the DGR Project examined potential effects on non-human biota associated with
radiation doses from exposure to radioactivity in the air, surface water, and from other media into which the radioactivity
may transfer. The existing dose rates, shown in Table 8.3.3-1 of the Radiation and Radioactivity TSD (AMEC NSS
2011), are less than the reference values that are expected to ensure the survival of populations of biota. The potential
effect of DGR Project radiological emissions on non-human biota is documented in Section 8.3.3.2 of the Radiation and
Radioactivity TSD (AMEC NSS 2011). The assessment determined that releases of radioactivity from the DGR Project
are not likely to have an adverse effect on non-human biota.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2008. Bruce Power New Nuclear Power Plant Project Environmental Assessment. Radioactivity
Technical Support Document.
BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. Bruce Power
report B-REP-03419-00010 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2011. Annual Summary & Assessment of Environmental Radiological Data for 2010. Bruce Power
report B-REP-03419-00011 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
BRUCE POWER. 2012. Annual Summary & Assessment of Environmental & Radiological Data for 2011. Bruce Power
report B-REP-07000-00004 R000. (available at http://www.brucepower.com/category/reports/environmental-reports/)
OPG. 2005. Radiation and Radioactivity Technical Support Document. Western Waste Management Facility
Refurbishment Waste Storage Project Environmental Assessment. SENES Consultants Ltd. report for OPG.
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Ambient
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Information Request:
Provide an explanation for the steady increases of tritium detected in well WSH231 since 2002 and the increases of
tritium in well WSH243 since 2007.
Provide information regarding the radiological groundwater contamination in the existing Western Waste Management
Facility (WWMF) area and any influences it may have on the proposed DGR project area.
Context:
Figure 5.9-2 of the in the Radiation and Radioactivity TSD show that from approximately January 2002, there has been a
significant increase in tritium at the WSH 231 to about 30,000 Bq/L; then there seems to be an upward trend from
approximately 2004 to a maximum of 80,000 Bq/L in 2009. The Radiation and Radioactivity TSD explains that the tritium
trend in this well is believed to be primarily influenced by the tritium collecting in the foundation drains of Low Level
Storage Buildings. However, it is unclear whether there is a hydraulic connection between the foundation drains and the
site groundwater (i.e. cracks in the foundation drains).
There is no explanation of what was done to verify this explanation, what remedial measures are being undertaken, and
what effect these tritium plumes may have in relation to the DGR Project. The Radiation and Radioactivity TSD explains
that these tritium levels are far below the generic screening criteria of 3,000,000 Bq/L for non-potable groundwater. It is
not clear what this generic screening criterion is based on.
Additionally, Figure 5.9-4 shows that the tritium levels in WSH243 have been steadily increasing, from approximately
50 Bq/L in 2005 to approximately 300Bq/L in 2009. Although these numbers are relatively low in comparison to WSH23,
no explanation for this trend is provided.
OPG Response:
This response is provided in addition to information previously provided in OPG’s responses to Information Requests (IR)
EIS-01-01 (OPG 2012a) and EIS-06-241 (OPG 2012b) on tritium in groundwater and Canadian Nuclear Safety
Commission (CNSC) oversight at the OPG Western Waste Management Facility (WWMF). Information provided in
these responses is, in part, reproduced below.
A routine groundwater monitoring program is conducted at the WWMF as a condition of an operating licence issued by
the CNSC. The purpose of the monitoring program is to observe and detect changes in groundwater quality that may
occur as a result of WWMF operation. The current monitoring system is comprised of 20 WSH-series wells, including
WSH-231 and WSH-243 that are positioned at or near the facility perimeter. The monitoring well network was
specifically designed to detect changes in groundwater quality within the upper most aquifers beneath the site in which
lateral contaminant migration could occur beyond the WWMF site boundary. The monitoring well network was initially

994

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
installed in 1990 and has since been increased to accommodate WWMF site expansion. A description of the
hydrogeologic conditions in the vicinity of the WWMF, the WSH-series groundwater quality monitoring well network, the
spatial distribution of tritium in groundwater at the WWMF and numerical simulations to illustrate the impact of activities
in the DGR project area on groundwater flow and tritium migration in the vicinity of the WWMF is provided by Sykes
(2012). The groundwater simulations performed by Sykes (2012) indicate that that tritium levels in groundwater in the
vicinity of the WWMF will have no material influence on activities conducted in the DGR project area. Noteworthy is that
groundwater tritium concentrations in WSH-series monitoring wells down gradient of WSH-231, in particular, those within
the underlying shallow confined carbonate bedrock aquifer (including WSH-243) in which lateral migration beyond the
WWMF boundaries could occur, do not exceed ~500 Bq/L.
The results of the groundwater monitoring program are reported quarterly to the CNSC as a condition of the WWMF
operating licence. In certain circumstances, such as at WSH-231, sampling is conducted bi-weekly and reported
monthly to the CNSC. The CNSC is providing regulatory oversight with respect to the tritium in groundwater observed at
the WWMF. It should be recognized that all WSH-series monitoring wells are controlled and inaccessible to the public,
and are constructed such that they cannot be used as a source of potable drinking water.
References:
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
Sykes, J.F. 2012. OPG DGR: Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the
Construction of the DGR Shafts. NWMO Technical Memorandum DGR-TM-03400. Toronto, Canada. (CEAA Registry
Doc# 365)

EIS-07-291

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide the following additional information about the aquatic environment baseline:


Detailed description of the fish sampling program conducted at Stream C on July 2007 including a map depicting
the location of the sampling stations, sampling methodology and sampling results. (Note that results of the 2007
sampling program for the South Railway Ditch were provided in OPG`s response to IR# EIS 01-14 (p. 47) but
there was limited information on how the sampling program was conducted.)



Detailed description of the fish sampling program conducted at MacPherson Bay on July 2007 including a map
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depicting the location of the sampling stations, sampling methodology and sampling results.


Detailed description of the smallmouth bass nest sampling program conducted at the Baie du Doré which is
briefly depicted on Figure D-3 including a description of the sampling methodology and sampling results. Also
provide a description and summary of results of any other fish and benthic invertebrate surveys conducted at the
Baie du Doré in previous years.



Detailed description of any benthic invertebrate sampling surveys conducted across the Site Study Area (SSA)
(i.e., MacPherson Bay, Baie du Doré, North and South Railway ditches and Stream C), including a map
depicting the location of the sampling stations and sampling methodology.

Context:
OPG has indicated that various field sampling surveys have been conducted in the Site Study Area in 2007 and 2009.
However, very little information has been provided for review. A well-established baseline is necessary in order to
facilitate temporal comparisons to identify changes in the Site Study Area. The following considerations establish the
need for the additional information requested:


It is indicated on p. 45 of the Aquatic Environment TSD and in OPG’s response to IR# EIS 01-14 that various
species were collected in Stream C on July 2007 however a limited amount of information has been provided
about how the sampling program was conducted. Also, there was no data provided for Stream C in Appendix C
or in OPG’s response to IR# EIS-01-14, just a brief summary on p. 45.



The requested information will ensure that the baseline dataset for Stream C is complete in order to determine if
future project-related activities have an effect on Stream C. The benthic invertebrate community is an indicator of
habitat health. There was no indication in the EIS of any sampling programs or sampling data collected in the
Site Study Area for the assessment of the benthic invertebrate community.



It is briefly discussed on p. 45 of the Aquatic Environment TSD that cold-water species have been found at
MacPherson Bay (i.e. round whitefish, lake whitefish, lake trout, deepwater sculpin) but no detailed information is
provided for these species in Table C-2. It is also indicated on p. 45 that studies focusing on lake whitefish and
round whitefish have been conducted in the area, therefore the requested information should be available.



There is no additional information provided in the of the Aquatic Environment TSD about the smallmouth bass
nest sampling program conducted in the Baie du Doré other than the information presented on Figure D-3 of the
Aquatic Environment TSD. Additional information on the survey and the rationale behind the survey will be of
value to the assessment of potential effects of the Project on the Study Site Area.

996

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

OPG Response:
The aquatic ecology field program for the DGR Project focused on collecting data to fill known data gaps in the existing
information for watercourses and waterbodies where potential effects due to the DGR Project were anticipated. The
Project will not discharge to Stream C or Baie du Doré. The description of the existing aquatic environment provided in
the Aquatic Environment Technical Support Document (TSD) (GOLDER 2011) is a combination of field data collected for
the DGR Project and information from secondary sources.
Fish Sampling Program at Stream C and the South Railway Ditch (July 2007)
The July 2007 fish sampling in Stream C was completed as part of the Bruce New Nuclear Power Plant Project
Environmental Impact Statement (EIS) (BRUCE POWER 2008), not as part of the field data collection for the DGR
Project. The sampling stations were depicted on Figure 2.5.3.2-5, Stream "C" Assessment 2007 (enclosed), of the
Bruce New Nuclear Power Plant Project Aquatic Environment TSD (GOLDER 2008). The field sampling protocol and
detailed results of that sampling program are found in the Bruce New Nuclear Power Plant Project Aquatic Environment
TSD (GOLDER 2008, Section 2.5.3.2 and Appendix E). The results of the sampling program are provided in OPG’s
response to Information Request (IR) EIS-01-14 (OPG 2012a). As stated in the Aquatic Environment TSD (GOLDER
2011, Section 5.1.2), fish sampling was conducted in the South Railway Ditch from the area adjacent to the proposed
DGR Project to the confluence with Stream C. Fish sampling locations in the South Railway Ditch are shown on
Figure 1, Fish Sampling in the South Railway Ditch (enclosed). The method for the fish sampling in the South Railway
Ditch is provided in Section 5.1.2 of the Aquatic Environment TSD and restated here.
The sampling was conducted using a Smith Root backpack electro-fisher following the Ontario Ministry of Natural
Resources (MNR) single pass electro-fishing procedure outlined in the Ontario Stream Assessment Protocol
(Stanfield 2005). Captured fish were enumerated, and fork and total length (as applicable) were measured and
recorded. All captured fish were released after handling. Observations of fish habitat and aquatic vegetation were
recorded. The estimated length of the surveyed reach was 1,100 m with 5,560 seconds of electro-fishing conducted.
The fish sampling results for the South Railway Ditch are provided in Table C-3 of the Aquatic Environment TSD
(GOLDER 2011). OPG’s original response to IR-EIS-01-14 (OPG 2012a), and supplementary response to IR-EIS-01-14
(OPG 2012b) provided additional quantitative data from this program.
Fish Sampling Program at MacPherson Bay (July 2007)
The nearshore fish community in MacPherson Bay was sampled in July 2007 as part of the aquatic field program for the
DGR Project. The methods used included seine nets and minnow traps as documented in the Aquatic Environment TSD
(GOLDER 2011, Section 5.1.2). A map depicting aquatic sampling locations in MacPherson Bay is provided for this
response as Figure 2, Aquatic Sampling (enclosed). The sampling results for this program are provided in Tables C-1
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and C-2 of the Aquatic Environment TSD (GOLDER 2011).
Page 45 of the Aquatic Environment TSD (GOLDER 2011) referenced coldwater species (e.g., lake whitefish and lake
trout) in deep water habitats and offshore open lake habitats. The Aquatic Environment TSD (GOLDER 2011) did not
indicate that coldwater species were caught in MacPherson Bay as part of the sampling program. The species caught
during the 2007 fish sampling program in MacPherson Bay are generally warmwater species. Table C-2 in the Aquatic
Environment TSD (GOLDER 2011) lists those species that were caught during the July 2007 nearshore fish sampling in
MacPherson Bay. This list does not contain any of the coldwater species mentioned on page 45 of the Aquatic
Environment TSD (GOLDER 2011). The statement referring to “studies focusing on lake whitefish and round whitefish
spawning in the vicinity of the Bruce nuclear site” is in recognition of a number of historical studies such as the Bruce 5-8
Environmental Effects Report (OPG 1999).
Smallmouth Bass Nest Sampling Program at Baie du Doré
No sampling of smallmouth bass nests was conducted as part of the aquatic field program for the DGR Project.
However, the Bruce New Nuclear Power Plant EIS (BRUCE POWER 2008, Section 2.2.3) did include field studies to
count active smallmouth bass nests in the Bruce A and Bruce B discharge channels, Baie du Doré and MacPherson Bay
in May and June 2007. Descriptions of the smallmouth bass nesting program methods and results can be found in the
Bruce New Nuclear Power Plant Project Aquatic Environment TSD (GOLDER 2008, Sections 2.5.3.2 and 4.1.2.1), which
found that there were no smallmouth bass nests observed in MacPherson Bay. It was determined that there was no
plausible pathway of effect from the DGR Project to the smallmouth bass nesting habitat in Baie du Doré, thus further
analysis of this field data was not required for the DGR Project.
Because the DGR Project will not discharge to Stream C, thus will not have any direct effects on aquatic species in Baie
du Doré, no specific aquatic field work was completed in Baie du Doré as part of the DGR Project. The Aquatic
Environment TSD (GOLDER 2011, Section 5.3.3) provided a summary of existing aquatic conditions in Baie du Doré
based on secondary sources.
Benthic Invertebrate Sampling Program
OPG’s responses to IRs EIS-05-197 and EIS-05-198 (OPG 2012c) contain detailed information on benthic invertebrate
sampling programs across the Site Study Area from secondary sources. These responses indicate that background
information and incidental observations of invertebrate use of the aquatic systems were used to characterize the existing
conditions in the Project Area for benthic invertebrates. For instance, in 2004 a bioinventory of the South Railway Ditch
for the Western Waste Management Facility Integrated EA Follow-Up Program concluded that the benthic invertebrate
community consists of few species, including leeches, aquatic snails, aquatic crayfish and larval beetles at stations
located in open water areas of the ditch (KINECTRICS 2005, Section 8). Sampling methods and sampling locations can
be found in the Western Waste Management Facility Integrated EA Follow-Up Program report (KINECTRICS 2005,
Section 3 and Appendix J). These invertebrate observations were supported by DGR field studies in 2007 and reported
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in the Aquatic Environment TSD (GOLDER 2011, Section 5.3.1).
There were no benthic invertebrate community sampling programs in Stream C as part of the DGR field program. It was
determined early on that drainage from the DGR site would be conveyed away from Stream C. Since there would be no
direct pathway of effect from the DGR Project on Stream C, sampling of benthic invertebrates was not undertaken.
The South Railway Ditch was not sampled because it is a constructed, ephemeral and intermittent feature, in which
seasonal variability is high and dry conditions preclude sampling. The North Railway Ditch does not contain water for
extended periods of time to support aquatic flora or fauna; therefore, it is not considered to be an aquatic habitat as
documented during the field studies for the DGR Project and reported in the Aquatic Environment TSD (GOLDER 2011,
Section 5.3). In addition, the drainage from the DGR site would be conveyed away from both the North and South
Railway Ditches.
A quantitative assessment of benthic invertebrate communities in MacPherson Bay and Baie du Doré was completed in
2007 to support the Bruce New Nuclear Power Plant Project EIS (BRUCE POWER 2008, Section 8.5.3.2). The findings
were summarized in Section 5.3.3 of the Aquatic Environment TSD (GOLDER 2011) and detailed in the responses to
information requests EIS-05-197 and EIS-05-198. The benthic sampling locations are depicted on Figure 2 to this
response. The sampling methods and detailed data on the benthic invertebrate communities can be found in the Bruce
New Nuclear Power Plant Aquatic Environment TSD (GOLDER 2008, Section 2.5.3.2, and Appendix E).
References:
BRUCE POWER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment - Environmental Impact
Statement.
GOLDER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment: EIS Studies Aquatic
Environment Technical Support Document.
GOLDER. 2011. Aquatic Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada. (CEAA Registry Doc # 299)
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III - Operational
Phase. Report No. K-010669-001-RA-0001-R0. Prepared for Ontario Power Generation.
OPG. 1999. Bruce 5-8 Environmental Effects Report. Ontario Power Generation report No. NK29-REP-07010.0110001-R00.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
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OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD# 00216CORR-00531-00118”, July 10, 2012. (CEAA Registry Doc# 606)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Response to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
Stanfield, L. 2005. Ontario Stream Assessment Protocol. Fish and Wildlife Branch, Ontario Ministry of Natural
Resources. Peterborough, Canada.

EIS-07-292

 Section 10.1.2,
Surface Water

Information Request:
In addition to the information requested in IR# EIS 03-79, data on the following water quality parameters should be
provided to establish surface water quality baseline in the Site Study Area (i.e., MacPherson Bay, Baie du Doré, North
and South Railway ditches, and Stream C):


dissolved oxygen;



chlorophyll a; and



biological oxygen demand (BOD).

Context:
Releases from the Project can also contribute to eutrophication in the receiving environment. Monitoring of chlorophyll a
and BOD will provide an indication of the eutrophication potential at the sampled water body. Monitoring of dissolved
oxygen will be an indicator of habitat quality for the fish communities in the Site Study Area. This establishes important
baseline information for temporal comparisons as part of the Follow-Up Monitoring Program.
OPG Response:
The DGR Project will not discharge to the North and South Railway Ditches, Stream C or Baie du Doré. Therefore,
releases from the DGR Project will not affect the trophic conditions in these surface water features.
The measures of dissolved oxygen, chlorophyll a and biological oxygen demand (BOD) can be used to characterize
trophic status and biological activity. While the effluent from the DGR project (stormwater management pond) is not
expected to have any significant concentrations of phosphorous or organic material (e.g., biological oxygen demand), it
is expected to contain nitrate and ammonia. However, the effluent is not expected to change the trophic status of
MacPherson Bay since the growth of algae and/or macrophytes in MacPherson Bay will be limited by the available
phosphorous. Appendix E of the Hydrology and Surface Water Quality Technical Support Document (GOLDER 2011)
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shows that the phosphorous concentrations in MacPherson Bay are less than the Provincial Water Quality Objective for
phosphorous used in the assessment (0.020 mg/L).
As stated in OPG’s response to Information Request (IR) EIS-05-228 (OPG 2012), since the monitoring locations are
characterized by shallow water depths, dissolved oxygen is not a concern. Surface re-aeration will maintain dissolved
oxygen values at near-saturation levels in shallow water bodies. This is especially true for MacPherson Bay, which is
subject to wind/wave action, and Stream C, which is a continually flowing water body.
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc #793)

EIS-07-293

 Section 10.1.2,
Surface Water

Information Request:
Provide the results of surface water quality monitoring conducted at the control water quality sampling stations in
Goderich and the Little Sauble River.
Explain the observed elevated levels of total suspended solids, nutrients and metals observed in some of the surface
water quality samples collected in the Site Study Area.
Context:
Sections 5.5.2.2, 5.5.2.3, 5.5.2.5 (and in more detail Appendix E) of the Hydrology and Surface Water Quality TSD
indicate that some water quality parameters were elevated at some of the surface water quality stations in the Site Study
Area. For example, total phosphorus was noted as elevated above the PWQO guideline of 20 μg/L in 2003 and 2004
water quality samples collected at the South Railway Ditch and in the October 27, 2009 water quality sample.
These elevated concentrations were noted by the Proponent as being consistent with water quality results at the control
stations; however, the results from the control station water quality samples were not provided for comparison.
Other examples include the elevated iron concentrations detected on several water quality samples collected in 2007
and 2009 from SW1 (Stream C – Upstream) and zinc concentrations measured at SW5 (Drain Under Interconnecting
Road) in 2007 and 2009.
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OPG Response:
The Hydrology and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011, Section 5.5.1) provides
a characterization of the existing water quality conditions in the Site Study Area. The TSD states:
“Where appropriate, results from the sampling programs are compared with the Provincial Water Quality
Objective (PWQO) [9] and the Canadian Council of Ministers of the Environment (CCME) Guidelines [26]. This
comparison is provided solely to reflect water quality relative to existing accepted benchmarks. In general, the
PWQOs provided more stringent criteria than the CCME Guidelines and therefore most of the discussions below
reference the PWQO criteria instead of the CCME Guidelines.”
The DGR Project does not discharge to the South Railway Ditch or to Stream C. Therefore the project will not affect
metals levels in these surface waters.
Explanations of the exceedances are not required to define the baseline conditions; however, the following information is
provided.
As indicated in the Hydrology and Surface Water Quality TSD (GOLDER 2011, Section 5.5.2.2), the elevated levels of
Total Suspended Solids (TSS) were measured in samples taken after rainfall events (i.e., rained within the previous
24 hours). Concentrations of TSS are commonly elevated in surface waters following rainfall events.
The Hydrology and Surface Water Quality TSD (GOLDER 2011, Section 5.5.2.3) identifies elevated total phosphorous
levels in the South Railway Ditch in samples collected in 2003 and 2004. In water quality sampling completed for the
DGR Project, only two samples measured phosphorous levels above the PWQO of 20 µg/L; both only slightly above at
23 and 28 µg/L. It should be noted that for phosphorous, there are three PWQOs of varying levels of protection, and
these levels are specific to particular receiving water environments. Although the two samples measured phosphorous
levels above the PWQO used in the assessment (20 µg/L of phosphorous to avoid nuisance concentrations of algae in
lakes), a PWQO of 30 µg/L exists for phosphorus (to avoid excessive plant growth in rivers and streams). The levels
measured in samples for the DGR Project are below this value. Ammonia levels in the DGR samples did not exceed the
criterion.
The DGR Project sampling sites for which metal concentrations exceeded criteria are listed in the Hydrology and Surface
Water Quality TSD (GOLDER 2011, Section 5.5.2.5). Samples collected from the South Railway Ditch (sampling
locations SW3 and SW4) exceeded the PWQOs for iron and zinc. As discussed in OPG’s response to Information
Request EIS-07-295, the South Railway Ditch received surface runoff from the Spent Solvent Treatment Facility, as well
as potential runoff from a Sewage Processing Plant and an abandoned oil unloading facility. Sediments in the South
Railway Ditch have also been observed to have elevated concentrations of some metals (EIS-07-295). Samples taken
at the Drainage Culvert under Interconnecting Road (SW5) also showed elevated levels of zinc, iron and copper. This
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ditch is located adjacent to a roadway on the Bruce nuclear site.
The water quality sampling results (Goderich and Little Sauble River control sites only) from the Western Waste
Management Facility Integrated EA Follow-up Program (KINECTRICS 2005, Appendix E) are provided below for
reference (scanned images of printed report). (Note: larger size tables are provided at the end of the responses to EIS
IRs).
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References:
CCME. 1999. Canadian Environmental Quality Guidelines. Canadian Council of Ministers of the Environment.
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III - Operational
Phase. Kinectrics Inc. report K-010669-001-RA-0001-R00.
MOE. 1999. Water Management - Policies, Guidelines, Provincial Water Quality Objectives of the Ministry of
Environment and Energy. (issued 1994; reprinted 1999)
EIS-07-294

 Section 10.1.2,
Surface Water

Information Request:
Evaluate water quality data against the proper Provincial Water Quality Objectives (PWQO) and Canadian Council of
Ministers of the Environment (CCME)’s Canadian Environmental Quality Guidelines (CEQG). Provide and evaluate data
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regarding un-ionized ammonia.
Context:
Environment Canada noted various issues with some of the proposed water quality criteria in Appendix D of the
Hydrology and Surface Water Quality TSD, as follows:


Total Ammonia – CEQG criteria: 1.37 – 2.2 mg/L
i.

The Proponent should note that the CCME water quality guideline for the protection of aquatic life is pHand temperature-dependent. The Proponent should indicate what pH and temperature the suggested
criteria range was based on.



Un-ionized Ammonia – CEQG criteria is 19 μg/L.



Nitrate – CEQG criteria: The Proponent provided a narrative guideline; however, it should be noted that there is
a CEQG of 13 mg/L for freshwater environments.



Temperature: Environment Canada proposes the use of CCME’s Thermal criteria, whereby thermal additions to
receiving waters should be such that the maximum weekly average temperatures (MWAT) and short-term daily
maximums of the sensitive important species that are normally found at that location and time are not exceeded.
Environment Canada also suggests that the Proponent refer to the 1987 Canadian Council of Resource and
Environment Ministers thermal guidance factsheet for additional information.



Turbidity – CCME CEQGs for turbidity are for “clear flow” and “high flow on turbid waters” scenarios. The stated
guideline for the high flow case is incorrect. The correct guideline is the following:
i.





“maximum increase of 8 NTUs from background levels at any one time when background levels are
between 8 and 80 NTUs. Should not increase more than 10% of background levels when background
>80 NTUs.”

Mercury – stated CCME CEQGs of 0.0001 mg/L is incorrect. The correct CCME CEQG is:
i.

Inorganic: 0.026 μg/L

ii.

Organic: 0.004 μg/L

Uranium: The Proponent should note that there is a new CCME CEQG for uranium:
i.

Chronic exposure: 15 μg/L

ii.

Acute exposure: 33 μg/L
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OPG Response:
Appendix D of the Hydrology and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011) provides a
list of the criteria used to define an adverse effect resulting from changes in surface water quality associated with the
stormwater management pond (SWMP) discharge (GOLDER 2011, Section 8.1.1). These criteria are not proposed
discharge criteria for the project, though they may be referenced in the future during the Ontario regulatory permitting
process to establish site specific discharge criteria.
Appendix E of the Hydrology and Surface Water Quality TSD (GOLDER 2011) presents a summary of the existing
surface water quality data for sample locations SW1, SW2, SW3, SW4, SW5 and SW6. As discussed in the document
(GOLDER 2011, Section 5.5.2), where appropriate, results from the sampling program were compared with the
Provincial Water Quality Objectives (PWQO) and the Canadian Council of Ministers of the Environment (CCME)
guidelines. This comparison was provided solely as context for existing surface water quality relative to existing
accepted benchmarks. In general, the PWQOs provided more stringent criteria than the CCME Guidelines and therefore
most of the discussions in Section 5.5.2 (GOLDER 2011) reference the PWQO.
OPG acknowledges that the CCME CEQG values for total ammonia rely on both temperature and pH. The following
table provides a matrix of total ammonia CEQG values for various temperature and pH ranges. The two values listed in
Appendix D (GOLDER 2011) were provided as examples, and fall generally in the middle of the criteria table. The final
criteria will be determined through the Ontario permitting process and would be based on Table 1 below.
Table 1: Water Quality Guidelines for Total Ammonia for the Protection of Aquatic Life (mg/L NH3)
pH

Temperature
o
( C)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

10.0

0

231

73.0

23.1

7.32

2.33

0.749

0.25

0.042

5

153

48.3

15.3

4.84

1.54

0.502

0.172

0.034

10

102

32.4

10.3

3.26

1.04

0.343

0.121

0.029

15

69.7

22.0

6.98

2.22

0.715

0.239

0.089

0.026

20

48.0

15.2

4.82

1.54

0.499

0.171

0.067

0.024

25

33.5

10.6

3.37

1.08

0.354

0.125

0.053

0.022

30

23.7

7.50

2.39

0.767

0.256

0.094

0.043

0.021

Source: CCME 2001.

1009

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
OPG acknowledges that the CEQG for un-ionized ammonia is 19 μg/L. All of the sample results presented in
Appendix E (GOLDER 2011) are below the 19 μg/L criterion. In most cases, sample results are below the reported
method detection limits, which ranged from 0.3 to 2.0 μg/L. The maximum concentration of un-ionized ammonia was
calculated to be 13 μg/L in a sample collected at SW2 (Stream C exiting the Bruce nuclear site).
OPG acknowledges that there is a CEQG of 13 mg/L for nitrate in freshwater environments. Nitrate was not analyzed in
the samples collected; therefore, a comparison with the criterion is not possible. In Appendix D (GOLDER 2011), the
narrative CEQG nitrate guideline was provided. At the time the Hydrology and Surface Water Quality TSD (GOLDER
2011) was prepared, the CEQG value of 13 mg/L for protection against direct toxic effects was listed as an interim
guideline.
OPG acknowledges that there are CCME criteria for thermal additions. However, there are no anticipated thermal
additions associated with discharges from the DGR Project. The only discharge from the DGR Project will be effluent
from the SWMP. During the construction phase, the water in the SWMP will include surface runoff and water pumped
from the underground construction areas (i.e., groundwater infiltration and process water from drill and blast). During
operations, water from the SWMP will include surface runoff and water pumped from the underground repository (i.e.,
groundwater infiltration). A temperature differential between the water discharged from the SWMP and MacPherson Bay
is not expected because the water in the SWMP will be subject to the same environmental influences (e.g., ambient air
temperatures) as MacPherson Bay. The temperature of MacPherson Bay was determined to correlate well with the
ambient air temperature (GOLDER 2011, Section 5.5.2.4).
OPG acknowledges that there are two separate CCME CEQG for turbidity. The criterion listed in Appendix D (GOLDER
2011) was for turbidity in situations with “high flow or turbid waters”. There is a second criterion for “clear flow”
situations. Environmental conditions determine which of these criteria applies. Footnote 24 to the table in Appendix D
should read:


Clear flows: Maximum increase of 8 NTUs from background levels for a short-term exposure (e.g., 24-h period).
Maximum average increase of 2 NTUs from background levels for a longer term exposure (e.g., 30-d period).



High flow or turbid waters: Maximum increase of 8 NTUs from background levels at any one time when
background levels are between 8 and 80 NTUs. Should not increase more than 10% of background levels when
background is >80 NTUs.

Appendix E (GOLDER 2011) summarized the results of the sampling program used to characterize existing surface
water quality. The criteria for turbidity define allowable changes from existing (baseline) conditions and cannot be used
to evaluate the existing turbidity levels.
OPG acknowledges that there are currently two CCME CEQGs for mercury: 0.026 μg/L for inorganic mercury and
0.004 μg/L for organic mercury. However, only total mercury was analyzed in the samples collected (GOLDER 2011,
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Appendix E); therefore, comparison of existing mercury levels in surface water to the CCME CEQGs is not possible. The
criterion of 0.0001 mg/L for filtered mercury that was listed in Appendix D is incorrect.
The new CCME CEQGs for uranium is noted. Measured concentrations of total uranium were well below the new CCME
CEQGs (both chronic exposure and acute exposure) in all samples, with a maximum concentration of 1.7 μg/L measured
at SW5 (west end of South Railway Ditch) (GOLDER 2011, Appendix E).
References:
CCME. 2001. Canadian Environmental Quality Guidelines Summary Table – Ammonia (Total). (accessed on
November 19, 2012 from http://st-ts.ccme.ca/?lang=en&factsheet=5).
GOLDER. 2011. Hydrology and Water Quality Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)

EIS-07-295

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide the rationale for the observed elevated concentrations in Appendix F of the Hydrology and Surface Water Quality
TSD of some parameters in sediment samples collected in the Site Study Area. Indicate if sediment samples have been
collected in the Local Study Area and if they have, provide the result of the analysis of those samples.
Context:
Various parameters in Appendix F of the Hydrology and Surface Water Quality TSD were found to be at elevated
concentrations in sediment samples collected in the Site Study Area.
Also, sediment quality criteria are available for only a limited number of parameters. Sediment quality data should be
interpreted in the context of data collected from the Local Study Area.
OPG Response:
The Hydrology and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011) documented the results
of the sediment sampling program undertaken as part of the characterization of the existing environment, conducted for
the Environmental Impact Statement (EIS) (OPG 2011). Sample results were compared with the relevant standards and
guidelines at the time: Canadian Council of Ministers of the Environment (CCME) Canadian Sediment Quality Guidelines
(CSQG) for the protection of aquatic life (CCME 1999); and/or the Ontario Ministry of the Environment (MOE) Soil,
Ground Water and Sediment Standards (SGWS), Table 1 for background conditions (MOE 2009). Exceedances of
applicable criteria in sediment samples collected are listed below.


Exceedances of the sediment criteria for copper and zinc were reported in samples at SW3, SW4 and SW5.
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Exceedances of the criteria for arsenic, cadmium and nickel were also reported in the sample at SW3.


Petroleum Hydrocarbons (PHC) concentrations were generally below the detection limits with some exceptions.
In samples at SW1, SW4 and SW5, the reported concentrations of F3 (C16 to C34 hydrocarbons) PHC ranged
from 13 to 41 µg/g, with a maximum measured concentration of 720 μg/g from the sample at SW3. Additionally,
an F4 (C34 to C50 hydrocarbons) PHC concentration of 460 μg/g was reported at SW3 (South Railway Ditch –
west); however there are no CCME CSQG or MOE SGWS for PHC in sediment.

The highest concentrations of metals were recorded at sampling location SW3 (shown on Figure 5.5.2-2 of GOLDER
2011) which is located in the South Railway Ditch adjacent to the Western Waste Management Facility (WWMF).
Concentrations of copper and zinc were observed to exceed the CCME CSQG and/or the MOE SGWS in the samples
collected at SW4 (in the South Railway Ditch downstream of SW3), although concentrations were lower than those
measured in the sample collected at SW3 (GOLDER 2011, Appendix F). PHC concentrations were measurable in the
samples collected from the South Railway Ditch locations and at the SW1 and SW5 locations, which are adjacent to
roadways with frequent traffic.
Sediment sampling was also completed in the WWMF Integrated EA Follow-Up Program, conducted between 2000 and
2005. Exceedances of CCME and MOE sediment criteria relevant at the time of the studies were reported for a number
of metals. In the Phase I sampling program undertaken from spring 2000 – spring 2001, exceedences of criteria were
measured for cadmium, copper, manganese, nickel and zinc in South Railway Ditch sediment samples (Patrick and
Romano 2001, Table 8; Patrick et al. 2001, Table 7). Phase II sampling, conducted from fall 2001 to fall 2002, measured
exceedances of sediment quality criteria for arsenic, cadmium, chromium, copper, iron, lead, manganese, nickel, silver
and zinc in samples collected from the South Railway Ditch (OPG 2005a, Table 7). A statistical analysis determined that
concentrations measured in the samples collected in 2002 were significantly higher than those for samples collected in
2001. Phase III sampling was conducted in 2003 and 2004. Exceedances of sediment quality criteria were observed for
cadmium, chromium, copper, manganese, nickel, and zinc in the samples collected in the South Railway Ditch
(KINECTRICS 2005, Table 11). These exceedances recorded over the course of the WWMF Integrated EA Follow-up
monitoring program are consistent with the data collected in 2009 and reported in Section 5.5.2.7 of the Hydrology and
Surface Water Quality TSD (GOLDER 2011). These data are summarized in Table 1, which shows that no measured
concentrations of metals in South Railway Ditch samples exceeded applicable sediment criteria for the first time in 2009.
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Table 1: Maximum Concentrations Measured in South Railway Ditch Sediment Samples for Metals that Exceed
Relevant Sediment Quality Criteria
Sampling Campaign

Metal

Units

CCME

a

MOE

WWMF Integrated
EA Follow-up
Phase I

b

2000
Arsenic

µg/g

Cadmium
Chromium

c

WWMF Integrated
EA Follow-up
Phase II

May
d
2001

August
e
2001

2002

e

WWMF Integrated
EA Follow-up
Phase III
2003

f

2004

f

DGR
Project
2009

g

5.9

6

3.8

2.88

1.77

9.74

3.29

4.33

7

µg/g

0.6

0.6

1.2

0.452

0.816

4.11

0.877

0.987

7.5

µg/g

37.3

26

17

23.8

10.5

47

36.0

15.7

12

Copper

µg/g

35.7

16

23.4

39.7

34.1

282

78.4

38.5

110

Iron

µg/g

-

20,000

16,562

13,842

6,750

24,400

15,100

14,500

16,000

Lead

µg/g

35

31

12.4

20

20

61.02

19.8

18.7

24

h

h

Manganese

µg/g

-

460

N/A

637

340

2,280

677

568

1,300

Nickel

µg/g

-

16

N/A

19.9

9.17

53.83

19.9

16.5

28

Silver

µg/g

-

0.5

N/A

0.131

0.172

0.532

0.142

0.082

<0.2

Zinc

µg/g

123

120

293

271.3

115

1,680

508

399

2,200

Notes:
a
CCME (Canadian Council for Ministers of the Environment) – Canadian Sediment Quality Guidelines for the Protection of Aquatic
Life; exceedances bolded
b
SGWS (Soil, Ground Water and Sediment Standards) – Table 1: Full Depth Background Site Conditions Standards (for
Sediment); exceedances shaded
c
Based on Table 8 in Patrick and Romano (2001); sampling conducted in May 2000 and August 2000
d
Based on Table 7 in Patrick et al. 2001
e
Based on Table 7 in OPG 2005a; sampling conducted in August 2001, May 2002 and September 2002
f
Based on Table 11 in KINECTRICS 2005; sampling conducted in November 2003 and June 2004
g
Based on Appendix F in GOLDER 2011, sampling conducted in September 2009
h
MOE Guideline for the Protection and Management of Aquatic Sediment Quality in Ontario, 1993

Metals concentrations measured during the WWMF Integrated EA Follow-up monitoring program sampling campaigns
were highly variable as shown in Table 1 and documented in OPG 2005b (Section 4.2.3.2). The maximum sediment
concentrations generally occurred in the samples collected in May 2002 and/or September 2002 at the WWMF
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Integrated EA Follow-up program sampling location W3, which approximates sampling location SW3 used for the 2009
DGR Project sampling program. Many of the sediment metals concentrations measured in 2003 and 2004 sampling
were at levels measured during 2000/2001 and at off-site control sampling locations (Little Sauble River, Goderich). It
was hypothesized that the variability observed in concentrations of various metals in the South Railway Ditch sediments
may be associated with sampling anomalies that introduce cross-contamination with railway bed materials that have
elevated metals concentrations (OPG 2005b, Appendix C).
The concentration of trace elements on stream bed materials is strongly affected by the particle-size distribution of the
sample (USGS 1994). Generally, the concentration of trace elements on stream bed materials increases as particle size
decreases (USGS 1994). Fine grained sediments are generally located in zones of deposition, and are usually
associated with higher levels of contaminants than other particle size fractions (ENVIRONMENT CANADA 1994).
Therefore, variations in the physical characteristics of the sample locations (e.g., bottom topography, water depth, and
whether the sample was collected from a depositional or erosional zone), could affect the distribution of particle size and
account for the variability in metals and PHC concentrations in the South Railway Ditch samples.
The metals for which elevated concentrations were observed in sediment samples collected from the South Railway
Ditch in 2009 are those for which elevated concentrations have been observed in sampling programs undertaken over
the past decade, as explained above. The South Railway Ditch receives drainage from the former Spent Solvent
Treatment Facility (SSTF) as well as potential runoff from the Sewage Processing Plant and the Waste Chemical
Transfer Facility (OPG 2005b, Section 4.2.2.1), and an abandoned oil unloading facility on the opposite side of the
South Railway Ditch . Drainage and runoff from each of these facilities would likely include metals, oil and organics that
are sometimes observed in elevated concentrations in the sediments sampled from the South Railway Ditch (OPG
2005b, Section 4.2.2.1). Approximately 100 to 200 L of spent boiler cleaning solvent from the SSTF leaked to the South
Railway Ditch in February 1998. It was hypothesized that this leak, which took place upstream of the South Railway
Ditch sampling points, may have contributed to the observed metals contamination (KINECTRICS 2005, Section 3.2.3).
Petroleum hydrocarbons and heavy metals (including arsenic, cadmium, copper, nickel and zinc) are common rail way
and rail yard contaminants. The railroad ties may have been preserved with creosote, which is a distillate of coal tar. It
should be noted that the SW3 and W3 locations correspond roughly with the location of the spur line. Heavy lubricants
are used in railway switch plates. It is also possible that additional wear and weathering at the junction could have
resulted in higher erosion of rail bed and railway materials into the ditches at those sample locations.
Samples from two control locations on the Little Sauble River, located in the Local Study Area south of the Bruce nuclear
site, were collected throughout the WWMF Integrated EA Follow-up Program (KINECTRICS 2005; OPG 2005a; Patrick
and Romano 2001). The samples were collected approximately 500 m apart on the lower reaches of the river near the
eastern boundary of Inverhuron Provincial Park. The sampling sites on the Little Sauble River were selected as
“controls” for the WWMF Integrated EA Follow-up Program since they are located in proximity to the Bruce nuclear site,
but are not affected by activities occurring on the site (Wong 2000, Section 4.1). The analyses confirmed that the metal
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concentrations measured in the South Railway Ditch sediment samples are higher than those measured in the Little
Sauble River sediment samples. The results from the control samples collected in November 2003 and June 2004 were
enclosed with OPG’s response to Information Request EIS-03-86 (OPG 2012).
In June 2001, sediment samples were collected from five locations at the head of Baie du Doré , which is located in the
Local Study Area (BRUCE POWER 2002). Analysis of all samples indicated that there are low concentrations of metals
in sediments collected in the nearshore area around the Bruce nuclear site relative to deep basin Lake Huron
background concentrations. The results are also consistent with the levels of copper (16 µg/g), lead (1 µg/g), and zinc
(14 µg/g) measured in sediments collected from MacPherson Bay (SW6 on Figure 5.4.4-2 of the Hydrology and Surface
Water Quality TSD) in 2009 (GOLDER 2011, Appendix F). The results of the sediment quality study conducted in 2001
are shown in Table 2.
Table 2: Mean Concentration of Copper, Lead and Zinc in Sediments Sampled
in Baie du Doré, June 2001 (BRUCE POWER 2002, Table 4.4.2.5-1)
Sampling Location

Metal (µg/g dry weight)
Copper

Lead

Zinc

Baie du Doré #1

8

<5

18

Baie du Doré #2

13

<5

31

Baie du Doré #3

8

<5

15

Baie du Doré #4

7

<5

18

Baie du Doré #5

5

<5

19

42

96

163

Lake Huron Background

1

Note:
1
Data from deep basin of lake (BRUCE POWER 2002)

The 2001 Baie du Doré sediment samples were also analyzed for PCB compounds. The results of the analysis yielded
no detectable levels at a detection limit of 0.05 µg/g, indicating there has been no long-term accumulation of PCB
compounds in sediments (BRUCE POWER 2002, Section 4.4.2.5). These results are consistent with the findings of the
2009 study reported in Section 5.5.2.7 of the Hydrology and Surface Water Quality TSD (GOLDER 2011, Appendix F).
In general, the elevated concentrations of heavy metals and PHCs measured at various sample locations correspond
with areas of the site that are more developed, with a historical industrial use, and are proximal to higher traffic areas
(roadways or railway). It is unlikely that a single point source contributed to these elevated levels, but that they are
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rather the result of a variety of non-point sources over the 50-year history of the site. The elevated parameters
measured in the site study area are not uncommon to sites with a long history of industrial development.
References:
BRUCE POWER. 2002. Bruce A United 3 & 4 Restart Environmental Assessment Study Report. Volume 1: Main
Report.
CCME. 1999. Canadian Environmental Quality Guidelines. Canadian Council of Ministers of the Environment.
ENVIRONMENT CANADA. 1994. Guidance Document on Collection and Preparation of Sediments for
Physicochemical Characterization and Biological Testing. Report EPS 1/RM/29.
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program; Phase III – Operational
Phase October 2003 – May 2005. Kinectrics report K-010669-001-RA-0001-R00.
MOE. 2009. Soil, Ground Water and Sediment Standards for Use Under Part XV.1 of the Environmental Protection Act
Ministry of the Environment.
OPG. 2005a. Western Waste Management Facility Integrated EA Follow-up Program. Phase II Report – During
Construction Phase Re-issue 2005. Ontario Power Generation report 01098-REP-07701.8-10001-R01.
OPG. 2005b. Western Waste Management Facility Refurbishment Waste Storage Project Environmental Assessment
Study Report. Ontario Power Generation report 01098-REP-07701-00002 R01.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Docs# 608 and 615)
Patrick, P.H., H. Kowalyk, and J. Kowalewski. 2001. Western Waste Management Facility – Low and Intermediate
Level Waste EA Follow-up Environmental Monitoring Program, Phase I Report – The Pre-Construction Phase. Report
No. 0125-REP-07701.8-00001 R00.
Patrick, P.H. and C. Romano. 2001. Bruce Used Fuel Dry Storage Project Environmental Monitoring Program Phase I

1016

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Report – Pre-Construction Phase. Report No. 01098-REP-07701.8-10000-R00.
USGS. 1994. Guidelines for Collecting and Processing Samples of Stream Bed Sediment for Analysis of Trace
Elements and Organic Contaminants for the National Water Quality Assessment Program. U.S. GEOLOGICAL
SURVEY, Open-File Report 94-458.
Wong, T.S. 2000. Bruce Used Fuel Dry Storage Project, Environmental Assessment Follow-up Program –
Environmental Monitoring Program Manual. Ontario Power Generation File 01098-WF2-07701.8.R01, CD #0198-MAN07701.8-10000 R00.

EIS-07-296

 Section 6.1,
Aboriginal
Peoples

Information Request:
Provide details on engagement activities conducted by OPG/NWMO with Aboriginal groups since the EIS was completed
in March 2011.
Include information on concerns or issues raised by Aboriginal groups in relation to the project and how OPG has
addressed or plans to address these concerns or issues.
Context:
The EIS Guidelines require the proponent to describe in the EIS how concerns respecting Aboriginal people will be
addressed. The description should include a summary of discussions, the issues or concerns raised, and should
consider and describe any asserted or established Aboriginal rights, Aboriginal title and treaty rights.
OPG Response:
Saugeen Ojibway Nation (SON)
Representatives of SON and OPG continue to meet regarding OPG’s operations within SON Traditional Territory,
including concerns respecting OPG’s proposed Deep Geologic Repository Project. OPG and SON have met
approximately ten times since the Environmental Impact Statement (EIS) submission including meetings of the OPGSON DGR Joint Liaison Committee. SON seeks to protect the safety of their communities, the integrity of their
Traditional Territory, and their Rights and interests within that Territory. OPG and SON continue to implement their DGR
Protocol Agreement which provides capacity for, among other things, SON community engagement and
communications, technical review of the DGR EIS and related materials, technical studies, and identification of affected
rights and interests.
In that respect, SON and OPG have met to discuss issues included in the EIS for the proposed DGR project and SON
has met in caucus in preparation for meetings with OPG, and the federal regulator, to undertake technical research and
capacity building initiatives relating to nuclear waste, and for participation in the JRP regulatory review. SON leadership
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provides oversight and direction and leads community information sessions on matters related to SONIOPG relations.
SON representatives have attended JRP orientation and technical information sessions. Additional technical documents
not included in the DGR EIS were provided for review by the NWMO/OPG. SON continues to build community and
leadership understanding of the proposed Project, to prepare for SON participation in the JRP process, and to prepare
for continued engagement with OPG on the Project.
Historic Saugeen Métis (HSM)
Engagement activities with the HSM have been carried out in accordance with a Participation Agreement signed by
HSM, OPG and NWMO in 2010. HSM engagement activities have focused on community consultation, technical expert
peer review, and the collection of traditional knowledge. Since the filing of the EIS submission, there have been five
meetings of a tri-partite Working Group to further the HSM engagement in the above areas. Additionally, DGR project
staff has attended the Annual HSM Rendezvous in both 2011 and 2012, including an exhibit at the 2012 event to
disseminate information and to address community questions about the project.
To date, OPG has received no input from HSM that would lead to changes to design, construction and operating plans
resulting from the engagement. HSM have expressed an ongoing interest in long-term environmental monitoring
programs that are currently the subject of discussion.
Métis Nation of Ontario (MNO)
Engagement activities with the MNO have been carried out in accordance with a Participation Agreement signed by
MNO (including the Georgian Bay, Moon River, and Great Lakes Métis Councils), OPG and NWMO in May 2011. MNO
engagement activities have focused on community consultation, technical expert peer review, and the collection of
traditional knowledge. Since the filing of the EIS submission, there have been five meetings of a tri-partite Liaison
Committee to further the MNO engagement in the above areas. Additionally, there have been two tours arranged for
MNO community members of the waste management facilities at the Bruce nuclear site, and an article to be published
about the project in the Voyageur newsletter. DGR Project staff has attended the MNO’s Annual Regional Fish Fry in
July 2012 to discuss the project with community members.
To date, OPG has received no input from MNO that would lead to changes to design, construction and operating plans
resulting from the engagement. MNO collection of traditional knowledge and peer review activities are expected to be
completed early 2013.
United Chiefs and Councils of Mnidoo Mnising (UCCMM)
NWMO/OPG presented an overview of the DGR Project to UCCMM staff and elders on May 30, 2012. Following the
meeting, OPG offered, in correspondence, to arrange further meetings or a tour of the Western Waste Management
Facility and the DGR site on request from UCCMM.
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Wikwemikong Unceded Indian Reserve
NWMO/OPG presented an overview of the DGR Project to Wikwemikong staff and elders on May 31, 2012. Following
the meeting, OPG offered, in correspondence, to arrange further meetings or a tour of the Western Waste Management
Facility and the DGR site on request from Wikwemikong.
OPG’s response to Information Request EIS-05-203 (OPG 2012) provides information on concerns raised by First
Nations and Métis communities and how they have been incorporated in the assessment.
Reference:
OPG. 2012. OPG letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)

EIS-07-297

 Section 4.2,
Factors to be
considered in the
EIS

Information Request:
Describe the methods/practices that OPG/NWMO has used to attempt to collect Aboriginal Traditional Knowledge in
order to ensure it was considered in the EIS.
Context:
Given that ‘traditional use of lands and resources’ is identified as a Valued Ecosystem Component (VEC), it is important
to understand how the proponent attempted to collect Traditional Knowledge and Traditional Use information from
Aboriginal peoples.
OPG Response:
Aboriginal Traditional Knowledge was considered in the preparation of the Environmental Impact Statement (EIS)
(OPG 2011) where such information was available. This information was gathered through the examination of available
information pertaining to general ecological, socio-economic and cultural heritage interests for Ojibway and Métis
peoples in Ontario (AECOM 2011, Section 4.1). This included the following:




Interests raised by Aboriginal communities with regards to previous studies;
Interests raised by Aboriginal communities in the context of dialogue on the DGR Project; and
Insights into traditional knowledge and interests of general importance to local Aboriginal communities.

In addition to the available literature containing information on Aboriginal Traditional Knowledge, engagement activities
were undertaken to provide an opportunity for Aboriginal input to the Environmental Assessment (EA). Some key
information that is reported in the Aboriginal Interests Technical Support Document (AECOM 2011, Section 4.2.1) relates
to the traditional Ojibway spiritual worldview which constitutes the foundation of the SON knowledge system, and the
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unique history, culture and language and “Way of Life” of Métis peoples.
OPG’s response to Information Request (IR) EIS-03-47 (OPG 2012a) describes activities undertaken by OPG to obtain
Aboriginal input for use in identifying and finalizing the list of Valued Ecosystem Components (VEC) for the DGR Project.
Input on VECs was used to optimize the list to include VECs and indicators which are identified by the Aboriginal groups
to be of interest and importance to their communities.
OPG’s response to IR-EIS-03-48 (OPG 2012a) describes the method OPG undertook to obtain Aboriginal Traditional
Knowledge for use in identifying VECs for Aboriginal interests.
OPG’s response to IR-EIS-05-203 (OPG 2012b) describes how OPG used the results of a peer review, conducted by an
independent consultant on behalf of the Saugeen Ojibway Nation (SON), of the Independent Assessment Study
(GOLDER 2004) in the EA for the proposed DGR Project. The peer review (ECOMETRIX 2005) identified areas of
interest to the SON in relation to the DGR Project and included recommendations for topics to be considered in the EA.
OPG’s response to IR EIS-05-204 (OPG 2012c) describes the process used to engage Métis communities and obtain
Traditional Knowledge.
A list of engagement activities with Aboriginal communities is provided in the EIS (OPG 2011, Table 2.3.4-1).
Engagement activities included meetings, site tours/visits, correspondence, participation in community events, and
distribution of DGR Project information.
References:
AECOM. 2011. Aboriginal Interests Technical Support Document. AECOM Canada Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-09 R000. Toronto, Canada. (CEAA Registry Doc# 299)
ECOMETRIX. 2005. Peer Review of Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Prepared for Chippewas of Saugeen and
Nawash.
GOLDER. 2004. Final Report on Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report for the
Steering Committee Municipality of Kincardine and Ontario Power Generation. Mississauga, Canada.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation Report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
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July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-07-298

 Section 10,
Aquatic
Environment

Information Request:
Provide the following additional information:


information regarding groundwater recharge to Stream C, including a quantitative assessment of potential
impacts from the excavation, construction and operation of the underground facility to the groundwater recharge
to stream C;



the hydrological properties of Stream C, including the baseline flow rate, depth profile, and seasonal fluctuation
data, and a quantitative assessment of the potential impact of the project to the hydrological properties; and



the baseline surface water, water column, and substrate temperature of Stream C and an assessment of
potential project impact to water temperature due to the change of groundwater recharge to Stream C and Baie
du Doré.

Context:
The information is required to meet the EIS Guidelines – Section 10 Existing Environment:
The EIS must describe surface water quality, hydrology and sediment quality at the site, local and regional study areas.
The proponent must describe hydrological regimes, including seasonal fluctuations and year-to-year variability of all
surface waters and assess normal flow, flooding, and drought properties of water bodies as well as the interactions
between surface water and groundwater flow systems.
As indicated in the Aquatic Environment TSD, Stream C is a DFO-designated coldwater fish habitat including
temperature sensitive fish species such as brook trout, rainbow trout, brown trout and Chinook salmon and other forage
fish species. More importantly, Stream C is a spawning habitat for the native brook trout. Water temperature in surface
water and stream substrates is a key factor in determining brook trout habitat. They need a year-round supply of cold,
clear water. The Canadian Nuclear Safety Commission (CNSC) suggested that the change of groundwater recharge to
Stream C may change the water temperature enough to lead to changed fish habitat use and changed populations of
brook trout and other salmonines in stream C. The CNSC noted that this potential adverse effect could be worsened in
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the longer term by anticipated increased ambient air and stream water temperature warming due to climate change.
As a receiving body for groundwater, the relative importance of groundwater as “baseflow” into Stream C should be
provided as this may inform what additional measures are required to protect the ecological function and quality of
Stream C. This information is critical because the evacuation and construction of the underground facility could directly
or indirectly affect stream flow and temperature by changing the groundwater level and discharge rate to the stream. No
information has been provided regarding the relative importance of groundwater in maintaining the ecological function of
Stream C and the area where it empties into the Baie du Doré Provincially Significant Wetland. As such, there is no way
to evaluate the risks to ecological function that the DGR Project may pose to the groundwater recharge.
OPG Response:
The northern portion of the DGR Project Area is underlain by between 0.7 to 1.5 m of surficial sand and gravel to clayey
silt (fill materials) overlying at least 10 m of hard low-permeability glacial till. The hydraulic conductivity of the glacial till is
three orders of magnitude less than the hydraulic conductivity of the underlying shallow bedrock Lucas Formation.
Further information on the near surface hydrostratigraphy of the Project Area is provided in OPG’s response to
Information Request (IR) EIS-03-57 (OPG 2012).
The native glacial till soil has a very low potential for infiltration. This was conservatively estimated at 5 to 10 cm/yr of
surficial infiltration into the till (GOLDER 2011a). Subsequent modelling of the infiltration into the till has been prepared
by Sykes (2012), using hydraulic conductivities in the till layer in the range of 10-10 to 10-9 m/s (K-horizontal, or Kh), with
K-vertical (Kv) assigned as one-half of the Kh. These estimates were used for modelling the recharge of the Lucas
Formation limestone due to leakage through the till. The estimates ranged from 3.3 mm/yr (undisturbed till) to
0.36 mm/yr (waste rock management area – reference case scenario). Recharge to the Lucas Formation from the till is
a negligible component (approximately 0.03%) of the average annual precipitation (Sykes 2012).
During construction, it will be necessary in certain periods to dewater in order to advance the shafts. Given the shaft
locations are more than 400 m from Stream C, it is unlikely that dewatering within the bedrock and the resulting zone of
influence (ZOI) will have any effect. The Environmental Impact Statement (OPG 2011, Section 7.2.2) and OPG’s
response to IR-EIS-03-55 (OPG 2012) describe the estimated ZOI for pumping during construction of the shafts. The
estimated ZOI determined during the dewatering design was far less than the distance from the shafts to Stream C. The
follow-up monitoring program will include monitoring to ensure that the drawdown during construction, and the resulting
ZOI, will have no effect on surface water courses or wetland features.
During operations of the DGR, the estimated inflow of groundwater from the overburden into the shafts is expected to be
very low, in the range of 1.3 to 1.6 L/day. The ZOI of groundwater inflow into the shafts from the overburden during
operations will be much less than the radius during construction of the shafts. Therefore, there will be no influence on
surface water courses or wetland features.
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The DGR Project has been designed such that there are no discharges to Stream C or its tributaries. The only direct
interaction of the project with water quantity in Stream C is a reduction in the drainage area due to the proposed
diversion of flow from the North Railway Ditch. This reduction in drainage area is predicted to reduce the average annual
flow in Stream C by 0.8% (GOLDER 2011b, Section 7.2.1.1). A change of 0.8% reduction in flow is not expected to
result in an adverse effect on surface water quality or surface water quantity and flow.
Since adverse effects to surface water quality and surface water quantity and flow are not expected in Stream C as a
result of a reduction of the drainage area, no effects in Baie du Doré, which has an overall drainage area bigger than
Stream C, are expected.
Because the groundwater infiltrating into the overburden soils within the Project Area does not contribute to baseflows in
Stream C, and drawdowns of the groundwater table during construction and operations do not extend to Stream C or
surface wetlands, there would be no effect on the temperature regime due to changes in groundwater. As there will be
no surface water discharges from the project to Stream C, and only a slight decrease (0.8%) in runoff, changes in
surface water should have no measurable effect in temperature. Further, it is predicted that the diverted flow from the
North Railway Ditch (0.8%) would have to be more than 12°C cooler than the remaining flow (99.2%) in Stream C to
cause a temperature increase of just 0.1°C in Stream C. The temperature data collected during the surface water quality
baseline sampling program (Appendix E of the Hydrology and Surface Water Quality TSD [GOLDER 2011b]) shows no
such difference exists.
Given that groundwater beneath the DGR Project Area does not contribute baseflow to Stream C, and the change in the
surface water flow to Stream C is not expected to cause an increase in stream temperatures, there are no anticipated
changes to the thermal regime of Stream C as a result of the DGR Project. Therefore, the DGR Project will have no
effect on brook trout or any other cold water species that inhabit Stream C. The DGR Project will not have an effect on
the ecological functions of Stream C or Baie du Doré. In addition, no changes to the conclusions as a result of climate
change (Section 10 of the Hydrology and Surface Water Quality TSD [GOLDER 2011b]) are therefore anticipated.
References:
GOLDER. 2011a. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
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OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
Sykes, J.F. 2012. OPG DGR Project: Analysis of Shallow Groundwater Impacts. Nuclear Waste Management
Organization Technical Memorandum DGR-TM-03400 (P) R0. Toronto, Canada. (CEAA Registry Doc# 682)

EIS-07-299

 Section 10,
Aquatic
Environment
 Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance of
Residual Effects

Information Request:
Provide additional information describing:


the baseline information of water quantity and flow rates South and North Railway Ditches, and the drainage
ditch (under Interconnecting Road);



the baseline information of the quantity and quality of effluents that discharge to South/ North Railway Ditches,
Stream C, and MacPherson Bay, discharge criteria and loadings of contaminants, from any projects and/or
activities within the study area; and



the quantitative assessment of effluent and stormwater discharge to the surface drainage in study area on
surface water quantity and quality, sediment quality of Stream C, South and North Railway Ditch, Baie du Doré
and MacPherson Bay from the site preparation, construction and operation of the DGR project.

Context:
This information is required to meet the EIS Guidelines - Section 10 Existing Environments:
The EIS must describe surface water quality, hydrology and sediment quality at the site, local and regional study areas.
The proponent must describe hydrological regimes, including seasonal fluctuations and year-to-year variability of all
surface waters and assess normal flow, flooding, and drought properties of water bodies as well as the interactions
between surface water and groundwater flow systems.
Furthermore, the baseline description must include characterization of environmental conditions resulting from historical
and present activities in the local and regional study area. Only limited baseline information was provided on water
quality parameters from the 2007 and 2009 surface water sampling results in the Hydrology and Surface Water Quality
TSD.
This information is needed to support the EIS prediction statements and as a baseline against which to verify these
predictions statements with the EIS follow-up monitoring program.
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OPG Response:
The DGR Project does not discharge to the North or South Railway Ditches or to Stream C. As a result, field studies for
the DGR Project did not collect flow measurement data for these streams. However, calculated flow rates for the South
and North Railway Ditches and the drainage ditch under Interconnecting Road, the latter which will receive flow from the
DGR stormwater management pond, are presented in Table 5.4.3-2 of the Hydrology and Surface Water Quality
Technical Support Document (TSD) (GOLDER 2011). Currently the North Railway Ditch and the drainage ditch under
Interconnecting Road are frequently dry, with flow during and following rain events.
The EA Follow-up Monitoring Program (NWMO 2011, Table 2) includes collection of flow data for the North Railway
Ditch and the drainage ditch near the stormwater management pond outlet as part of baseline monitoring. The data will
be measured on a quarterly basis and after each of two storm events, and can be used to calculate an annual discharge
volume. Flow rates will also be monitored during the site preparation and construction and operations phases to confirm
the effects predicted in the assessment (NWMO 2011, Tables 3a and 3b).
Surface runoff from the Bruce nuclear site drains through on-site ditches and ultimately to Lake Huron. Currently there
are no direct effluent discharges from the Bruce nuclear site projects and/or activities into Stream C, MacPherson Bay,
Baie du Doré, or the North Railway Ditch. The majority of effluents associated with the operation of the Bruce A and B
generating stations are directed to the respective condenser cooling water intakes or discharge channels (e.g., see
Figure 5.3.5.2-1 of BRUCE POWER 2005). Domestic sewage from the generating stations is treated at the on-site
sewage processing plant that discharges clean effluent to Lake Huron via the Douglas Point outfall (BRUCE POWER
2008, Section 4.4.1.2). Surface run-off is collected in the drainage system described in the Hydrology and Surface
Water Quality TSD (GOLDER 2011, Section 5.4.3).
Surface and sub-surface drainage from the Western Waste Management Facility (WWMF) and Spent Solvent Treatment
Facility (SSTF) discharge into the South Railway Ditch. Neither the WWMF nor the SSTF discharges process water, and
all effluent from these facilities originates as precipitation. The discharge locations, from west to east, are listed below,
and illustrated on the enclosed figure, Western Waste Management Facility General Arrangement 0125-WS-0-79100FS4:
1.
2.
3.
4.
5.

SSTF surface drainage collected in the tank farm dyked area
Low Level Storage Buildings (LLSBs) sub-surface drainage
LLSBs surface drainage
Yard surface drainage (downstream of filter bed)
Western Used Fuel Dry Storage Facility (WUFDSF) and East Storage Area surface drainage (via grassed swale)

Discharge from the SSTF must meet criteria described in the Operating Procedure for the facility (OPG 2010a). Note
that the SSTF is currently in a non-operational state. Section 3.7 of the Operating Procedure (OPG 2010a) specifies the
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following criteria.








pH: 6.5 to 9.5
COD: <20 ppm; in the event COD measures between 20 and <300 ppm, disposal options are considered
NH3: <300 ppm
Copper (Cu): <3 ppm
Iron (Fe): <15 ppm
Nickel (Ni): <3 ppm
Zinc (Zn): <3 ppm

In the event that the effluent did not meet one or more of these criteria, it would not be discharged to the South Railway
Ditch; however, effluent quality has always been in compliance.
Total suspended solids (TSS) are monitored at the outlet of the grassed swale associated with the WUFDSF and East
Storage Area as required by OPG’s Ontario Ministry of Environment Certificate of Approval (C of A); however, the C of A
does not specify a discharge criterion for TSS (MOE 2007). No other discharge criteria are specified in the C of A.
Monitoring commenced in 2007, and the results are summarized in Table 1.
Table 1: Summary of Grassed Swale Effluent Total Suspended Solids Results for 2007 and 2011
Sample Collection
Year
2007a
2008

Total Suspended Solids
(ppm)

October

2

December

5

b

Sampled quarterly

4.27 to 20.8

c

Sampled quarterly

2.14 to 271

Q1

104

Q1

177

Q2

<2

Q3

17.8

Q4

<2

Q1

138.00

Q2

3.06

2009

2010

Quarter

d

2011e
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Q3

28.70

Q4

3.29

Notes:
a

OPG 2008, Section 4.0

b

OPG 2009, Section 4.0

c

OPG 2010b, Section 4.0

d

OPG 2011, Section 4.0

e

OPG 2012a, Section 4.0

The LLSBs surface and subsurface drainage, yard surface drainage, and the WUFDSF and East Storage Area surface
drainage are monitored for tritium and gross beta. The effluents are sampled at a series of sampling stations, shown on
the enclosed figure, prior to discharge into the South Railway Ditch. The discharge is monitored by taking flow
proportional grab samples that are composited on a weekly basis. The annual activity for 2002 through 2011 is
summarized in Table 2, along with the quantity of effluent released to the South Railway Ditch on an annual basis.
Table 2: WWMF Flow and Tritium and Gross Beta Loadings to South Railway Ditch 2002 to 2011
(Source: OPG Quarterly Technical Reports, W-REP-00531.1-00018 through -00062 [OPG 2002 to 2011])

Year

Total Tritium in
Waterborne Effluent
(Bq)

Total Gross Beta in
Waterborne Effluent
(Bq)

Total Flow3 of
Waterborne Effluent
(L)

2002

5.20E+10

1.99E+07

3.35E+07

1

3.68E+10

9.27E+06

5.81E+07

2004

2.05E+10

6.19E+06

4.20E+07

2005

3.26E+10

8.26E+06

5.76E+07

2006

4.38E+10

1.35E+07

8.00E+07

2

8.08E+10

3.13E+07

1.09E+08

2008

8.74E+10

5.16E+07

1.47E+08

2009

8.82E+10

1.23E+08

1.10E+08

2010

1.57E+11

5.06E+07

1.11E+08

2011

1.54E+11

9.40E+07

1.34E+08

2003

2007

1027

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Notes:
1. In 2003 the WUFDSF was built, adding area to the site.
2. In 2007, the East Storage Area was developed, adding additional area to the site.
3. The WWMF is not a consumer of water. Water effluent from the site originates from nature (rainfall & snow).

As noted, the DGR Project will not discharge any effluent or runoff to the North or South Railway Ditches, to Stream C, or
ultimately to Baie du Doré. Surface water quality and sediment quality will not be affected in these water bodies by the
DGR Project. As described in the Hydrology and Surface Water Quality TSD (GOLDER 2011, Section 8.2.3) a decrease
in flow to the North Railway Ditch is anticipated but it will not result in a significant adverse effect.
As described in OPG’s response to Information Request EIS-04-130 (OPG 2012b), underground water and surface
runoff will be routed to the stormwater management pond, and subsequently to the drainage ditch for discharge to
MacPherson Bay. Discharges from the stormwater management pond will meet all applicable discharge criteria. These
criteria will be developed in conjunction with the Ministry of the Environment (MOE) as part of the Ontario Environmental
Compliance Approval (ECA) and other regulatory processes (e.g., Canadian Nuclear Safety Commission licensing), and
will be protective of the environment. The limits will be established taking into consideration the Provincial Water Quality
Objectives, the acute toxicity thresholds for sensitive species that are present in the receiving environment, and the
existing water quality in the receiving water at MacPherson Bay. Provided the discharge from the stormwater
management pond meets the ECA discharge criteria, no residual adverse effects are anticipated during site preparation
and construction, and operations of the DGR Project. The stormwater management system will be decommissioned at
the end of operations, and will not be operational during the postclosure phase.
References:
BRUCE POWER. 2005. Bruce A Refurbishment for Life Extension and Continued Operations Project Environmental
Assessment Study Report. Volume 1: Main Report.
BRUCE POWER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment. EIS Studies: SocioEconomic Conditions Technical Support Document.
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
MOE. 2007. Ontario Ministry of Environment. Amended Certification of Approval, Industrial Sewage Works Number
9205-7FRJ4Q, January 10, 2007.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc #299)
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OPG. 2002 to 2011. Nuclear Waste Management Division, Western Waste Management Facility and Radioactive
Waste Operations Site 1, Quarterly Technical Report, Quarter, Year. W-REP-00531.1-00018 to W-REP-00531.1-00062.
OPG. 2008. Stormwater Management Western Waste Management Facility (WWMF) 2007 Annual Report (95596VSQRM). Ontario Power Generation report W-REP-71740-00006-R000.
OPG. 2009. Stormwater Management Western Waste Management Facility (WWMF) 2008 Annual Report 92057FRJ4Q. Ontario Power Generation report W-REP-71740-00007-R000.
OPG. 2010a. Nuclear Waste Management Division Operating Procedure: Spent Solvent Transfer and Holding Facility,
06116-OP-79550-00001-R011.
OPG. 2010b. Stormwater Management Western Waste Management Facility (WWMF) 2009 Annual Report 92057FRJ4Q. Ontario Power Generation report W-REP-71740-00008-R000.
OPG. 2011. Stormwater Management Western Waste Management Facility 2010 Annual Report #9205-7FRJ4Q.
Ontario Power Generation report W-REP-71740-00009-R000.
OPG. 2012a. Stormwater Management Western Waste Management Facility 2011 Annual Report #9205-7FRJ4Q.
Ontario Power Generation Report W-REP-71740-00010-R000.
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Final Sub-set of Package #4 Information Requests, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS-07-300

 Section 10,
Aquatic
Environment
 Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance of
Residual Effects

Information Request:
Provide the following additional information:


baseline information of benthic invertebrates and aquatic macrophytes, including but not limited to density and
diversity benthic invertebrates and aquatic macrophytes in Stream C, South/North Railway Ditches, Baie du
Doré, and MacPherson Bay from available studies and investigations; and



an assessment of potential impacts from the site preparation, construction and operation of the DGR project to
benthic invertebrates and aquatic macrophytes.

Context:
This information is required to meet the EIS Guidelines - Section 10 Existing Environments:
The EIS must provide a baseline description of the environment, including the components of the existing environment
and environmental processes, their interrelations and interactions as well as the variability in these components,
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processes and interactions over time scales appropriate to this EIS.
Benthic invertebrates and aquatic macrophytes are identified VECs for the aquatic environment, and are valuable food
sources for other VECs such as fish and terrestrial species. The EIS guidelines direct the proponent provide a
description of the aquatic and wetland species at the site and within the local and regional study areas including a
description of the flora, fauna and their habitat. The information is important to evaluate the potential impact of the DGR
Project on the critical fish habitat.
OPG Response:
A description of the fish, benthic invertebrates and aquatic macrophytes and their habitat on the DGR site is discussed in
Sections 5.3.1 (South Railway Ditch) and 5.3.4 (wetlands) of the Aquatic Environment Technical Support Document
(TSD) (GOLDER 2011). A description of the fish, benthic invertebrates and aquatic macrophytes and their habitat in the
Site Study Area is provided in Sections 5.3.2. (Stream C) and 5.3.3 (MacPherson Bay and Baie du Doré). The North
Railway Ditch does not contain water for extended periods of time to support aquatic flora or fauna; therefore, it is not
considered to be an aquatic habitat as documented during the field investigations for the DGR Project and reported in
the Aquatic Environment TSD (GOLDER 2011). Therefore, the North Railway Ditch was not sampled for benthic
invertebrates and aquatic macrophytes as part of the baseline sampling program for the DGR Project.
Additional information on benthic invertebrates has been provided in OPG’s responses to Information Requests (IR) EIS05-197 and EIS-05-198 (OPG 2012), as identified in the response to IR-EIS-07-291.
An assessment of potential effects of the DGR Project during site preparation, construction and operations on the
benthic invertebrates and aquatic macrophytes is provided in the Aquatic Environment TSD (GOLDER 2011, Sections
6.2.1 and 8.2). The DGR Project will not discharge to the North or South Railway Ditches, Stream C or Baie du Doré;
therefore, will not have any direct effects on the benthic invertebrates in these areas.
Potential indirect effects of the DGR Project on the aquatic valued ecosystem components (VECs) variable leaf
pondweed and benthic invertebrates through changes in surface water quality, surface water quantity and flow were
identified and assessed in Section 7.2.2 (South Railway Ditch), Section 7.3.2 (Stream C), and Section 7.4.1 (Lake Huron,
MacPherson Bay and Baie du Doré) of the Aquatic Environment TSD (GOLDER 2011). No measureable changes to
these VECs were identified and thus no adverse effects are expected.
Section 6.2.1 of the Aquatic Environment TSD (GOLDER 2011) demonstrates that the DGR Project activities
(e.g., clearing and grubbing of vegetation in the Project Area and construction of the surface buildings and infrastructure)
are not expected to have direct interactions with the aquatic environment VECs in Lake Huron, MacPherson Bay, Baie
du Doré and Stream C as these habitats are located at least 500 m from all disturbances associated with the DGR
Project. It was concluded that, because no potential direct interactions with the aquatic VECs in these habitats are
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possible, these pathways were not considered further in the assessment of direct effects.
References:
GOLDER. 2011. Aquatic Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-07-301

 Section 16,
Follow-Up
Program

Information Request:
Provide the following additional information:


further reasoning for the lack of the monitoring of water quantity and quality such as the flow rate, contaminant
level in surface water and sediment, and temperature of surface water and substrate in Stream C, North and
South Railway Ditch; surface water and sediment quality in Baie du Doré and MacPherson Bay; and



further reasoning for the lack of the monitoring of brook trout in Stream C.

Context:
This information is required to meet the EIS Guidelines - Section 16 Follow-up Program:
A follow-up program must be designed to verify the accuracy of the environmental assessment and to determine the
effectiveness of the measures implemented to mitigate the adverse environmental effects of the project.
As the Hydrology and Surface Water Quality TSD stated, maintaining natural flows and water quality in local stream is
critical to various life stages of sensitive species, such as the VEC species brook trout in Stream C. Groundwater
recharge to Stream C is very important in maintaining the ecological function of Stream C as important brook trout
spawning, feeding, nursery, and rearing habitat.
The potential DGR project impacts, including groundwater recharge, water quantity and water quality, should be verified
by monitoring the flow rate, temperature and water quality in stream C, North/South Railway Ditch, surface water and
sediment quality in Baie du Doré and MacPherson Bay.
OPG Response:
The DGR site and the surface water management system were designed to avoid discharges to Stream C, and
ultimately Baie du Dore, in part, because maintaining natural flows and water quality in Stream C is critical to various life
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stages of sensitive species, such as the VEC species brook trout in Stream C.
As described in Technical Information Session #1 (OPG 2012a), all underground water and all surface runoff from the
DGR Project site will be routed to the stormwater management pond (SWMP) via the perimeter ditch system thus
preventing a contaminant pathway to Stream C, Baie du Dore, the North Railway Ditch and the South Railway Ditch via
surface runoff. SWMP discharge is conveyed through approximately 1 km of vegetated drainage ditch leading to the
outlet at MacPherson Bay. The discharge from the SWMP is expected to meet the criteria that will be set as part of the
permitting process and to prevent adverse effects to the surface water quality of MacPherson Bay. This prediction will
be verified by the surface water quality sampling program (including temperature) described in the DGR EA Follow-up
Monitoring Program (NWMO 2011, Tables 3a and 6). Since the SWMP is the only pathway for effects on surface water
from the DGR Project to MacPherson Bay, this program will meet the requirement to verify the accuracy of the
environmental assessment and to determine the effectiveness of the mitigation measures, as outlined in the EIS
Guidelines. OPG’s response to Information Request (IR) EIS-05-172 (OPG 2012b) provides additional rationale on the
design of the surface water management system monitoring program.
The deposition of sediments in natural water bodies occurs at a slow rate (e.g., typically less than a few millimetres per
year). A sample that includes the top few centimetres of sediment can be representative of the environmental conditions
of the last decade or more. Therefore, detecting changes in sediment quality trends that would be attributable to the
DGR project is not deemed to be an effective means of confirming predictions made in the EIS in a timely manner.
As stated in the Geology Technical Support Document (TSD) (GOLDER 2011a, Section 5.6.1.1), the direction of shallow
groundwater flow beneath the DGR site is to the north and west, away from Stream C. An assessment of the impact of
the DGR main and vent shaft construction on the shallow groundwater system beneath the Bruce nuclear site is provided
in Sykes (2012) which was provided as an attachment to OPG’s response to IR EIS-01-01 (OPG 2012c). As discussed
in OPG’s response to IR EIS-01-01 (OPG 2012c), the temporary drawdown created by shaft construction is not expected
to influence areal recharge or surface water recharge. Once the hydrostatic shaft liners are installed and sealed
(nominal depth 230 m below ground surface), the shafts will be hydraulically isolated and no longer influence the
groundwater system. Verification of assessment results will be achieved through proposed routine groundwater and shaft
discharge monitoring programs, as discussed in the DGR EA Follow-up Monitoring Program (NWMO 2011, Section 3).
The shallow groundwater monitoring program in particular, described in the EA Follow-up Monitoring Program (NWMO
2011, Table 3a, with additional detail provided in OPG’s response to IR EIS-05-173 (OPG 2012b)), will be capable of
identifying any changes to the local water table and shallow hydraulic gradients that may have an impact on base flow
and recharge in the site study area. It is by these means that the accuracy of the predictions and effectiveness of the
mitigation measures presented in the EIS will be verified.
There will be no surface water discharges from the DGR site to the North Railway Ditch, therefore water quality
monitoring is not required. A change in flow to the North Railway Ditch, estimated to be a decrease of 31% (GOLDER
2011b, Section 8.2.3), was assessed as not significant in part because of the low magnitude. This change in flow will be

1032

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
verified through the flow monitoring described in the EA Follow-up Monitoring Program (NWMO 2011, Table 3a).
This predicted decrease in flow in the North Railway Ditch corresponds to a decrease in flow to Stream C of 0.8%
(GOLDER 2011b, Section 8.2.3). Given the very low magnitude (i.e., it is not measurable) of this decrease and because
flow monitoring in the North Railway Ditch will capture this change, no additional monitoring is proposed at Stream C.
Since there will be no surface water discharges to the South Railway Ditch from the DGR project, nor will there be any
changes to the current surface water drainage to the South Railway Ditch, no effects are predicted. Therefore, flow
monitoring and water quality and sediment sampling are not proposed in the South Railway Ditch.
Provided the above stated predictions are verified through their respective monitoring programs, there are no anticipated
pathways for effects to Stream C; therefore there is no rationale to monitor brook trout in Stream C.
The annual assessment of the effectiveness of the EA Follow-up Monitoring Program (NWMO 2011, Section 16) will
provide an opportunity to revise the program should any problems or gaps be identified.
References:
GOLDER. 2011a. Geology Technical Support Document. Golder Associates Ltd. report to Nuclear Waste Management
Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc #363)
Sykes, J.F. 2012. Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the Construction of
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the DGR Shafts. NWMO Technical Memorandum DGR-TM-03400. Toronto, Canada. (CEAA Registry Doc #365)

EIS-07-302

 Section 16,
Follow-Up
Program
 Class1 Nuclear
Facilities
Regulation, 5(i)

Information Request:
Explain if deformation/displacement measurement/monitoring have been considered for the large underground shaft
station and surface area openings.
Context:
There are large underground openings at the shaft station and service area. Measurement/monitoring of their
displacement/deformation is important to confirm the performance of facility, and to ensure the underground stability and
the worker’s safety during the construction and future operation.
OPG Response:
A detailed geotechnical investigation and monitoring plan will be developed for the shaft and repository excavations in
advance of development activities. This plan will include geotechnical monitoring and related instrumentation/equipment,
geological and geomechanical investigations during construction, as well as, long-term monitoring requirements during
the operation phase.
Specific to deformation/displacement monitoring, vertical displacement (single and multiple point borehole
extensometers) and stress measurements (strain cells) are planned in multiple locations for the large span areas of the
repository (e.g., main access tunnel, maintenance shop, large tunnel intersections), as well as, within the panel access
tunnels and the emplacement rooms. In many locations, monitoring equipment will be installed in both the back (roof of
the tunnel) and the floor.

EIS-07-303

 EIS Guidelines,
Section 12
 Class1 Nuclear
Facilities
Regulation, 5(i)

Information Request:
Explain if the Peak Particle Velocity (PPV) criteria for blasting operations consider appropriate PPV criteria for the Bruce
nuclear generating stations.
Provide a monitoring plan, including the monitoring locations, to ensure that the PPV from the blasting is below the
proposed criteria.
Context:
Blasting from the shaft and underground facility excavation will cause ground vibration which might have an impact on
different receptors. The PPV criteria (values) were proposed for different receptors by considering the requirements from
different guidelines. However, it is not clear if the PPV criteria considered the safe operation requirement for the Seismic
Source Characterizations of the Bruce nuclear generating stations.
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The CNSC noted that the Darlington New Build set the PPV criteria of 3 mm/s by considering the Turbine operation
requirement of the Darlington DGS [Site Evaluation of the OPG New Nuclear at Darlington]).
The CNSC suggested that it seems no monitoring programs, in particular, the monitoring locations, are proposed to
ensure that the PPV is below the criteria.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section I5) predicted ground
vibration resulting from blasting activities for the DGR Project on a number of potential sensitive receptors. The nearest
portion of the Bruce A and B stations, the transformers and switchyards, are located at approximately 700 m and 1200
m, respectively, from the DGR Project site. The peak particle velocities (PPV) estimated (95% confidence limit) to occur
at the Bruce A and Bruce B transformers and switchyards, as a result of DGR blasting, based on the scale distance
curve established from Bruce B intake tunnel blasting (GOLDER 2011, Table I6-1), are 0.5 mm/s and 0.3 mm/s,
respectively. These estimates are based on maximum explosive weights of 112 and 150 kg per delay during shaft
sinking and underground development, respectively.
Bruce A and Bruce B generating stations, at distances of approximately 1400 m and 1470 m respectively, are further
from the DGR Project site than the transformers and switchyards. High ground vibration attenuation was demonstrated
to be characteristic of the Bruce site during the demolitions of the Bruce Heavy Water Plant towers which generated
ground motion with low dominant frequencies similar to those from underground blasts. For example, the PPVs
measured during the 2685 ton DA103 tower demolition reduced from 134 mm/s at 30 m from the source to 3.4 mm/s at
130 m and 0.9 mm/s at 435 m. Based on the high ground vibration attenuation, ground vibrations (95% confidence limit)
at each station during DGR blasting would be less than the estimated values at the switchyards and are estimated to be
approximately 0.25 mm/s and 0.2 mm/s, respectively. Based on these predictions, blasting at the DGR project site is not
anticipated to affect the operation of the Bruce nuclear generating stations. It is noted that the PPVs predicted to be felt
at the Bruce A/B nuclear generating stations are substantially below the 3 mm/s criterion used for Darlington reactors as
noted in the Context section above.
A preliminary monitoring program is proposed in the DGR EA Follow-up Monitoring Program (NWMO 2011, Section 7.1).
A detailed monitoring program will be developed with the shaft sinking contractor, and in consultation with Bruce Power,
after the contract has been awarded and the blasting design finalized.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
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DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-07-304

 Section 8.7,
Malfunctions,
Accidents and
Malevolent Acts
 Class1 Nuclear
Facilities
Regulation, 5(i)

Information Request:
Clarify if local rock falls in the shaft station and service area are considered in the Malfunctions, Accidents and
Malevolent Acts TSD, and justify the annual frequency of occurrence applied for rock falls and rockbursts (i.e., 10-2 and
10-7).
Context:
In both EIS (section 8.1) and Malfunctions, Accidents and Malevolent Acts TSD (section 3.2), OPG indicated that local
falls within emplacement rooms were considered as a geotechnical malfunction and the accident initiating event with a
potential annual frequency of occurrence between 10-2 and 10-7. It is not clear if local rock falls in the shaft station and
service area were considered.
OPG Response:
Rock fall/rock burst was identified as one of the initiating events for preclosure accidents in the Environmental Impact
Statement (EIS) (OPG 2011a, Section 8.1), the Malfunctions, Accidents and Malevolent Acts Technical Support
Document (MAMA TSD) (AMEC NSS 2011, Section 3.2), and the Preliminary Safety Report (OPG 2011b, Section 7.5.1).
The “annual frequency” scale is presented as a simple scale - possible, unlikely or non-credible. To assign events to this
scale, a range of frequencies is considered - possible (>10-2), unlikely (between10-2 and 10-7) or non-credible (≤10-7). An
explanation of the initiating event frequency estimate is also given in OPG’s response to Information Request
(IR) EIS-01-03 (OPG 2012).
With respect to radiological accidents, as noted in the EIS (OPG 2011a, Section 8.2.1.3) and in the MAMA TSD (AMEC
NSS, Section 4.1.1.1), the justification for the frequency is provided in the Preliminary Safety Report (OPG 2011b,
Section 7.5.1.2). It is important to note that the initiating event frequency is only used to identify non-credible accidents,
as both “possible” and “unlikely” events are evaluated.
Rock fall and rockburst are defined here to mean rock failure sufficient to cause crushing or breaching of a container otherwise there would be no radiological release. Such rock fall and rockburst events are identified as “unlikely” within
the DGR operations phase for the following reasons:





Use of ground and roof support for all underground areas;
Defined minimum floor and ceiling thicknesses within the Cobourg Formation for mechanical stability;
Alignment of the emplacement rooms (where packages are stored) with principle stress direction;
High strength of the host rock relative to the expected in-situ stresses; and
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Completion of excavation before operation begins.

The latter is an important point because it allows time to observe the rock mass behavior to confirm stable rock
conditions before waste packages are emplaced.
Assuming rockfall occurs, then it could occur in any area of the DGR. However, with respect to radiological accidents,
rockfall in the service area is not relevant as waste packages are not brought into the service area. Rockfall within the
shaft station would only have a radiological consequence if packages were present at the time; however, packages are
not normally stored in the shaft station area. Therefore, the most likely location for rock fall leading to a radiological
accident would be within an emplacement room.
Note that the non-radiological implications of rockfall and rockburst, including areas such as the service area or shaft
station, are considered qualitatively within the MAMA TSD (AMEC NSS 2011), see Table 5.2-1, Credible Nonradiological Accidents Related to the DGR Project, and control measures are noted in Table 5.3.3-1, Summary of
Screening of Hazards to Workers, as well as in OPG (2011b), Section 9.4.7.1, Excavation Methods and Installing Rock
Support.
References:
AMEC NSS. 2011. Malfunctions, Accidents and Malevolent Acts Technical Support Document. AMEC NSS Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-07 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
EIS-07-305

 Section 11.4.4,
Terrestrial
Environment

Information Request:
Assess the potential effects of the project on the Canada Warbler and Eastern Meadowlark. Provide additional baseline
information on habitat use by these two species in the Project and Site Study Areas.
Confirm that the presence of these species in the Site Study Area has been brought to the attention of the Ontario
Ministry of Natural Resources.
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Context:
Section 5.8.1 of the Terrestrial Environment TSD states that “Neither historical studies nor current database searches
identified habitat use by species listed under Schedule 1 of the Species At Risk Act (SARA) or threatened or endangered
species as identified by the province under the Endangered Species Act in the Project Area”.
Table 5.7.1-1 of the Terrestrial Environment TSD, which lists bird species identified during the 2009 breeding bird
surveys, indicates that the Canada Warbler and Eastern Meadowlark were identified in the Site Study Area. The Canada
Warbler is designated special concern provincially, and is listed as threatened under schedule 1 of SARA. The Eastern
Meadowlark recently became designated as threatened provincially (as of January 2012) and by COSEWIC, but
currently has no SARA status.
As indicated by the EIS guidelines (Section 11.4.4), it is expected that potential Project effects to all species at risk and
their habitats be fully assessed. This expectation is in line with the NSCA requirement to provide adequate protection for
the environment.
In addition to the NSCA, the DGR Project must also adhere to other legislation, including the federal Species at Risk Act,
and the Ontario Endangered Species Act. The designation of ‘Threatened’ under both of these Acts results in a
requirement for additional habitat protection measures. These two species were not assessed as species at risk in the
EIS, therefore this information is needed to better understand the potential impacts and ensure consistency with the
applicable legislation.
OPG Response:
The Terrestrial Environment Technical Support Document (TSD) (GOLDER 2011, Table 5.7.1-1) identified that eastern
meadowlark (Sturnella magna) and Canada warbler (Wilsonia canadensis) were present in the Site Study Area during
the field programs for the DGR Project. At the time of the DGR Project field program (2007 to 2009), eastern
meadowlark had no designation either federally or provincially. Eastern meadowlark has since been designated
(May 2011) as threatened in the provincial Endangered Species Act (Government of Ontario 2007). Canada warbler
was designated as special concern in Ontario at the time of the field data program (Government of Ontario 2007). In a
February 2011 amendment, Canada warbler was listed as Threatened in Canada under the Species at Risk Act
(Statutes of Canada 2002). Previous to this, Canada warbler was not ranked federally.
Effects of the DGR Project on Eastern Meadowlark and Canada Warbler
While eastern meadowlark and Canada warbler have been identified in a number of locations within the Site Study Area,
most of these locations fall outside of the Project Area and DGR Project site (OPG 2011, Figure 5.1.3-1). The one
station where eastern meadowlark was identified within the DGR Project site does not provide suitable breeding habitat
and would not be considered preferred habitat. The habitat cleared as part of the DGR Project will not result in the loss
of any breeding habitat, or preferred habitat for eastern meadowlark. Therefore, the DGR Project is expected to have no
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residual adverse effect on eastern meadowlark. The DGR Project will result in the removal of 8.9 ha of forest, mixed
woods (GOLDER 2011, Table 7.2.1-1). However, Canada warbler was not identified as using this habitat during the field
programs. Therefore, the loss of 8.9 ha of forest, mixed woods, should not have any adverse effect on Canada warbler.
Habitat Use in Project and Site Study Areas
Both species were identified within the Site Study Area during the breeding bird point count surveys conducted during
both the 2007 and 2009 field seasons. Surveys were conducted at the same breeding bird plots that were established in
both survey years using the same methods. The point count surveys followed the standard five minute point count
protocols with the exception of areas that contained wetland vegetation species. At these wetland sites, surveys were
conducted for 20 minutes to account for more secretive species such as rails and bitterns. All species recorded were
mapped to whether they were heard and/or seen within a 50 m radius or outside the 50 m radius. Species that may
have flown through or over the plot location were also recorded as such.
Eastern meadowlark was identified at 13 of the breeding bird survey locations, with multiple date records at three of the
stations. Canada warbler was documented at five of the breeding bird survey locations with no multiple date records.
Eastern Meadowlark
Eastern meadowlark was identified in the following Ecological Land Classification (Lee et al. 1998) plant species
communities during the breeding bird point count surveys. Station numbers refer to breeding bird survey locations
shown on Figure 5.3.2-1 of the Terrestrial Environment TSD (GOLDER 2011).









CUM 1 Mineral Cultural Meadow (Station 18);
CUM 1-1 Dry-Moist Old Field Meadow (Stations 3, 4, 6, 7, 11);
FOC 2-2 Dry-Fresh Eastern white Cedar Coniferous Forest (Station 5);
FOC 4-3 Fresh-Moist White Cedar-Balsam Fir Coniferous Forest (Station 20);
FOD 5-10 Dry-Fresh Sugar Maple-White Birch-Poplar Deciduous Forest (Station 26);
FOD 5-1 Dry-Fresh Sugar Maple Deciduous Forest (Station 30);
CUW1 Cultural Woodland (Stations 8, 9); and
IB - Industrial Barren (Station 31).

The eastern meadowlark prefers grassy habitats and is not likely to find a number of the vegetation communities listed
above as “preferred habitat”. While identification of a bird species during a breeding bird survey is evidence of some
level of habitat use, it cannot be considered confirmation of breeding status. It is likely that Stations 3, 4, 6, 7, 11 and 18
have the potential to provide suitable conditions for breeding for these species. None of these stations are located within
the DGR Project Area. The stations located within forested habitats (Stations 5, 8, 9, 20, 26, 30) are not likely to support
breeding habitat for this species.
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Station 31, an industrial barren, is one of the locations with potentially suitable habitat where eastern meadowlark was
identified within the DGR Project site (footprint). This is the only location that will be disturbed as a result of activities
associated with site preparation for the DGR Project. Station 8 is located within the Project Area but outside of the
Project Site. This station is described as a cultural woodland and would not be considered to provide preferred habitat
for this species. Station 30 is also located within the Project Area but outside of the DGR Project site. This location is
classified as a deciduous forest, which is not considered to be preferred habitat for eastern meadowlark. The Terrestrial
Environment TSD (GOLDER 2011, Section 8.3.3) includes a mitigation measure (a nest-survey search conducted within
the construction footprint area) if site clearing is undertaken when migratory birds may be nesting.
Canada Warbler
Canada warbler was identified in the following Ecological Land Classification (Lee et al. 1998) plant species communities
during the breeding bird point count surveys. Station numbers refer to breeding bird survey locations shown on
Figure 5.3.2-1 of the Terrestrial Environment TSD (GOLDER 2011).




FOC 4-1 Fresh-Moist Cedar Coniferous Forest (Station 21, 25);
FOD 5-10 Dry-Fresh Sugar Maple-White Birch-Poplar Deciduous Forest (Station 26); and
FOM 7-2 Fresh-Moist White Cedar-Hardwood Mixed Forest (Station 13, 27).

The Canada warbler prefers forested habitats, often with moist-wet soils with well developed shrub layers. All of the
locations where this species was identified during the breeding bird surveys have the potential to provide preferred
habitat for this species. However, none of these stations are located immediately within the DGR Project site. Station 27
is located within very close proximity to the proposed footprint; however, this feature will not be disturbed as part of the
DGR site preparation and construction activities. As stated above, the Terrestrial TSD includes a mitigation measure (a
nest-survey search conducted within the construction footprint area) if site clearing is undertaken when migratory birds
may be nesting.
A description of the habitats at each of the survey location in provided in the Terrestrial Environment TSD
(GOLDER 2011, Section 5.4).
Communication with MNR Regarding Eastern Meadowlark and Canada Warbler
No specific communication relating to the observed presence of eastern meadowlark and Canada warbler within the Site
Study Area have been held with the MNR. However, OPG is aware that the MNR are reviewing the EIS (OPG 2011) and
Terrestrial Environment TSD (GOLDER 2011). During discussions regarding certain species at risk held with MNR staff,
the eastern meadowlark and Canada warbler were not mentioned.
References:
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
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Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Government of Ontario. 2007. Endangered Species Act S.O. 2007, Chapter 6.
Lee, H. et al. 1998. Ecological Land Classification for Southern Ontario, First Approximation and its Application.
Ontario Ministry of Natural Resources.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
Statutes of Canada. 2002. Species at Risk Act. Chapter 29. Canada Gazette Part III, Ottawa, January 31, 2003.

EIS-07-306

 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Assess the influence of creep on the long term geomechanical stability of the underground facility and commit to a
follow-up program, consisting of both laboratory and field tests to verify that assessment.
Context:
According to the CNSC, the long term strength test data (Gorski et al.2009) on the Cobourg limestone indicate that creep
could be a factor in the long term geomechanical stability. Uniaxial compressive tests were performed at a constant low
stress level (at around the crack initiation stress), however, deformation, especially in the diametric direction, showed an
increasing trend as a function of time and did not stabilize after 100 days.
OPG Response:
Creep tests are carried out to assess time-dependent deformation of unconfined intact rock occurring under a constant
stress that is less than the short-term strength. Time-dependent deformation is a well-known phenomenon in weak clayrich rocks and rocks such as potash that display viscous plastic behaviour, and in such rock masses laboratory creep
tests are in general agreement with mining field observations. In brittle rocks, creep processes are generally attributed to
microcrack growth. Mining experience in brittle rocks, such as the Cobourg limestone formation, have not demonstrated
that creep process are significant from the perspective of rock mass stability and hence creep test results seldom factor
into the design of underground openings in brittle rocks.
Creep tests in brittle rocks are not without challenges. A characteristic of brittle rock creep is that the deformation
response is typically only recorded in the lateral strain gauge, unlike creep in visco-plastic material where deformations
are measured by the axial strain gauge. In an extensive and unique series of “creep” tests on Lac du Bonnet granite
over a period of 10-years, Lajtai et al. (1987) concluded the following:
“time-dependent tests for creep strain, static fatigue and slow crack velocity, the effect of water is substantial. The
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creep strain and slow crack velocity increase and the long-term strength decreases when water is introduced into the
previously dry testing environment. The size of the change, however, depends on the stress level (applied stress
relative to the instantaneous strength). It is small at high stress levels becoming more substantial as the stress level is
decreased. For example, at a stress level of 65%, the steady state creep rate of the lateral strain increased by 300%
when water was allowed to flood the previously dry environmental chamber.”
The laboratory creep tests results on Lac du Bonnet Granite suggested potential creep issues. However, those results
are not compatible with the observations from the excavations at the 420 m level of Atomic Energy Canada Limited’s
(AECL) Underground Research Laboratory that were subjected to stress levels similar to those used in the laboratory
creep experiments. The underground excavations showed no evidence of stability issues over a period of 20 years that
could be attributed to creep. One of the reasons that creep in brittle rocks does not manifest into large-scale stability
issues is that the stress concentrations are localized spatially around the underground excavations. Hence, if creep
were to occur it would be concentrated to those minor localized overstressed areas.
Given the experience of Lajtai, the lateral creep observed in CANMET testing (Gorski et al. 2009) may be a secondary
effect resulting from environmental (moisture) or poroelastic influence (through minor damage from sample disturbance)
on the Cobourg limestone. To this end it is noteworthy that acoustic emission readings within the Cobourg samples
indicate that the creation of new damage significantly reduces and in many cases ceases after 50 days on average. In
most cases the axial deformation shows no signs of long-term deformation and if non-linear trends are examined, most
creep tests showed a reduction in creep rate with time.
In situ a minor softened/disturbed zone will be created around all the underground excavations. Creep is not expected to
materially change the rock mass conditions within this zone. Outside this zone, the confining stresses are higher and it
is well understood that creep processes are significantly abated at higher confinement levels (less differential stress).
The creep tests carried out at CANMET (Gorski et al. 2009 and 2010) were performed at the most extreme case of
uniaxial loading.
It is recognized that stress levels at or above crack initiation in an unconfined state, such as at the periphery of an
unsupported excavation may be susceptible to localized yielding. To minimize the potential for this behaviour, the
repository layout design:
1) Aligned the emplacement rooms parallel to the maximum horizontal stress to minimize the stress on the
periphery of the excavated openings.
2) Shaped the excavation to place the stress concentrations in the corners of the openings where the geometry of
the corner, creates a confining condition. The corner geometry actually changes the loading from stress control
to stiffness control, which is equivalent to increasing the confining stress.
3) Supported the small Excavation Damaged Zone (EDZ) on the pillar walls. This zone will create a de-stressed
zone that provides confinement to the pillar wall in addition to the proposed ground support. It is well known that
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confining stress reduces the potential for creep processes.
Despite the above, scenarios were considered where the assumption of creep processes is incorrect and their influence
has been underestimated. In the long-term geomechanical analysis (NWMO 2011a, Section 6.4.4.1), a parametric
analysis was carried out for the following six values of the Cobourg limestone long-term strength to investigate the
sensitivity of the predictions of cavern and pillar degradation:
 45 MPa (40% uniaxial compressive strength (UCS));
 54 MPa (49% UCS);
 63 MPa (57% UCS);
 72 MPa (65% UCS);
 81 MPa (73% UCS); and
 90 MPa (81% UCS).
The consequence of all the pillars collapsing due to long-term strength degradation is demonstrated. It is evident that as
the long-term strength increases, the damage to the emplacement rooms and pillar decreases (NWMO 2011a,
Section 6.1).
To evaluate the creep process during shaft sinking and lateral development, the project has plans to incorporate
deformation monitoring by installing extensometers in the pillar wall and roof to establish if creep is observed in-situ as
part of the Geoscientific Verification Plan (NWMO 2011b, Sections 2.1.5 and 2.2.6). In addition, other geoscientific
activities as described in NWMO (2011b, Sections 2.1.5.2 and 2.2.6.3) that involve laboratory testing of large diameter
core (>75 mm) or block samples will also be used to investigate time-dependent rock behaviour.
References:
Gorski, B., T. Anderson and B. Conlon. 2009. Long-Term Strength Degradation Testing of DGR-2 Core. Intera
Engineering Ltd. report TR-08-11 Rev.0. CANMET Mining and Mineral Sciences Laboratories, Natural Resources
Canada. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Gorski, B., T. Anderson and B. Conlon. 2010. Long-Term Strength Degradation Testing of DGR-3 and DGR-4 Core.
Intera Engineering Ltd. report TR-08-36 Rev.1. CANMET Mining and Mineral Sciences Laboratories. Ottawa, Canada.
(available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Lajtai, E.Z., R.H. Schmidtke and L.P. Bielus. 1987. The Effect of Water on the Time-Dependent Deformation and
Fracture of a Granite. International Journal of Rock Mechanics and Mining Sciences and Geomechanics Abstracts 24
(4), 247–255.
NWMO. 2011a. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
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Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-07-307

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Discuss whether the increased fracture frequency in the Ordovician may be the result of the proximity to a vertical fault or
fracture zone.
Discuss the implications of the high fracture frequency in the overpressured Cambrian unit, in light of the relatively high
fracture frequency in the Middle Ordovician rocks in DGR-4, the possibility of a vertical fault or fracture zone, and fluid
infiltration along such a feature.
Context:
An explanation and discussion of the anomalous higher fracture frequency and the implications this might have at the
Bruce site is required.
The CNSC stated that the possible reasons for the relatively higher fracture frequency in the Ordovician in DGR-4 should
be provided and require discussion. The natural fracture frequencies presented in the DGSM report (on Figure 3-4 and
Table 3.5) show that in DGR-4, the natural fracture frequency is higher in Middle Ordovician units than in other
boreholes, with up to ~5 / m. Additionally, the fracture frequency in the (underlying, overpressured) Cambrian unit is
shown to be high, with a natural fracture frequency of up to 12 / m.
OPG Response:
This response is provided in addition to information previously provided in OPG’s responses to Information Requests
(IRs) EIS-02-37 (OPG 2012a) and EIS-05-164 (OPG 2012b) on evidence regarding the occurrence of sub-vertical faults
or fracture zones in proximity to the proposed DGR.
a) Evidence gathered during site-specific investigations indicates that the increased fracture frequency reported
within the Ordovician limestones at borehole DGR-4 (INTERA 2011, Figure 3.4) is principally the result of
mechanical breakage occurring during drilling and extraction of the borehole cores (INTERA 2011, Section 3.12).
This evidence includes detailed core and fracture logs as documented by Briscoe et al. (2010) and colour core
photographs taken at the time of core retrieval. It is evident that of the fractures logged the vast majority (i.e.,
> 90%) occur at a high angle to the core axis. As the logs and core photographs (see Figures 1 to 3 below)
illustrate, such features are associated with visible evidence of core damage (e.g., scraping and grinding marks,
extreme variation in core diameter along the axis), indicative of mechanical breaks. These high angle features
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tend to occur within shale-rich horizons or with a change in lithology between carbonate and shale where core
diameter variations due to coring are particularly evident. There is no indication that any of these fractures have
a mineral infilling, which would preclude the interpretation that they are mechanical in nature.
Assuming that the sub-vertical and moderate angle discontinuities are natural fractures leads to a conservative
estimate for the fracture frequency in the Ordovician limestones of less than 1 / m.

Figure 1: Photograph of Ordovician (Kirkfield Fm) Limestone - Mechanical breaks in core at lithological
contacts and associated with core diameter variation due to drilling damage
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Figure 2: Photograph of Ordovician (Kirkfield Fm) Limestone (DGR-4) - Extreme core diameter thinning at
location of mechanical break
b) A high fracture frequency is also noted for the Cambrian unit and it has been suggested, based on the results of
hydraulic testing, that many of these fractures are open (INTERA 2011, Section 3.6). The core logs for the
highly-fractured Cambrian interval in DGR-3 (core runs 288 to 292 described in Briscoe et al. (2010)) describe
that some of these fractures are filled by either a ‘white mineral’ or calcite +/- pyrite. Therefore, some of these
fractures are natural and were formed prior to mechanical disturbance by drilling and coring. However, some of
these fractures appear due to the same phenomenon of mechanical damage described above. The photograph
below (see Figure 3) shows an example of high fracture frequency from a section of the Cambrian unit
encountered in borehole DGR-3, in an area where the core diameter is highly variable due to drilling damage,
and where a high fracture frequency has been noted. The primary sources for the information were Sterling
(2010) and Briscoe et al. (2010), which provide information related to fracture orientation with respect to the
borehole axis. As the core logs and the illustrative photograph below show (see Figure 3), the fractures are
primarily oriented sub-horizontally (high angle to borehole axis in vertical boreholes), and none of the fractures
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were described as having a mineral infilling.

Figure 3: Photograph of Cambrian - Core diameter thinning at mechanical breaks
along core axis
Regardless of the fact that some of the Cambrian fractures are associated with increased permeability,
information has previously been provided (OPG responses to IR-EIS-02-37 (OPG 2012a) and IR-EIS-05-164
(OPG 2012b)) to support the interpretation that there are no unidentified faults in proximity to the proposed DGR
footprint. This includes geochemical, hydrogeological and stratigraphic lines of evidence that do not reveal the
existence of a sub-vertical transmissive structural feature within the Ordovician sediments. In particular, key
points are as follows:


In situ straddle packer testing within the DGR-series boreholes yielded rock mass hydraulic
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conductivities of 10-11 to 10-15 m/s within the Ordovician sediments (NWMO 2011, Figure 5.1);


Hydraulic underpressures in the Ordovician shales and Trenton Group limestones, with maximum
underpressures occurring within the Blue Mountain Formation equal to approximately 300 mBGS, as
well as the strong overpressures in the Cambrian aquifer (NWMO 2011, Section 5.2.2.2), generate high
vertical hydraulic gradients that could not be preserved in the presence of through-going sub-vertical
fault-controlled transmissive pathways; and



There is no evidence from drilling or in-situ borehole testing within the DGR-series boreholes of
pervasive hydrothermal dolomitization typical of type Ordovician fault centric carbonate reservoirs
described elsewhere in southern Ontario (NWMO 2011, Section 2.3.9.2). Only minor dolomite
occurrences within the Ordovician carbonate strata beneath the site are observed.

Based on the information above, the increased fracture frequency in the Ordovician formations observed at borehole
DGR-4 principally appears to be the result of mechanical damage. Although some of the fractures in the Cambrian unit
appear natural, visual evidence indicates that some are also due to mechanical damage. Regardless, the geochemical,
hydrogeological and stratigraphic arguments provide additional evidence that the occurrence of interconnected fault
pathways between the overpressured Cambrian and overlying underpressured Ordovician formations in the vicinity of
the DGR footprint is remote.
References:
Briscoe, G., A. Wigston and M. Melaney. 2010. Drilling, Logging and Sampling of DGR-3 and DGR-4. Intera
Engineering Ltd. report TR-08-13 Rev.0. Ottawa, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115,
June 1, 2012. (CEAA Registry Doc# 523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD #00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)

1048

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Sterling, S. 2010. Drilling, Logging and Sampling of DGR-1 and DGR-2. Intera Engineering Ltd. report TR-07-06 Rev.1.
Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

EIS-07-308

 Section 10.1.1
Geology and
Geomorphology

Information Request:
Explain the anomalous higher elevation in the 2D seismic survey shown in Figures 13–15 of the 2D seismic survey
report (Intera 2009). Explain if this is a precambrian paleohill, an uplifted basement block, or an artifact.
Describe the uncertainties (accuracy and precision) associated with the estimate of 10m of local structural relief along
the basement surface and overlying stratigraphic reflectors for individual seismic lines. Describe the accuracy and
precision of the depth and configuration of the apparently continuous reflectors evident in some of the seismic profiles.
Context:
The possible basement-related feature identified in the seismic survey (based on 2-way travel time) north of DGR-1 and
DGR-2 is a structure that requires explanation.
OPG Response:
a) Results from the 2D seismic survey (Watts et al. 2009) indicated anomalous higher basement contact elevations
within the project area where DGR-1 and DGR-2 were drilled. The information presented below is consistent with
the understanding that this feature, with topographic variation of ~ 10 m, is not a fault-bounded and uplifted
basement block, and that it therefore either represents a Precambrian paleohill or an artifact of the seismic data
processing. Evidence supporting this conclusion includes the following points.


Watts et al. (2009) concluded that triangulation of key marker bed elevations in DGR-1/2, DGR-3 and DGR-4
(that enclose the proposed repository footprint) does not support the interpretation of the presence of local
bedrock high or associated faulting near DGR-2.



The continuous core retrieved from both inclined boreholes DGR-5 and DGR-6, with the latter specifically
targeted to intersect interpreted fault structure to the north-east of the interpreted basement high, showed no
indication of the existence of potential faults. There was no evidence of shear zones, cataclasites, fault
gouge or a fault-related offset in the stratigraphy within the core recovered from the targeted intervals
(INTERA 2011, Section 3.12; NWMO 2011, Section 2.3.9.1).



Formation contacts predicted at the three-dimensional intersection of the equation of the formation plane
(from boreholes DGR-1, 2, 3, 4) with the known DGR-5 and DGR-6 borehole positions, based on Acoustic
Televiewer (ATV) and gyroscopic logging, do not indicate significant offsets in the vicinity of DGR-5 or
DGR-6 (Sterling and Melaney 2011; INTERA 2011, Table 3.16).
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Only borehole DGR-2 penetrated into the crystalline Precambrian basement and, therefore, the extent of
Precambrian surface paleo-erosional relief was not assessed with drilling. However, the consistent strikes,
dips, and thicknesses of the overlying Paleozoic formations negated faulting in the area enclosed by the
DGR boreholes and suggest Precambrian relief is less than the 10 m extent interpretable from the seismic
survey.



Further support for the interpretation that the seismic feature is not a fault has previously been presented in
OPG’s responses to Information Requests (IR) EIS-02-37 (OPG 2012a) and EIS-05-164 (OPG 2012b).

b) Watts et al. (2009) described the uncertainties and resolution constraints for the 2D seismic survey completed at the
Bruce nuclear site. They indicate that factors influencing the data quality include: noise, line orientation (bending),
and the high contrast between overburden and bedrock velocities. Further, the seismic survey report states that
data resolution within the seismic sections cannot resolve features less than 10 m in vertical extent or 3 seismic
traces horizontally (representing 18 and 9 m, for the Key Seismic and Seiscraft processed sections, respectively).
Data quality is assigned along all lines, as described in Table 1 and illustrated in Figure 6 of the seismic survey
report (Watts et al. 2009). Several key points related to data uncertainty are below.


The area interpreted as north-east and east of the bedrock high, along line 4, and at the ends of lines 5, 6,
and 9, is of poor data quality, with limited fair quality, and, therefore, either not interpretable on its own or is
only interpretable with low confidence (Watts et al. 2009).



The interpretation of anomalously high Queenston, Cobourg and Precambrian formation elevations, as
indicated by the ribbon plots (Watts et al. 2009, Figures 13, 14, and 15), is partially based on the area to the
east having lower formation elevations but should be tempered considering the low degree of confidence and
the drilling results which, as discussed above, do not suggest the presence of faults.

Confidence in the accuracy and precision of the depth and configuration of the apparently continuous reflectors
evident in some of the seismic profiles is increased when the seismic survey results are accompanied by borehole
geophysical natural gamma log profiles (e.g., Watts et al. 2009, Figures 16a and 16b). The gamma logs provide a
baseline from which to interpret the individual stratigraphic horizons and determine their continuity. In addition, an
entire section of the Geosynthesis is devoted to a detailed analysis of the stratigraphic continuity of individual
Ordovician formations (NWMO 2011, Section 2.3.4). The discussion highlights the uniformity of geometry and
structure, and the traceable nature, of the entire Ordovician stratigraphic interval, which was also determined
independently from the seismic dataset.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115,
June 1, 2012. (CEAA Registry Doc# 523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD #00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
Sterling, S. and M. Melaney. 2011. Bedrock Formations in DGR-1 to DGR-6. Geofirma Engineering Ltd. report TR-0911 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Watts, M., D. Schieck and M. Coniglio. 2009. 2D Seismic Survey of the Bruce Site. Intera Engineering Ltd. report TR07-15 Rev.0, NWMO DGR-REP-01330-0001 R000. Ottawa, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

EIS-07-309

 Section 10.1.1
Geology and
Geomorphology

Information Request:
Explain or address the inconsistencies identified in the description of the geological framework for the following:


Michigan Basin subsidence;



Thermal maturity; and



Bruce megablock fractures.

Context:
Numerous inconsistencies identified by the CNSC reduce confidence in the proposed DGR framework with respect to
the geometric predictability, tectonic stability, and resource potential in the RSA. The CNSC identified the following
inconsistencies:
Michigan basin subsidence
On page 14 of the Descriptive Geosphere Site Model (DGSM):


the statement that “the Taconic Orogeny in the Early to Middle Ordovician resulted in the collapse of platform
carbonates of the Trenton Group” is not supported by literature. For example see Quinlan and Beaumont (1984)
and Quinlan (1987) for an overview of basin formation and Paleozoic stratigraphy of the eastern interior of North
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America, and tilting related to subduction of cratonic interiors.


The change from Guelph Formation to the Salina Group is the result of basin subsidence, not arch uplift.



Michigan basin subsidence was not caused by the Acadian Orogeny.



The interpretation that Cambrian strata were deposited over the Algonquin Arch and then subsequently eroded
prior to the deposition of Ordovician strata (found in some reports e.g. the DGSM, Geosynthesis – tectonic
evolution of southern Ontario) is problematic. Figure 2.4 in the Regional Geology report and discussed in
Hamblin (2011) indicates that the Algonquin Arch was a peninsula while the Cambrian formations were being
deposited. This impacts on the conceptual model for the tectonic evolution of the Michigan Basin as presented in
the DGSM.

Thermal maturity


Thermal maturity of rocks in the study area, as mentioned in several reports (including Regional Geology,
Analogue Study of Shale Cap Rock Barrier Integrity) should be consistent with observations of hydrocarbon
seeps in drill core. In the vicinity of the Bruce site, Middle Ordivician limestone and the overlying Collingwood,
Blue Mountain, and part of the Georgian Bay Formations are thermally mature.



The pyrolysis data on page 46 of the DGSM report shows that mid Ordovician strata are thermally mature and
the top of the oil window is within the Georgian Bay Formation. Although the Cobourg Formation, the proposed
host for the DGR, is omitted from the oil window, it should be included because of the hydrocarbon seeps
observed in drill core.

Bruce megablock fractures


The apparently simple fracture pattern in the Bruce megablock relative to the Niagaran may simply reflect
borehole coverage, which is much more extensive in southern Ontario. This likely explanation is ignored in
reports.



The reliance on the Bruce/Niagara megablock concept to explain the lack of discovered oil and gas in the RSA is
problematic, owing to ambiguity about the origin and importance of megablock features.

OPG Response:
The geological framework of southern Ontario, as presented in the Descriptive Geosphere Site Model (DGSM) report
(INTERA 2011), the Regional Geology – Southern Ontario report (AECOM and ITASCA CANADA 2011) and the
Geosynthesis report (NWMO 2011), is considered to be consistent with the current scientific understanding of the
tectonic history of southern Ontario and the Michigan Basin. The following sections discuss the points listed in the
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1. Michigan Basin Subsidence
a) Recent studies by Howell and van der Pluijm (1990, 1999), that post-date the work by Quinlan and
Beaumont (1984), conclude that “Interpretation problems of several previous studies of the Michigan basin
are largely resolved when the stratigraphy is examined in light of structural sequences, rather than using a
predetermined stratigraphic grouping (Fisher et al. 1988) or if paleobathymetry had been explicitly
considered” (Coakley et al. 1994). The term “collapse”, as used in the DGSM, is meant to represent
deepening of the depositional basin due to loading of the continental margin during the evolving Taconic
Orogen. The description in the DGSM was a much shortened version of what is included in the
Geosynthesis (NWMO 2011, Section 2.2.3.2) which describes the “large-scale eastward-tilting of the
Laurentian margin” as characterizing the nature of the Taconic Orogeny, citing Coakley et al. (1994),
Coakley and Gurnis (1995) and Howell and van der Pluijm (1999).
b) The long-term history of continental arches, including their relative vertical motion, is a controversial aspect
of global tectonics. Regardless of the mechanism involved, during the Paleozoic Era the Algonquin Arch
existed as either a topographically positive or negative feature with respect to the depositional environments
of the adjacent Michigan and Appalachian basins. During the transition from the Guelph Formation
depositional environment to that of the Salina, the arch was a topographically positive feature that induced
the development of a restricted basin environment. During the Silurian, the Algonquin arch subsided at a
much slower rate than the adjacent regions, periodically creating a positive topographic feature. The
lagoonal setting of the Salina group was therefore at times sub-aerially exposed and eroded
(Haynes et al. 1989).
c) As discussed in Sections 2.1 and 2.2 of the Regional Geology – Southern Ontario report (AECOM and
ITASCA CANADA 2011), Howell and van der Pluijm (1990, 1999) determined that the Michigan Basin
developed as a result of a series of tectonic events that occurred throughout the Paleozoic (see also
Figure 2.4 in AECOM and ITASCA CANADA 2011), including, but not limited to, an Acadian event of
basin-centred subsidence. The Middle Devonian Dundee and Traverse formations show eastward facies
changes, consistent with an increase in water depth, departing from the typical circular subsidence patterns
in the basin (Gardner 1974). This variation occurred as a result of eastward tilting of the formations during
the post-Acadian Alleghanian event (Howell and van der Pluijm 1999).
d) The following passage from Hamblin (2011, p.2) describes the early Paleozoic nature of the Algonquin Arch
in a manner similar to what is found in the Regional Geology Report (AECOM and ITASCA 2011). “As the
Upper Cambrian sea transgressed from the Appalachian Geosyncline through southern Ontario up the
flanks of the subdued Algonquin Arch, the depositional units thinned, but likely covered the structure,
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resulting in an overall transgressive succession of marine sandstone and dolomite resting unconformably on
basement (Roliff 1954; Poole et al., 1968). However, these strata, the Sauk Sequence of Sloss (1963), were
eroded from the Arch crest during a phase of Early Ordovician uplift, marine regression and subaerial
erosion, resulting in the development of the sub-Tippecanoe Sequence (of Sloss, 1963)”.
2. Thermal Maturity
a) The visual evidence for oil hydrocarbon seeps within the DGR cores is acknowledged in several places, for
example in Section 2.3.6 and Figure 2.32 of the Geosynthesis (NWMO 2011), and Section 3.7.4.2 of the
DGSM (INTERA 2011). These visual observations, along with the results of pyrolysis analysis (Figure 3.17
of the DGSM in INTERA 2011) indicate that the rocks located beneath the Queenston Formation have
reached the oil window in terms of thermal maturity. However, the rocks do not appear to have reached the
degree of thermal maturation necessary to develop gas hydrocarbon (Engelder 2011). The lack of natural
hydraulic fractures near the base of the Blue Mountain Formation where they would be expected to form if
sufficient gas were to have been generated, supports this interpretation. This observation is also consistent
with recorded Ordovician Conodont Alteration Index (CAI) values of 1.5 (~80°C) within the northern Huron
region (Legall et al. 1981). It is also consistent with the statement in Engelder (2011, Section 3.3) that
suggests that the Lower Paleozoic sediments in southern Ontario have attained only an immature to barely
mature thermal maturation. Engelder (2011) further states, in Section 4.5, that the organic rich portion of the
Blue Mountain shale may be marginally mature, “backed up with the observation of minor oil seeps observed
in logged core”.
b) The Cobourg Formation was not omitted from the discussion of the distribution of formations within the oil
window because the Collingwood Member is a subunit of the Cobourg Formation. As discussed in
Section 3.7.4.2 of the DGSM (INTERA 2011), only 19 samples were chosen for the pyrolysis investigation.
The rationale for picking these samples was, in part, to analyze samples with the highest potential
percentage of organic content (i.e. dark shale-rich samples). It is understood that stratigraphic units located
deeper than those studied, including the Cobourg Formation beneath the Collingwood Member, would have
attained the same (or greater) thermal maturity.
3. Bruce Megablock Fractures
a) Section 2.2.6.2 of the Geosynthesis (NWMO 2011) discusses the sparse nature of the dataset and its limited
usefulness for interpreting the existence of faults throughout the Huron Domain. However no data exists to
suggest that the current pattern of mapped faults throughout the Huron Domain, as shown in Armstrong and
Carter (2010, Figure 25), is an incorrect or poor representation of the subsurface structure. The results from
the site-scale hydrogeological testing program (INTERA 2011) and the detailed fracture mapping of
Cruden (2011), in addition to OPG’s responses to Information Requests (IR) EIS-02-37 (OPG 2012a) and
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EIS-05-164 (OPG 2012b), suggest that there is a low likelihood that a major undiscovered fault or complex
network of faults exists proximal to the DGR footprint. A lack of recorded micro seismicity within the Huron
domain further increases confidence in this interpretation (Hayek et al. 2010).
b) A discussion of hydrocarbon potential within the Huron Domain has been previously provided in the OPG’s
response to IR-EIS-05-162 (OPG 2012b). In addition, Section 2.2.6.2 of the Geosynthesis (NWMO 2011)
discusses that the conceptual model of Sanford et al. (1985) is not a likely interpretation for the structural
geometry of the Huron Domain. However, it does appear that the Michigan and Appalachian basins have
experienced somewhat different tectonic histories on either side of the Algonquin Arch, which have
influenced their hydrocarbon potential. For example, west of the Algonquin Arch, the DGR site stratigraphy
shares a common history with the Michigan Basin. Here typical hydrocarbon pools are located towards the
basins depocentre in central Michigan where the increased thickness of sediment corresponds to increased
thermal maturity. Therefore on the flanks of the basin, such as in the case of the Huron Domain, the thermal
maturity is greatly reduced resulting in a lack of hydrocarbons. East of the Algonquin Arch, the stratigraphy
was controlled by the Appalachian foreland basin and a different burial history exists. Here, Ordovician
formations, due to the eastwards tilting during the Taconic Orogeny are thicker and contain a higher volume
of organic material, resulting in greater hydrocarbon potential.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Armstrong D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario, Ontario Geological
Survey, Special Volume 7, p.301.
Coakley, B.J., G. Nadon, and W.F. Wang. 1994. Spatial variations in tectonics subsidence during Tippecanoe I in the
Michigan basin. Basin Research, 6, pp. 131–140.
Coakley, B. and M. Gurnis. 1995. Far-field tilting of Laurentia during the Ordovician and constraints on the evolution of
a slab under an ancient continent. Journal of Geophysical Research, 100, pp. 6313–6327.
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization report NWMO DGR-TR-201143 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Fisher, J.H., M.W. Barratt, J.B. Droste and R.H. Shaver. 1988. Michigan basin, in Sloss, L.L., ed., Sedimentary cover—
North American craton: U.S.: Boulder, Colorado, Geological Society of America, Geology of North America, D-2,
pp. 361–381.
Gardner, W.C. 1974. Middle Devonian stratigraphy and depositional environment in the Michigan basin, Spec. Pap.
Michigan Basin geol. SOC., 1.
Hamblin, A.P. 2011. Detailed outcrop and core measured sections of Upper Cambrian and Middle Ordovician
sandstones (and associated facies), southwestern Ontario, Geological Survey of Canada, Open File 6856.
Hayek, S.J., J.A. Drysdale, J. Adams, V. Peci, S. Halchuk and P. Street. 2010. Seismic Monitoring near the DGR Annual Report 2009. Nuclear Waste Management Organization report DGR-TR-2010-03. Toronto, Canada.
Haynes S.J., R. Boland and J. Hughes-Pearl. 1989. Depositional setting of gypsum deposits, southwestern Ontario; the
Domtar Mine Economic Geology and the Bulletin of the Society of Economic Geologists, 4, pp. 857-870.
Howell, P.D. and B.A. van der Pluijm. 1990. Early history of the Michigan basin: Subsidence and Appalachian tectonics.
Geology, 18, pp. 1195–1198.
Howell, P.D. and B.A. van der Pluijm. 1999. Structural sequences and styles of subsidence in the Michigan basin.
Geol. Soc. Am. Bull., 111, pp. 974-991.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Legall, F.D., C.R. Barnes and R.W. Macqueen. 1981. Thermal maturation, burial history and hotspot development,
Paleozoic strata of southern Ontario-Quebec, from conodont acritarch colour alteration studies. Bulletin of Canadian
Petroleum Geology, 29, pp. 492-539.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115,
June 1, 2012. (CEAA Registry Doc# 523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD #00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
Poole, W.H., B.V. Sanford, H. Williams, and D.G. Kelley. 1968. Geology of Southeastern Canada, In Geological Survey
of Canada, Economic Geology Report, Number 1, Geology and Economic Minerals of Canada, R.J.W. Douglas (ed.),
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pp. 227-303.
Quinlan, G.M. 1987. Models of subsidence mechanisms in intracratonic basins, and their applicability to North
American examples, in Beaumont, C., and Tankard, A.J., eds., Sedimentary basins and basin-forming mechanisms.
Canadian Society of Petroleum Geologists Memoir 12, pp. 463–481.
Quinlan, G.M. and C. Beaumont. 1984. Appalachian thrusting, lithospheric flexure, and the Paleozoic stratigraphy of the
eastern interior of North America: Canadian Journal of Earth Sciences, 21, pp. 973–996.
Roliff, W.A. 1954. The pre-Middle Ordovician rocks of southwestern Ontario. Proceedings of the Geological Association
of Canada, 6, pt. II, pp.103-109.
Sanford, B.V., F.J. Thompson and G.H. McFall. 1985. Plate tectonics – A possible controlling mechanism in the
development of hydrocarbon traps in southwestern Ontario. Bulletin of Canadian Petroleum Geology, 33, pp. 52-71.
Sloss, L.L. 1963. Sequences in the cratonic interior of North America. Geological Society of America Bulletin, 75, pp.
93–113.

EIS-07-310

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts
 Section 13.2,
Selection of
Assessment
Scenarios

Information Request:
Clarify an apparent discrepancy between the statement that the C-14 inventory in the DGR is about equal to the Western
Waste Management Facility (WWMF) DRL (annual release limit that would give a 1 mSv/a dose to a person at the site
boundary) and the results of the SF-ED disruptive scenario that predicts an 80 mSv/a exposure from C-14 (Section
8.7.2.3 and Table 14-3, Argument 3-2).
Context:
The Severe Shaft Seal Failure Scenario assesses a hypothetical situation in which there is a breakdown in the
performance of these barriers. Two situations were considered: A base case for which the hydraulic conductivity of all
-9
shaft seals are set at 10 m/s (SF-BC) and an ‘extra conservative case’ for which the hydraulic conductivity of all shaft
-7
seals is set at 10 m/s with a porosity of 30%, which is equivalent to fine silt and sand (SF-ED). The PSR states
(page 551) that the SF-ED case results in a calculated dose to the adult site resident living above the repository that
reaches about 80 mSv/year after around 3800 years.
However, the PSR also notes that (page 551) “the estimated total amount of C-14 in the DGR is 6x1015 Bq (Table 5-8).
Even if this entire DGR inventory of C-14 were to be released as gas within one year, it would be roughly equivalent to
the current allowed WWMF Derived Release Limit (DRL) for C-14 of 4.6x1015 Bq/year (Table 7-3) and the peak dose to
anyone living around the Bruce nuclear site would be about 1 mSv or less.”
The CNSC questioned why the C-14 released over time through a severely degraded sealed shaft would result in a dose
of 80 mSv/a if there is insufficient inventory to significantly exceed a 1 mSv/a dose if it were released on the surface
today.
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OPG Response:
There is no discrepancy. The context given for the WWMF DRL dose information in the Preliminary Safety Report states
“it is noted that the consequences decrease with distance from the site” (OPG 2011, p.551). The difference in the
estimated dose from the Severe Shaft Failure Scenario and from WWMF airborne DRL for C-14 is due to the different
locations of the receptors as well as other factors.
Severe Shaft Failure Scenario - Hypothetical self-sufficient family living in a house over the main shaft and farming on
land over the repository site, and in particular over the ventilation shaft. All food is locally grown. The initial release to
the biosphere is as CH4 gas.
WWMF C-14 Airborne DRL - F14 group living in a non-dairy farm located at about 2.8 km from the WWMF. About half
of the food is locally grown. The release to the biosphere is CO2 gas.
For a given C-14 release rate, the airborne C-14 concentration at the WWMF DRL critical group location (F14) would be
much lower due to much higher atmospheric dispersion compared to that at the house over the main shaft for the Severe
Shaft Failure Scenario. Other factors relevant to the comparison are the release rates, the nature of the gas (i.e., CH4
and CO2) in release, and the local food consumption rates.
The purpose of the WWMF DRL example was to bound the potential hazard from the DGR for the more general case of
people that live in the vicinity of the site, rather than the hypothetical family living directly on the repository shafts.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-07-311

 Section 10.1.3,
Groundwater

Information Request:
Provide measured hydraulic gradients in all formations present in the site area.
Context:
The proponent provided measured hydraulic gradients in the Salina A1 Upper Carbonate, Guelph, and Cambrian, but not
in other rock units.
The CNSC indicated that the measured hydraulic gradients play an important role in the conceptualization of the local
scale groundwater model and the Postclosure Safety Assessment. The CNSC noted that, considering the relative large
uncertainty involved with hydraulic conductivity of tight rocks, the measurements of hydraulic gradients are especially
important to understand the hydrogeological nature, and possibly improve the conceptualization and modeling, of the
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groundwater flow and contaminant transport, and thus the Post-closure Safety Assessment.
OPG Response:
The Descriptive Geosphere Site Model (DGSM) describes activities conducted as part of Deep Geologic Repository
(DGR) geoscientific investigations to characterize hydraulic formation pressures within the Paleozoic sediments
underlying the Bruce nuclear site (INTERA 2011, Sections 4.12). Information regarding hydraulic formation pressures
has been obtained by two means: i) estimates obtained during the in-situ borehole hydraulic conductivity testing
program; and ii) fluid pressure measurements within the multi-level Westbay MP-55 and MP-38 systems installed in the
DGR and US-series boreholes. As part of an on-going environmental baseline monitoring program, the routine
monitoring of formation hydraulic heads within these Westbay-instrumented boreholes has continued on a quarterly
basis through 2011 and 2012.
As described by INTERA (2011, Section 4.12.3) horizontal hydraulic gradients were estimated only for the permeable
Salina A1, Guelph and Cambrian aquifers (INTERA 2011, see Hydrostratigraphic Units Figure 4.106). Within these
confined aquifers the measured hydraulic heads observed in the triangularly-arranged Westbay installations at DGR-1/2,
DGR-3 and DGR-4 had equilibrated rendering horizontal gradient estimates reliable. Within the aquitard and aquiclude
hydrostratigraphic units shown in INTERA 2011 (Figure 4.106; Hydrostratigraphic Units 3, 5, 6 and 7) similar equilibrated
formation pressure conditions do not exist, in part, a consequence of low formation rock mass hydraulic conductivities.
This issue coupled with multiple sources of evidence pointing to the existence of low formation hydraulic properties (i.e.,
-11
-15
10 to 10 m/s) suggests that groundwater flow and contaminant migration in these units is minimal (i.e., groundwater
system diffusion dominant) (NWMO 2011, Section 8). This is particularly the case in the Ordovician sediments proposed
to host and enclose the DGR. A discussion of confidence in observed formation pressures and hydraulic properties
within these units is provided by INTERA (2011, Sections 4.16.7 and 4.16.8). Given the information above, the
estimation of horizontal gradients in aquitard or aquiclude hydrostratigraphic units would not materially change the
interpretation of groundwater flow or mass transport described in the Geosynthesis report (NWMO 2011, Section 5.5) or
the Postclosure Safety Assessment (QUINTESSA et al. 2011).
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
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R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-07-312

 Section 13.5,
Interpretation of
Assessment
Results and
Comparison with
Acceptance
Criteria

Information Request:

 Class1 Nuclear
Facilities
Regulation, 5(g)

Clarify if there is any plan to verify the bottom extent (boundary) of the Cobourg Formation beneath the repository room
floor as designed.

Describe what in situ geomechanical testing and what up-scaling conditions are planned to obtain the geomechanical
properties of rock masses at the upscaling field testing during the shaft sinking and during the lateral development of the
underground facility.
Clarify why no in situ geomechanical testing for the Cobourg Formation is planned during shaft sinking, but is planned
during the lateral development.

Provide more information on the specific timing of the various planned verification activities.
Context:
The intent of the Geoscientific Verification Plan (GVP) is to gather additional geoscientific information to reduce the
uncertainties of the sub-surface geologic and geotechnical conditions, and to support engineering decisions and the
DGR safety case and any future license applications.
The up-scaling in situ geomechanical testing will provide additional site-specific geomechanical data to support the
design of the underground facility and to contribute to the safety case. However it is not clear what in situ geomechanical
testing is planned under what up-scaling conditions.
In situ geomechanical properties of the Cobourg Formation are needed for the design of the lateral underground facility
including the shaft station and service area. However, no in situ geomechanical testing of the Cobourg Formation is
planned before the development of the lateral facility (i.e. excavation of the shaft station and service area).
The underground facility of the DGR is expected to be designed to be fully contained within the Cobourg Formation. This
is important for both the construction of the DGR and the long term safety of the facility. However, the GVP does not
include the verification of the bottom extent (boundary) of the Cobourg Formation beneath the repository room floor that
could be impacted by the inclination of the formation.
OPG Response:
The Geoscientific Verification Plan lists proposed activities to investigate and confirm up-scaled rock mass properties
within the Cobourg Formation (NWMO 2011a, Sections 2.1.6.1, 2.1.6.2, and 2.2.6.3). These activities principally involve
acquiring large diameter core (>75 mm) or intact block (~0.6 m cube) laboratory rock samples to characterize scale and
anisotropic influences on estimates of rock mass strength and stiffness necessary for design verification. The proposed
geotechnical testing will be similar to that performed during the DGR Site Characterization studies, including uniaxial
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compression and direct shear tests (NWMO 2011b, Chapter 3). In-situ deformation modulus measurements to
determine the variations in rock stiffness at various distances from the shaft wall will also be performed (NWMO 2011a,
Section 2.1.4.2). A detailed testing plan, beyond that described in the Geoscience Verification Plan, will be developed
prior to DGR shaft construction.
In-situ geomechanical testing within Cobourg Formation will be performed at first opportunity during shaft sinking once
the formation is exposed. Based on the Geoscientific Verification Plan, an under-excavation test is planned within the
Cobourg Formation (including Collingwood Member) to verify the up-scaled rock mass parameters and the in-situ
stresses used in the DGR engineering design (NWMO 2011a, Section 2.1.6.2). This comprehensive test includes drilling
a number of instrumented pilot holes with deformation strain gauge type inclinometers installed in advance of shaft
excavation in the formation (NWMO 2011a, Section 2.1.6.2; Figure 2.4). Stress change cells will also be installed at the
end of selected pilot holes to capture the response of the rock mass. These measurements will be back-analyzed to
confirm the rock mass modulus and the in-situ stresses. This work will be performed in conjunction with horizontally
oriented over-coring stress measurements at selected horizons within the shaft as described by the NWMO (2011a,
Section 2.1.6.1).
As described in the Geoscientific Verification Plan, a geophysical survey will be carried out along all emplacement rooms
for their entire length to detect possible geologic structure between room pillars and below the repository to the
Precambrian basement (NWMO 2011a, Section 2.2.4.2). This geophysical survey will also provide information
necessary to confirm, if required given the demonstrated lithostratigraphic continuity, the lower Cobourg Formation
contact.
In terms of timing, all geoscientific verification activities will be coordinated with the construction schedule for vertical and
lateral DGR development. This will need to consider: i) construction progress in gaining shaft access to the nine
proposed horizons (i.e., Salina (F, C, A2 and A1 Units), Cabot Head, Queenston, Georgian Bay, Blue Mountain and
Cobourg formations (NWMO 2011a, Table 2.2)); and ii) the necessity to obtain verification results as early as achievable
to support design verification and preparation of an operating licence application. Based on a preliminary construction
schedule, verification activities in the main shaft would occur 15 months following initiation of shaft sinking. Within the
DGR lateral development, activities would be conducted as excavation on multiple working fronts permitted during a
36-month construction period.
References:
NWMO. 2011a. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
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 Section 11,
Effects Prediction
 Section 11.4.4,
Terrestrial
Environment
 Section 11.4.5,
Aquatic
Environment

Information Request and Response

Information Request:
Provide the rationale for the exclusion of tritium in the development of acceptance criteria for the protection of nonhuman biota from potential radiological effects. Where relevant (e.g., the SD-ED scenario), provide additional
information regarding the contribution of tritium to total radioactivity and dose for those intrusion/failure scenarios
assessed in the Preliminary Safety Report.
Context:
There are many references in the Preliminary Safety Report regarding the importance of tritium in the early post-closure
time period. For example, in the description of waste and packages in Section 8.4, the Preliminary Safety Report states
that: “the most important radionuclides at closure are tritium and C-14 due to their early release as gas…”
Table 8.1 lists the radionuclides for which the acceptance criteria based on No-Effect Concentrations were developed. C14 is among these radionuclides but tritium is not. It is understood that the radiation contribution by tritium will become
negligible after a few hundred years, but some of the failure scenarios could occur within that time-frame. For example,
in the SF-ED scenario (Severe Shaft Seal Failure) there is no indication that tritium was considered in the prediction as
to when the maximum dose to surface residents would occur. Rather, the report implies that the radionuclide responsible
for the dose is dominated by C-14 only. In this scenario, it is not clear what effect tritium might have on the total dose to
the surface resident and whether the hydraulic conductivity assumed for the scenario would allow tritium to contaminate
the shallow groundwater within the first few hundred years for it to be an important contributor to dose.
Figure 8-20 indicates that tritium is the dominant radionuclide in the near term post-closure period, so it might indeed be
an important consideration in the SF-ED failure.
OPG Response:
Tritium was included in the postclosure safety assessment for the normal evolution and disruptive scenarios (OPG 2011,
Chapter 8). The maximum incremental calculated tritium concentrations in surface media (well water, irrigated soil,
sediment, and surface water) were calculated. They were all found to be negligible due to radioactive decay within the
DGR, and therefore were not reported in the main reports. In particular, the calculated incremental surface
concentrations were less than 10-7 Bq/L in well and surface water, and less than 10-7 Bq/kg in irrigated soils and
sediments, including the SF-ED scenario. These are orders of magnitude below natural background tritium levels.
This reflects the half-life of tritium and the nature of the repository design. Even though tritium was assumed to be
readily released from waste packages as gas, and even though (for example) severe shaft seal degradation was
assumed to occur at closure, it still takes time for gas pressures to build up and for gas movement in the shaft. For
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example, for the shaft seal failure variant case (SF-ED), it is about 1800 years before gas breaks through to the shallow
system and surface (QUINTESSA and SENES 2011, Figure 3.5). During this period the tritium decays.
In the Inadvertent Human Intrusion scenario (OPG 2011, Section 8.7.1), a borehole is drilled directly into the repository
and gases are released directly to surface through the borehole, bypassing all the seals. However, since institutional
controls such as land use restrictions and markers would be put in place at the time of DGR closure and
decommissioning, and since the area around the DGR does not contain oil or gas reserves, such drilling is not credible in
the near-term. In the Preliminary Safety Report (OPG 2011, Section 8.7.1) it was assumed that intrusion would be
prevented for at least 300 years. Therefore, there is enough time for tritium to have decayed to insignificant levels. In
OPG’s response to Information Request (IR) EIS-03-50 (OPG 2012), the case of no institutional controls is discussed.
Analysis showed that tritium was only important in human intrusion up to 100 years.
In summary, tritium was included in the postclosure safety assessment. It was not found to be important in any of the
assessed normal evolution or disruptive scenarios assessed in the Preliminary Safety Report. Calculated levels of
tritium in the surface environment were orders of magnitude below natural tritium levels.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-08-314

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Discuss and clarify the uncertainties in the 3D Geological Framework (3DGFM) and descriptive geological site models
(3DGSM).
Provide a plan view map and/or vertical cross sections with quantitative elevation, thickness data, and lateral facies
changes. Identify specific field data observation and measurement locations.
Supplement the validation of the 3DGFM model with data from DGR boreholes 7 and 8.
Elaborate on the presence and extent of unconformities and any associated paleo-karst horizons that may have created
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lateral pathways and which might impact on the integrity of the site. Of particular interest is the Guelph Formation.
Context:
With respect to the thickness and composition of the units, the uncertainty is much greater than what is indicated in the
report (3DGSM).
CNSC suggests that there are discrepancies and inconsistencies in the analysis, presentation of quantitative
observations, and related uncertainties as presented in the 3D geological framework and descriptive geological site
models (3DGFM and 3DGSM). These models are important because they provide context for hydrogeological and
geomechanical models and assessments. Furthermore, the predictability of the geology at the site and regional scales
provides context and confidence in the overall DGR framework.
Uncertainties vary greatly within the Regional Study Area owing to the amount and quality of the information available.
Uncertainties are not analyzed or displayed in the report. While block diagrams illustrate the predictive capacity of the 3D
geological framework model, they do not effectively display quantitative information (elevation and thickness data).
Stratigraphic surfaces in the vicinity of the Bruce site involves interpolation across a large area (~150 km) between
Ontario and the Michigan basin, where there are no boreholes, and involves significant uncertainty that is not clear in
reports.
Table 3.15 (page 118 of the Descriptive Geosphere Site Model TSD) shows the results of a quantitative test of the
DGSM that was done to validate the predictability of the model, comparing DGR1, DGR2 with Texaco #6 (2900 m south
of DGR boreholes). The results shown contradict statements made in the geosynthesis of less than 5% variation in
formation thicknesses of Middle and Upper Ordivician units across the Bruce site (e.g. pg 102 of the Geosynthesis). This
contradiction should be resolved. Formation depths in DGR-1 and DGR-2 are ~5% deeper than predicted, while
thicknesses generally vary by greater than 5%. Comparing the vertical offset between predicted and actual formation
thicknesses, the variability in thicknesses is shown to be (for example) +13% for the Queenston; +5% for Georgian Bay;
-24% for Blue Mountain; +33% for the Cobourg; -53% for Cambrian Formation.
The models ignore basement-seated faults (see EIS-16) or petroleum accumulations known within the RSA. The
proponent should consider how known basement-seated faults that affect the RSA could be incorporated into the model.
Basement-seated faults were identified in the regional geology report (Figure 3.4 therein). The locations of these faults
and how they correspond to structure contours is significant. The NNW trend of contours (Figures in Appendix A) in an
area ~60-80 km east of the Bruce site are warped by an east-west structure in all units from the Shadow Lake to the
Reynales Fossil Hill Formations, which immediately overlie the basement. This warping structure appears to correspond
to basement faults identified in the regional geology report (Figure 3.4), and could be shown as a discrete feature that
offsets contours on structure contour maps.
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OPG Response:
Uncertainties in the 3D Geological Framework (3DGF) Model
The 3DGF model was developed with the intent of establishing a conceptual stratigraphic model, constrained by
historical information, for the purpose of regional and paleohydrogeologic groundwater simulations. It was not possible,
with the 3DGF model alone, to identify detailed geologic structures within the sedimentary sequence throughout the
Regional Study Area (RSA; ≈35,000 km2) scale, nor was this a reasonable expectation given the nature of the historical
database, including issues such as the irregular spatial distribution of boreholes and formation pick uncertainty (data
quality). The stratigraphic model presented in the report was built using a workflow that was developed in order to
specifically address these issues of uncertainty for the purpose intended. The following measures were taken during
model development:








Verification of all data sources used in the model development, including: Ontario Oil, Gas and Salt Resources
(OGSR) Library Petroleum Wells Subsurface Database (Borehole records 1930-present; 341 well records)
(OGSR 2004 and 2006); Ontario Geologic Survey (OGS) Digital Bedrock Geology of Ontario Seamless
Coverage ERLIS Data Set 6 (Scale 1:50,000); Historic borehole geophysical survey logs from selected wells
within the RSA (OGSR 2004 and 2006); OGS Open File Report 6191 (Armstrong and Carter 2006); Michigan
Department of Natural Resources and Environment, Petroleum Well Database; OGS digital bedrock topography
and overburden thickness mapping, Southern Ontario – Miscellaneous Data Release no. 207 (Gao et al. 2006);
and National Oceanic and Atmospheric Administration (NOAA) digital bathymetry mapping of Lake Huron and
Georgian Bay (NOAA 2007).
OGSR Library historical drilling records were screened for obvious errors (e.g., incorrect stratigraphic contacts
and collar surface elevations). Following screening, 42 wells from the RSA were deemed unreliable for quality
control reasons, which reduced the number of wells included in the 3DGF model from 341 to 299. A complete
listing of the OGSR Library historic wells that includes a description of reasons for exclusion is provided by
ITASCA CANADA and AECOM (2011, Appendix C).
Reference wells and associated geophysical logs as described by Armstrong and Carter (2006, 2010) were
included in the 3DGF model.
The core retrieved during the drilling of the DGR series boreholes (DGR 1-6) provided reliable site-specific
formation contact elevations. These bedrock formation contacts were determined, in part, on agreement
obtained during four core logging workshops with participation from industry, academic and government experts.
A Regional Scale Statistical Analysis test was performed. As described by ITASCA CANADA and AECOM
(2011, Section 6.5.2) a formation surface was generated using 67% of the wells intersecting the Sherman Fall
Formation, and then the additional 33% of the wells were input into the test model to compare between their
actual and predicted depths. Overall, the difference between predicted and actual formation depths is within
several metres at the regional scale.
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A site-scale blind depth test was performed. For this test, a prediction was made of the formation tops that
would be encountered at the location of borehole DGR-4. The results indicate that this test predicted or
estimated the DGR-4 contacts to within metres, with one exception in the Kirkfield Formation, which was a result
of a modification in the formation top pick criteria as a result of the core logging workshops with industry,
government and academic experts (ITASCA CANADA and AECOM 2011, Section 2.2).

The approach described above provided a reasoned basis to establish regional stratigraphy and spatial continuity or
traceability of the sedimentary bedrock formations occurring within the sedimentary sequence both at the regional scale
and underlying the Bruce nuclear site. Structural maps illustrating the predicted surface elevations for the bedrock
formations within the regional study area are shown in ITASCA CANADA and AECOM (2011, Appendix A). Note also
that the core retrieved from DGR-8 (DGR main shaft location), provided consistent formation contact elevation, thickness
and orientation as expected from the drilling of DGR-1 to 6 (Sterling 2011). In addition, the entire OGSR Library dataset,
the screened data and formation picks used to derive the 3DGF model, are provided in ITASCA CANADA and AECOM
(2011).
With regard to Table 3.15 of INTERA (2011), the comparison between Texaco #6 (completed in 1969 and located
approximately 2.9 km southeast of the Bruce nuclear site) and the DGR boreholes was completed using the formation
picks recorded on the historical record for Texaco #6. Subsequent re-analysis of the Texaco #6 formation picks, using
its original gamma log, and following the systematic approach to picking formation tops devised for the DGR boreholes
(Sterling and Melaney 2011, Table 1), indicated that in order to properly compare thicknesses, several of the formation
picks would need to be revised. Construction of the site-scale cross-section shown in Figure 3.71 of INTERA (2011) and
Figure 7.2 of NWMO (2011) was completed using the revised formation top picks. Although the updated Texaco #6
formation top picks were not included in INTERA (2011), a discussion of the revision was included in Section 3.13.1 of
the document.
Figure 1 shows a comparison of the borehole geophysics (gamma log) data from DGR-1/2 (left; scale in counts per
second/CPS) and from Texaco #6 (right; scale in American Petroleum Institute gamma scale/GAPI), using the top of the
Collingwood Member as a datum. Note also the similarity in the sub-formation scale inflections between the two
boreholes throughout the entire Ordovician interval, indicating the traceability of distinct lithofacies assemblages between
these two boreholes. This high degree of comparability is reflected in the cross-section shown in Figure 3.71 of INTERA
(2011).
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Figure 1: Comparison of Borehole Geophysical (Gamma Log) Data for Boreholes DGR-1/2 and Texaco #6
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Table 1 below provides information regarding the original formation tops, the original formation tops corrected by 0.9 m
for conversion from Kelly Bushing (KB) height to ground surface elevation, the revised formation top picks and the
updated formation thicknesses for the Texaco #6 borehole. The table also provides a comparison of formation
thicknesses from the DGR boreholes against those in the Texaco #6 borehole. A direct comparison of average
thicknesses as observed at DGR-2, -3 and -4 indicates variation of less than 5% except in one instance (Table 1; note:
blue cells indicate difference greater than 5%). In this latter case, the true thickness variation is only 0.6 m. Similarly,
when comparing the thicknesses of the upper Ordovician shale and middle Ordovician carbonate sequences the
variation is less than 2% (Table 1). In addition, the total Ordovician sequence thickness observed at all boreholes
(Texaco and DGR) varies less than 1% (see Table 1 below).
Table 1: Texaco #6 Borehole Original and Revised Formation Top Picks and Thicknesses and Thickness
Comparison with the Vertical DGR Boreholes
Texaco #6
Origin
Revis
al
ed Fm
w/KB
tops
corr.
(m)
(m)

Thickn
ess (m)

DGR-2
DGRDGR-2
2 Fm
&
thickn
Texaco
ess
thickne
(m)
ss
compar
ed (%)

DGR-3
DGR-3
DGR-3
Fm
&
thickne
Texaco
ss (m)
thickne
ss
compar
ed (%)

DGR-4
DGR-4
DGR-4 &
Fm
Texaco
thickne
thickness
ss (m)
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DGR Combined
DGR
DGR
Average
Average &
Fm
Texaco
thicknes
thickness
s (m)
compared
(%)

Formation

Origina
l Fm
tops
(1969)

Queenston
Georgian
Bay + Blue
Mnt
Collingwoo
d

472.4

471.5

476

74.8

70.3

-6.40

74.4

-0.54

73

-2.47

72.6

-3.08

551.7

550.8

550.8

127.7

133.6

4.42

132.8

3.84

133.8

4.56

133.4

4.27

646.8

645.9

678.5

8.9

7.9

-12.66

8.7

-2.30

8.4

-5.95

8.3

-6.80

Cobourg
Sherman
Fall

679.4

678.5

687.4

27.7

28.6

3.15

27.8

0.36

27.5

-0.73

28.0

0.95

730.3

729.4

715.1

28.8

28

-2.86

28.9

0.35

28.3

-1.77

28.4

-1.41

Kirkfield

761.4

760.5

743.9

47.7

45.9

-3.92

45.8

-4.15

45.7

-4.38

45.8

-4.15

Coboconk

792.5

791.6

791.6

24.4

23

-6.09

23.7

-2.95

23.8

-2.52

23.5

-3.83

Gull River
Shadow
Lake

804.7

803.8

816

50

53.6

6.72

51.7

3.29

52.2

4.21

52.5

4.76

866.9

866

866

4.8

5.2

7.69

4.5

-6.67

5.1

5.88

4.9

2.70

Cambrian

871.7
870.8
870.8
Ordovician shale thickness
(m)

202.5

203.9

206

1.70
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Ordovician carbonate
thickness (m)
Ordovician total thickness
(m)

192.3

192.2

191.1

191

191.4

-0.05

394.8

396.1

398.3

397.8

397.4

0.65

Geologic Cross-sections and Structural Maps
Quantitative data used to build the model was provided from several sources as described above and in ITASCA
CANADA and AECOM (2011, Section 2). In addition, Appendix A of ITASCA CANADA and AECOM (2011) includes
structural contour maps with the borehole measurement locations indicated and Appendix C includes the entire Oil, Gas
and Salt Resources (OGSR) Library dataset of boreholes used to build the stratigraphic surfaces of the model (OGSR,
2004 and 2006). Appendix C also includes the additional wells that were removed from the model during the data
screening process. All of the reference boreholes utilized by Armstrong and Carter (2006, 2010) were included in the
3DGF model. Geologic cross-sections with quantitative elevation and thickness data, and discussion on the lateral
facies changes expected within the different formations across southern Ontario are also included in Armstrong and
Carter (2006, 2010).
Figures 2.9 and 2.10 from the Geosynthesis (NWMO 2011) provide a qualitative interpretation (from Sanford 1993) of the
scale at which facies changes occurred during deposition of the Middle Ordovician carbonate rocks and, Middle and
Upper Silurian sedimentary rocks, respectively. In addition, cross-sections through the study area are provided in the
Geosynthesis at the basin scale (NWMO 2011, Figure 2.4), the regional scale (NWMO 2011, Figure 2.23) and the sitescale (NWMO 2011, Figure 7.2).
At the site-scale, a detailed examination of the DGR core was undertaken to understand facies variation (both vertically
and laterally), and a discussion of the results is included in NWMO (2011, Section 2.3.4). It was determined, consistent
with the facies maps mentioned above, that lateral facies changes occur at a scale much larger than the site, and that
vertical variations are correlative across the site and beyond at the decimetre scale.
3DGF Model – Verification against DGR-7 and DGR-8
The drilling and coring of vertical boreholes DGR-7 and DGR-8 at the DGR vent and main shaft locations, respectively, in
2011 provided an opportunity to further confirm and test the 3DGF model. Borehole DGR-7 was a shallow hole, only
reaching ca. 187 mBGS, while DGR-8 (80 m from DGR-7) was better suited for comparison as it extended to a depth of
ca. 723 mBGS. Sterling (2011) provides a discussion of the results from the drilling program, which are summarized
below.



The drilling and coring of boreholes DGR-7 and DGR-8 resulted in identification of the same 34 distinct
Paleozoic formations as encountered in the previous DGR boreholes (Sterling 2011, Table 2).
No major lithofacies changes within individual formations, members or units were identified in accordance with
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the results from the lithofacies examination described in the Geosynthesis (NWMO 2011, Section 2.3.4).
The formation thicknesses in DGR-7 and DGR-8 are ‘remarkably similar’ to the determined thicknesses in the
other DGR boreholes, generally with only 2–3 m variation over ca. 500 – 1000 m lateral distances (Sterling 2011,
Table 2). It was noted that thickness variation is greater above the Salina B Unit than below.
All distinct core marker beds identified in the core from DGR-1 through -6 were encountered in DGR-8
(Sterling 2011, Table 3 and Appendix A).

Based on the above, it was concluded that the DGR-7 and DGR-8 drilling results were consistent with core logging
observations at DGR-1 to DGR-6, as documented by INTERA (2011).
Lateral Pathways: Role of Unconformities and Paleo-Karst
The presence of unconformities in the Paleozoic sequence beneath the Bruce nuclear site was discussed from both a
regional perspective (NWMO 2011; Sections 2.2.3.2, 2.2.5.1, 2.3.2, Figure 2.8) and a site scale perspective
(INTERA 2011, Sections 3.8 and 3.11). Karst development (both modern and ancient) was discussed at the regional
scale (NWMO 2011, Section 2.2.5.5), and in association with the unconformity surfaces encountered during borehole
coring and logging (NWMO 2011, Section 2.3.8). The influence of sub-horizontal and laterally continuous horizons of
increased permeability was discussed in terms of the hydrostratigraphic model of the site (INTERA 2011, Section 4.13).
Each of the regionally recognized unconformities in the geologic record of southern Ontario is discussed below with
respect to its characteristics at the site scale:


Top of Precambrian (Precambrian-Cambrian contact): Weathering alteration evident in the upper 1.2 m of the
Precambrian gneiss below the Cambrian sandstone was due to regional brine migration, likely driven by
tectonically induced hydraulic gradients (e.g., Ziegler and Longstaffe 2000). The unconformity marks the
boundary between hydrostratigraphic units 9 (Precambrian Aquitard) and 8 (Cambrian sandstone aquifer).



Top of Cambrian (Cambrian – Shadow Lake Formation contact): This unconformity marks the contact between
the confined Cambrian aquifer and the overlying Shadow Lake Formation at the base of the Ordovician
sequence. The Cambrian unit, roughly 16 to 17 m thick beneath the site, pinches out several kilometers to the
east of the Bruce nuclear site. The entire Cambrian represents a zone of increased permeability and porosity,
with an assigned average hydraulic conductivity of 3 × 10-6 m/s (INTERA 2011, Section 4.13.8). The top of the
Cambrian unit is more than 150 m vertically below the proposed repository horizon.



Top of Ordovician (Queenston Formation – Manitoulin Formations contact): This unconformity is manifested as
an irregular erosional upper surface to the Queenston Formation. The unconformity marks the contact between
hydrostratigraphic units 5 (Ordovician shale aquiclude) and 3 (Silurian shale, dolostone and anhydrite aquifers),
and it also coincides with the top of the abnormal underpressures, which occur downward to the base of the
Trenton Group. There is no indication, e.g., TDS (total dissolved solids) profile in Figure 4.54 of INTERA (2011)
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and sustained abnormal pressures (e.g., NWMO 2011, Section 5.2.2.2), that this unconformity represents a
laterally extensive horizon of increased permeability and/or karstification.


Silurian (Cabot Head Formation - Fossil Hill Formation contact): This unconformity is within hydrostratigraphic
unit 3. As above, there is no indication that this unconformity represents a laterally extensive horizon of
increased permeability and/or karstification (e.g., INTERA 2011, TDS profile in Figure 4.54). It is possible, as
suggested by Worthington (2011), that subsequent deposition and diagenesis would have occluded much of the
karstic function (enhanced permeability) at this unconformable horizon.



Silurian (Fossil Hill Formation – Lions Head Formation contact): This unconformity is within hydrostratigraphic
unit 3. As above, there is no indication that this unconformity represents a laterally extensive horizon of
increased permeability and/or karstification (e.g., INTERA 2011, TDS profile in Figure 4.54). It is possible, as
suggested by Worthington (2011), that subsequent deposition and diagenesis would have occluded much of the
karstic function (enhanced permeability) at this unconformable horizon.



Silurian (Top of Guelph Formation): An unconformity has been recognized in some regional studies of the
Guelph Formation (Armstrong and Carter, 2010). Beneath the site, the 3.7 to 5.4 m thick Guelph Formation is
distinguished as a Silurian dolostone aquifer (hydrostratigraphic unit 4B) with a recognizable increase in porosity
and permeability. An estimated hydraulic conductivity of 8 × 10-7m/s was assigned to the Guelph Formation
beneath the site (INTERA 2011, Section 4.13.4). The highly saline brines occurring within the Guelph coupled
with a lack of evidence of mixing with recent meteoric or glacial signature fluids suggests that increases in
permeability may have been associated with paleokarst in the geologic past. The Guelph Formation is located
approximately 270 m vertically above the proposed repository horizon.



Silurian (A1 Carbonate): Beneath the site, the upper ca. 3.7 m of the Salina A1 carbonate is distinguished as a
Silurian dolostone aquifer (hydrostratigraphic unit 4A) with a recognizable increase in porosity and permeability.
An estimated hydraulic conductivity of 3 × 10-8 m/s was assigned to the Guelph Formation beneath the site
(INTERA 2011, Section 4.13.4).



Top of Silurian (Bass Islands Formation – Bois Blanc Formation contact): This unconformity is within
hydrostratigraphic unit 2 (Devonian and Upper Silurian dolostone aquifer) represents a laterally extensive
horizon of increased permeability. The upper part of the Bass Islands Formation in all DGR boreholes contains
very permeable sections with estimated hydraulic conductivities upwards of 10-4 m/s (INTERA 2011,
Section 4.13.2). Evidence of recent meteoric and glacial signature fluids and 14C age dates indicates this unit is
hydraulic connected with the ground surface.

In summary, erosional unconformities and karst conditions were considered in the development of the conceptual
hydrogeologic model for the Bruce nuclear site. Evidence as described by the NWMO (2011, Section 8) indicates that
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the existence of these conditions has not influenced the long-lived diffusion dominated transport regime within the
Ordovician sediments proposed to host the DGR. As such, karst and erosional unconformities are highly unlikely to
impact site integrity. This understanding is reflected in the DGR postclosure safety assessment (OPG 2011,
Section 8.6.2.4), which explicitly considered the above features as captured in the conceptual DGR hydrogeologic model
(INTERA 2011, Section 4.13; Sykes et al. 2011, Section 2.5.5).
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EIS-08-315

 Section 10.1.1
Geology and
Geomorphology

Information Request:
Provide a clear assessment via the 3DGFM of the influence of major basement features on the occurrence of faults and
fractures in the megablock encompassing the DGR site.
Provide information on the possible role of the Midcontinent Rift, a significant basement feature shown in the seismic
hazard report, on some Paleozoic fracturing in the RSA.
Context:
Basement-seated faults and known tectonic boundaries can be expected to cross cut Paleozoic strata in the vicinity of
the proposed DGR site. The block models and contour maps span more than 150km and can reasonably be expected to
be affected by basement-seated faults.
Basement-seated faults are important as the main features that are the likely controls on fracturing and faulting in the
vicinity of the DGR.
Basement-seated faults and tectonic boundaries have been identified within the RSA in the regional geology report
(Figure 3.4) and in the seismic hazard report.
Faults and fractures in limestone within the RSA, which are parallel to basement features, are likely the result of
reactivation. Other faults that cross-cut Grenville structures may relate to the Ottawa-Bonnechere graben. This leads to
two types of basement-seated faults that occur in the RSA. 1. Steep NNE trending early Paleozoic faults, formed by
reactivation of mesoproterozoic faults in the Grenville basement 2. NE trending faults that cut Grenville structures,
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probably associated with the Ottawa-Bonnechere graben.
The reactivation of basement-seated faults is an important control on sedimentation and fault propagation in intracratonic
basins, including the Michigan Basin, which encompasses the proposed DGR site. In southern Ontario, “the reactivation
of basement-seated faults is suspected to control the location of Paleozoic faults and fracture systems” (Boyce and
Morris, 2002). Therefore, proper documentation of these features at the proposed DGR site and how they impact on the
RSA is essential.
Basement-seated faults cutting Cambrian and Mid-Ordovician strata are generally aligned NNE, in parallel with
structures in the underlying rocks of the Grenville orogen and may be the result of reactivation of Grenville basement
structures.
Faults that cross-cut pre-existing basement structures are:




EW-trending faults in the southwest corner of Ontario;
the Ottawa-Bonnechere graben and related faults (early Paleozoic) part of the St Lawrence Rift extending from
Montreal to the northeast corner of Georgian Bay; and
NE trending faults south and southeast of Bruce

In other parts of southern Ontario, basement-rooted faults that have displaced Cambrian and Ordovician strata are
associated with hydrothermal dolomitization (HTD) and with oil and gas pools.
OPG Response:
The primary roles of the 3D Geological Framework Model (3DGFM) (ITASCA CANADA and AECOM 2011) were to
define the stratigraphic and spatial continuity of Paleozoic bedrock formations at the regional scale and to provide both
context for the site-specific investigations at the Bruce nuclear site, and to provide a rationale for extrapolation of site
conditions (stratigraphic continuity) beyond the DGR site. The 3DGFM was created using the same Oil, Gas and Salt
Resources Library (OGSR 2004 and 2006) dataset (including key control point boreholes) employed in determining the
regional scale stratigraphic architecture, and the history and spatial distribution of basement-seated faults, of southern
Ontario (Armstrong and Carter 2010).
It is acknowledged, as discussed in Boyce and Morris (2002), that the reactivation of basement-seated faults is
suspected to control the location of Paleozoic faults and fracture systems. The aeromagnetic lineament interpretation of
Boyce and Morris (2002) was in good agreement with the Sanford et al. (1985) fracture model for the Niagara megablock
region, but showed poor correlation with fracture patterns within the Bruce megablock. This partial correlation is
consistent with the understanding that there is a fundamental difference in the fault pattern (and underlying basement
structure) between the Appalachian Basin and Michigan Basin sides of the Algonquin Arch, as suggested by Cruden
(2011). Differences include a notable decrease in fracture density on the Michigan Basin side of the arch, and
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recognition that Silurian-aged faults are restricted to the Niagara Megablock, suggesting that the basement structure
beneath the Bruce megablock is less pervasive and simpler than that beneath the Niagara Megablock (AECOM and
ITASCA CANADA 2011, Section 3.1.3). This simple regional scale basement structure pattern for the Bruce megablock
is consistent with the following lines of evidence.






The regional micro-seismic monitoring network confirms the lack of low-level seismicity (> M1.0), implying no
seismogenic structures or faults within or in close proximity to the DGR footprint (INTERA 2011, Section 5.3 and
Figure 5.2).
An analysis of the seal capability of the Ordovician shale cap-rock, including examination of the degree of
hydrocarbon maturation, the longevity of formation underpressures, burial history, and tectonic controls on
sedimentation, found that the shales have maintained their integrity for geologically long periods of time and that
this would continue to be the case in the future (Engelder 2011).
The simple planar continuation of formation contacts from the DGR boreholes to those within the Texaco #6 well
2.9 km away to the southeast argues strongly against the presence of vertical faults within the Paleozoic bedrock
at, or near, the Bruce nuclear site, across distances of several km (INTERA 2011, Figure 3.71).
The lack of economically viable hydrocarbon pools within the regional study area, as discussed previously in
OPG’s response to Information Request EIS-05-162 (OPG 2012).

Calculations of the depth, thickness and strike and dip of the Paleozoic bedrock formations and marker beds at the
Bruce nuclear site (INTERA 2011, Tables 3.1 and 3.2) show remarkable uniformity, particularly below the Salina B Unit.
This uniformity in depth and orientation of DGR strata below the Salina B Unit argues against significant faulting having
disturbed formation contacts. The presence of possible fault structures, identified from seismic lines, was investigated
through inclined drilling of boreholes DGR-5 and DGR-6. These boreholes found no evidence of vertical offsets in the
targeted horizons (INTERA 2008). Site investigation work (INTERA 2011) from the DGR series boreholes, and
additional modelling work, (where referenced) yield the following results.






-11
In situ straddle packer testing yielded average hydraulic conductivities of 10 m/s or less throughout the
Ordovician interval, as well as anomalously high vertical hydraulic gradients, which could not be sustained in the
presence of conductive through-going faults (NWMO 2011, Figure 5.1).
Underpressures in the Ordovician shales and Trenton Group limestones, with maximum underpressures
occurring within the Blue Mountain Formation equal to environmental heads of 300 mBGS, as well as the strong
overpressures in the Cambrian sediments (NWMO 2011, Section 5.2.2.2), could not be sustained in the
presence of vertical/sub-vertical through-going fault-controlled transmissive pathways.
No evidence of shear zones, slickensides, cataclasites, fault gouge, or a fault-related offset in the stratigraphy
within the core recovered from the targeted intervals (NWMO 2011, Section 2.3.9.1).
There is no evidence in the borehole drilling and testing program for widespread hydrothermal dolomitization, or
an attendant fault (plumbing) system, as indicated by the presence of only minor dolomite occurrences
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throughout much of the Ordovician strata (NWMO 2011, Section 2.3.9.3).
Upward propagation of faulting from the Precambrian is the most likely mode of paleofault formation for the
Ordovician sedimentary sequence in southern Ontario (Carter et al. 1996). No faults younger than the Trenton
Group limestones have been mapped in this part of southern Ontario (Armstrong and Carter 2010).
A quantitative assessment was performed on the potential effects of a transmissive sub-vertical fracture or fault
located in the vicinity of the DGR (Sykes et al. 2011, Sections 4.5.4 and 7.2.1). The results indicate that a
transmissive fault in close proximity to the DGR is inconsistent with the physical and chemical hydrogeological
data and observations at the Bruce nuclear site. A further quantitative assessment of safety implications is
provided by QUINTESSA et al. (2011, Sections 6.2.5 and 7.2.4) in their vertical fault scenario analysis. These
results indicate that an unknown fault in the vicinity of the DGR would lead to hypothetical public doses
significantly less than the established dose criterion.

Several regional-scale tectonic structures, including the Ottawa-Bonnechere Graben and the Mid Continent rift and the
Grenville Front tectonic zone, are evident in the basement rocks surrounding and beneath the regional study area and
the Bruce Megablock. The Mid Continental Rift terminates within the Grenville Front at the border between Michigan and
Ontario, with no evidence to suggest that the rift extends into Southwestern Ontario (Hinze et al. 1992). In addition,
apart from localized periodic reactivation during the Mesozoic Era (after 250 Ma), the Grenville Province in southern
Ontario is presently considered to be a tectonically stable part of the North American craton (Percival and Easton 2007).
Within the Bruce megablock, as evidenced by several NWMO studies (INTERA 2011, Cruden 2011, and ITASCA and
AECOM 2011), site-scale, local and regional observations do not support the Sanford et al. (1985) conceptual fracture
model and, instead, suggest that structures within the Bruce megablock fit a pattern consistent with Paleozoic intraplate
deformation associated with the Michigan Basin. The multiple lines of regional and site-scale evidence described above
do not suggest any likelihood that the megablock encompassing the DGR site hosts any as-of-yet undetected basementseated faults that would be detrimental to the safety case for the proposed DGR.






No faults younger than the Trenton Group limestone’s have been mapped within this part of southern Ontario
(Armstrong and Carter 2010).
The closest reported Ordovician reservoir is situated some distance away, with none found within a 40 km radius
of the proposed site (NWMO 2011, Figure 2.20).
Borehole DGR-6 fully intersected the seismically interpreted fault occurrence window in the Georgian Bay, Blue
Mountain, Cobourg, Sherman Fall and Coboconk formations before terminating within the upper part of the Gull
River Formation (INTERA 2011, Figure 3.59). The results of core logging, borehole geophysical logging and
hydraulic testing of both DGR-5 and DGR-6 show no evidence of fault presence, as characterized by increased
fracturing, dolomitization and/or increased formation hydraulic conductivity.
Environmental water heads measured from the DGR boreholes display significant underpressures implying that
the (Ordovician) formations in which they are measured must be of extremely low permeability in order for them

1076

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
to persist (INTERA 2011, Section 6.2). This is indicative of a lack of proximal structures (see point above) which
would create noticeable perturbations within these horizons and environmental tracers by enhancing transport
pathways.
To conclude, multiple lines of evidence at both the regional and site-scale indicate that basement features within the
Huron Domain may not exert as strong an influence on geologic structure in the overlying Paleozoic sediments, as
occurs in the Niagara megablock. No new evidence has been obtained during the DGR investigations that would
provide reason to identify geologic structure within the Paleozoic sequence of the RSA other than that documented in
NWMO (2011, Section 2.2). In particular, site-specific investigations at the DGR footprint scale have found no evidence
for the occurrence of Ordovician fault structure that would compromise the DGR safety case.
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EIS-08-316

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide the sulphur content and speciation encountered during the drilling of the stratigraphic test wells DGR-1 to
DGR-8.
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Describe the mitigation action required during construction and operation of the proposed DGR should a subsurface
sulphur water environment be present at the proposed site.
Context:
Ontario Ministry of Natural Resources indicated that petroleum well records at the Petroleum Operations Section
(London office) document the common and widespread occurrence of sulphur water in the subsurface bedrock of
southern Ontario.
Sulphur water is very corrosive to steel casings in petroleum wells.
OPG Response:
Sulphur, in the form of dissolved sulphate, was encountered in varying concentrations during drilling of the DGR
boreholes, particularly within the Silurian Salina Formation; however, the average sulphate concentrations throughout the
rock mass are low, and the dominant anion below 200 m depth is chloride. [Note that geochemical characterization of
porewaters from DGR-8, as part of the shaft investigations, is not yet complete; and geochemical characterization was
not performed for DGR-7, which was drilled only to a depth of 190 mBGS, and is located only 80 m from DGR-8]. At
depth (i.e., at the repository horizon and in the overlying and underlying barrier/cap rocks), the groundwater and
porewater chemistries are reducing and sulphate concentrations range between 0 and 15 mmol/kgw (kgw = kg water).
The mineral pyrite (FeS2) is identified in numerous core sections, including all of the Ordovician shale and carbonate
rocks, suggesting reducing conditions and the potential presence of sulphur as dissolved sulphide (HS-) at depth. The
shallowest occurrences of solid sulphides (i.e., pyrite) are observed in the Devonian Bois Blanc Formation, indicating that
there are zones of reducing conditions at shallow depth as well.
Sulphate concentrations in groundwaters and porewaters throughout the 850 m sedimentary package range between
0 and 1208 mmol/kgw (INTERA 2011, Section 4.6.5). In the Salina Formation, represented by interbedded carbonate
and evaporite (anhydrite/gypsum) beds, dissolved sulphate concentrations are highest and show the largest variations
(ranging between 35 and 1208 mmol/kgw). The high sulphate concentrations are attributed to the presence of
anhydrite/gypsum in the rock cores that was crushed/dissolved during analysis, resulting in elevated porewater
concentrations. It is important to note that porewater SO4 concentrations are interpreted to have been affected by
oxidative dissolution of pyrite and other iron sulphide minerals during laboratory procedures, as well as the dissolution of
SO4 minerals (e.g., gypsum, anhydrite). Anhydrite and gypsum dissolution is a process noted in the Silurian rocks to
affect SO4 concentrations (INTERA 2011, Section 4.6.6.1). Deviations from the typical low sulphate concentrations
(0-15 mmol/kgw) in the deep, low permeability groundwater system (i.e., all Ordovician porewaters) are attributed to such
laboratory artefacts.
The occurrence of dissolved sulphur species in subsurface waters is common in southern Ontario, as noted in the
Regional Hydrogeochemistry – Southern Ontario report (Hobbs et al. 2011) and in Carter and Fortner (2012). In the
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regional context, the more permeable units identified at the Bruce nuclear site (i.e., the Salina A1 Unit and Guelph
Formation aquifers) have been characterized from sampled oil/gas wells (Hobbs et al. 2011) and from Ministry of Natural
Resources (MNR) well records (Carter and Fortner 2012), and, in all cases, are noted to contain some sulphate. As
noted in Carter and Fortner (2012), there is a “crude geochemical zonation” with depth in southern Ontario, with waters
ranging from fresh (shallow) to brackish-saline (intermediate) to highly saline (deep), with “sulphur waters” commonly
observed at intermediate depths regionally, ranging from just a few metres below to as deep as 350 metres below the
top of bedrock.
Based on the regional database (in Hobbs et al. 2011), as well as the available information from Carter and Fortner
(2012), the sedimentary units that typically show relatively ‘higher’ sulphate concentrations within the sediments across
southern Ontario are of Silurian and Devonian age. In the Devonian carbonates at the Bruce nuclear site, sulphate
concentrations are low, with values ranging between 0 and 32 mmol/kgw. One measurement in each of DGR-1
(15.7 mmol/kgw) and DGR-4 (31.9 mmol/kgw) account for the range observed. All other measurements of SO4
concentration were <10 mmol/kgw in the Devonian groundwaters and porewaters. In the Silurian Salina A1 Unit and the
Guelph Formation at the Bruce nuclear site, sulphate concentrations are low and the groundwaters reducing, suggesting
that inflow from these units, in the short time that they will be open to atmospheric conditions prior to casing and sealing,
will not provide any significant risk to the repository installation(s) in the context of corrosion. Sulphate concentrations in
the Guelph Formation groundwaters range between 0 and 3 mmol/kgw. In the permeable upper section of the Salina A1
carbonate, concentrations average 38 mmol/kgw, with measured values never exceeding 40 mmol/kgw. Under reducing
conditions, sulphate in groundwaters is normally reduced by bacteria to form hydrogen sulphide (Hobbs et al. 2011,
Section 6.1.1). It is suggested that sulphate, as dissolved SO4, persists in the deep, reducing groundwaters because, at
low subsurface temperatures (~25⁰C), as observed at the Bruce nuclear site, reduction of SO4 to HS- or H2S is kinetically
inhibited unless mediated by microbial action. Such microbial action is unlikely to occur in the deep groundwater system
at the Bruce nuclear site because the high-salinity (>200 g/L) waters appear unable to sustain populations of sulphatereducing bacteria, as suggested by the microbiology work performed on DGR cores by Stroes-Gascoyne and Hamon
(2008).
Sulphate concentrations in the deep groundwaters and porewaters at, and surrounding, the repository horizon at the
Bruce nuclear site are low (0-15 mmol/kgw), as are the porosities and water contents of the host and surrounding
formations. The only repository structures that will be in contact with the more permeable horizons are the shafts. The
observed groundwater chemistry has been taken into account as part of the physical design and safety assessment
analyses of corrosion. With respect to the shaft design, mitigative measures include a sulphate resistant concrete liner
and the temporary ground support in the shaft that considers both the salinity and sulphate of the groundwater.
Modelling indicates that groundwater flow into the shaft during construction will not require treatment for sulphur
concentrations to meet expected discharge requirements. In addition, the subsurface chemistry in the immediate vicinity
of the DGR is expected to return to high salinity, reducing conditions following repository closure.
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In addition to the supporting geochemical evidence for this assessment, regular monitoring of the shaft(s) during the
construction and operations phases of the repository would detect any issues of groundwater salinities and chemical
compositions that differ from what is expected (and has been observed over the last five years during site
characterization activities and the shaft pilot hole drilling investigations). To date, all site characterization activities
suggest that waters with high sulphur contents are not present at the Bruce nuclear site. Therefore, the potential risk for
corrosion and degradation of repository infrastructure due to reactions involving sulphur species (e.g., steel corrosion,
degradation of concrete) is considered low.
References:
Carter, T.R. and L. Fortner. 2012. Regional bedrock aquifers and a geological groundwater model for southern Ontario.
39th IAH Congress. Niagara Falls, Ontario, Canada. Abstract. (available at
http://www.xcdtech.com/iah2012/iah2012/abstracts/Abs369.pdf)
Hobbs, M.Y., S.K. Frape, O. Shouakar-Stash and L.R. Kennell. 2011. Regional Hydrogeochemistry – Southern Ontario.
Nuclear Waste Management Organization Report NWMO DGR-TR-2011-12 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Stroes-Gascoyne, S. and C.J. Hamon. 2008. Preliminary Microbial Analysis of Limestone and Shale Rock Samples.
Nuclear Waste Management Organization Report NWMO TR-2008-09. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/26_NWMOTR-2008-09_Microbial_Analyses_Sedimentary_Rock.pdf)

EIS-08-317

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

Describe the sampling method used to protect the samples from contamination by drilling fluids.

Opportunistic water samples were acquired and analysed during the drilling of DGR-1 to DGR-8.
OPG Response:
In order to assess drilling fluid contamination, all drill waters were tagged with a tracer, sodium fluorescein (NaFl), in the
field. The methodology to correct for drill fluid contamination in the Opportunistic Groundwater (OGW) samples (DGR-1
through DGR-6) is summarized below and can be found described in the relevant Technical Reports (Jackson and
Heagle 2010, Section 3; and Heagle and Pinder 2010) and in the Descriptive Geosphere Site Model (INTERA 2011,
Section 4.5.2). Opportunistic groundwater sampling methods are further described and stipulated in Test Plan developed
1081

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
as part of the Project Quality Plan (Jackson and Clark 2007; Jackson et al. 2008 and Heagle 2009).
Once each permeable horizon identified for OGW sampling was reached, drilling was halted, a packer was inflated
above the sampling interval, and drilling fluid was circulated in the borehole. The fluid was sampled when it returned to
surface, and was identified as the ‘drill water return’, which provided a representative sample of the drilling fluid
chemistry for that particular sampling horizon.
Prior to collection of the opportunistic groundwater samples, the waters were purged from the isolated permeable
horizon(s) by swabbing the drill rods. Swabbing deploys a rod-like device into the drill rods down to the top of the
packer. The rod is pulled to the surface as rapidly as possible, pulling both drilling fluid and groundwater to surface.
During the DGR sampling campaign, each swab purged, on average, 70 L from the test interval and the drill tubing.
Following each purge, the groundwater was analyzed in the field for the NaFl concentration and electrical conductivity
(EC). Collection and analysis of the OGW samples only occurred in the field when on-site estimates of drilling fluid
contamination (using the measurements of NaFl) were <3% and EC values between sequential purges had stabilized
(i.e., similar values obtained between purges).
Sampling was carried out by collecting fluid in the drill rods by one of three methods, which are detailed in Jackson and
Heagle (2010) and Heagle and Pinder (2010). The first method used a submersible Grundfos pump to bring the
groundwater to surface (when the water level in the drill rods was 70 m below ground surface or less). The second
method used Westbay sampling containers to retrieve the groundwater (when the water level was too deep to pump
using the Grundfos). The third method was only used for the Cambrian formation and involved the installation of a valve
on the top of the drill rods to control the rate of groundwater flow due to the flowing artesian conditions encountered in
the Cambrian aquifer. It should be noted also that OGW samples from the Cambrian (OGW-6, OGW-7, OGW-10 and
OGW-13) were not swabbed and purged. Flowing artesian conditions in the Cambrian provided a natural purge of the
drill fluid from the borehole. For all three sampling methods, groundwater was discharged directly into two seriallyconnected flow cells at surface (see Figure 1 below), where electrodes measured pH, dissolved oxygen (DO),
temperature, and redox conditions (Eh). Additional groundwater samples were collected for both colourimetric and
alkalinity testing in the field as well. Colourimetric tests for DO, iron and sulphide were performed (visual inspection only)
in order to validate the DO and redox results from the flow cells.
Aliquots of the samples for laboratory analysis were preserved on-site (by filtration and acidification, where appropriate)
and shipped to various laboratories for additional and confirmatory analyses. Additional aliquots exist as archived
samples within the Core Storage Facility at the Bruce nuclear site as well.
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Figure 1: Serially-connected Flow Cells, with Electrodes Connected to Digital Voltmeters
Drilling fluid contamination was estimated further in the laboratory using tritium (3H) analysis. Although NaFl and EC
were used as the field indicators for drill fluid contamination, tritium is considered to be the key parameter for calculating
the percent drill fluid contamination because tritium is assumed to not be present in the formation waters where OGW
samples were taken. All final OGW concentrations, corrected for drill water contamination, are based on the results of
3
H analyses.
The OGW samples are expected to be representative of groundwater compositions due to the extensive purging
activities prior to collection, resulting in minimal drilling fluid contamination.
References:
Heagle, D. 2009. DGR-5 and DGR-6 Opportunistic Groundwater Sampling and Analysis, Intera Engineering Ltd. Test
Plan TP-09-03, Rev. 1, Ottawa, Canada.
Heagle, D. and L. Pinder. 2010. Opportunistic Groundwater Sampling in DGR-3 and DGR-4. Intera Engineering Ltd.
Report TR-08-18, Rev.1. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
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Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Jackson, R. and D. Heagle. 2010. Opportunistic Groundwater Sampling in DGR-1 and DGR-2. Intera Engineering Ltd.
Report TR-07-11, Rev.2. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Jackson, R. and I. Clark. 2007. DGR-1 and DGR-2 Opportunistic Groundwater Sampling and Analysis. Intera
Engineering Ltd. Test Plan TP-06-11, Rev. 5. Ottawa, Canada.
Jackson, R., K. Raven and I. Clark. 2008. DGR-3 and DGR-4 Opportunistic Groundwater Sampling and Analysis.
Intera Engineering Ltd. Test Plan TP-08-05, Rev. 3. Ottawa, Canada.

EIS-08-318

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Discuss the long-term plans for the archiving of the drill core acquired by DGR-1 to DGR-8 such that the geological value
of the core may be preserved.
Context:
No context required.
OPG Response:
Drill core from boreholes DGR-1 to DGR-8 is currently preserved at the OPG core storage facility on the Bruce nuclear
site, with a long-term plan to archive the core at the Oil Gas and Salt Resources (OGSR) Library in London, Ontario.
These eight boreholes were drilled under licence from the Ontario Ministry of Natural Resources (MNR) in accordance
with the Oil Gas and Salt Resources Act and Provincial Operating Standards (OGSR 2002). Section 13.7 of the
Operating Standards requires the operator to ensure that no core is destroyed, except for the purposes of analysis, and
that cores are delivered to the OGSR Library at the operator’s expense within one year after the TD (total depth) date of
the well.
In consideration of potential DGR project requirements during licencing, the MNR has approved in writing a departure
from Section 13.7 that allows for the core (approximately 4700 m) to be kept at the DGR core storage facility, building
OBD (B25, RR#3, Tiverton, Ontario) until 2019 (MNR 2012). At that time the core must be delivered to the OGSR library
for permanent archiving, if an extension to the agreement is not sought.
At the time of core collection, prior to any sampling, a series of six overlapping high resolution digital photographs are
taken of each 3 m core run, and archived in DGR project records. Core remaining after sampling is stored in 3 m
capacity wooden core boxes labeled with the borehole, core run and licence numbers, date retrieved and top and bottom
depths. Core orientation is maintained by two different coloured lines drawn along the core axis to indicate the “up
borehole” direction. Wooden core blanks replace core selected for preservation and testing in the core boxes and all
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core blanks are labeled as to core sample number, the length of sample, and the purpose of the sample analysis. The
boxes are shelved sequentially and the facility is climate controlled with security controlled access. Remaining vacuum
sealed archival samples are kept in refrigeration at temperatures between 4 and 10°C and a database of the samples is
maintained.
References:
OGSR. 2002. Provincial Operating Standards, Version 2.0. Approved by the Ministry of Natural Resources on March
27, 2002. Produced by the Oil, Gas and Salt Resources Library under licence from Ontario Ministry of Natural
Resources. Queens Printer for Ontario, 2002.
MNR. 2012. Letter from MNR to Mark Jensen, “Request for Departure from Provincial Standards under the Oil, Gas
and Sail Resources Act – Well Licences 11582,11583,11811,11812,11926, 12102 and 12103. Core Maintenance,
S.13.7, Provincial Standards”, April 10, 2012.

EIS-08-319

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide a geological explanation for the highly fractured bedrock above and including parts of the Salina Group, and
comment on its relevance to the integrity of the proposed repository.
Context:
The Rock Quality descriptions of DGR-3 and DGR-4 document highly fractured bedrock above and including parts of the
Salina Group.
OPG Response:
The near-surface bedrock beneath the Bruce nuclear site comprises Devonian carbonate rocks underlain by Silurian
carbonates, evaporites and shales (INTERA 2011, Figure 3.2). Rock quality within the DGR boreholes is displayed in
Figure 3.4 of INTERA (2011), indicating that the upper 170 m of bedrock to the top of the Salina Group contains a high
concentration of fractures, which decrease in frequency as depth increases. Within the Salina formation, good to
excellent rock quality is observed, except for minor intervals within the Salina that correspond to salt dissolution horizons
within the Salina B and D units (INTERA 2011, Section 6.1). The fractures observed in these Devonian and Silurian
formations are attributed principally to the dissolution of the Salina salt units, specifically the B-salt, which coincided with
large scale tectonic events at the margins of the North American plate during the Paleozoic (AECOM and ITASCA
CANADA 2011, Section 4.2.6).
The observed fracturing in the sediments described above can influence permeability distributions within the nearhorizontally layered sedimentary sequence. Contributions to rock mass permeability will be influenced by karst process
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(WORTHINGTON 2011), lithostatic loading, dolomitization, evaporate and calcite fracture cementation and infilling
(AECOM and ITASCA CANADA 2011, Section 7.5; Cruden 2011, Section 5.5). Among other factors, the observed
sedimentary sequence stratigraphy, formation permeabilities, and both groundwater and porewater chemistries were
used to derive a conceptual hydrogeologic model of the site (INTERA 2011, Section 4.13). This conceptual model
captures the physical and chemical aspects of the groundwater system within the sedimentary sequence as described by
Sykes et al. (2011, Section 2.6) and NWMO (2011, Section 5). Numerical groundwater system analyses, coupled with
evidence from site specific analogues of environmental tracer and hydraulic head distributions within the sedimentary
sequence, strongly support a conclusion that Ordovician sediments in which the DGR would be positioned is isolated
from the systems occurring in the overlying Salina Group, upper Silurian and Devonian sediments. This is reflected
within the postclosure safety assessment as described by OPG (2011, Section 8).
In summary, characterization of the groundwater system within the sedimentary sequence beneath the Bruce nuclear
site illustrates that the fractured rock above the Salina Group has no influence on the long-term integrity and safety of the
proposed DGR. The shallow and intermediate groundwater systems associated with these bedrock formations are
isolated from the Ordovician deep-seated diffusion-dominated groundwater system that is proposed to host the DGR.
The aforementioned postclosure safety assessment, through analyses of repository normal evolution and extreme or
‘what if’ scenarios, provides further information and assurance that the shallow and intermediate systems are not
material to DGR integrity or the safety case.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization report NWMO DGR-TR-201143 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeological Modelling. Nuclear Waste Management Organization
report, NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
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www.nwmo.ca/dgrgeoscientificsitecharacterization)
WORTHINGTON. 2011. Karst Assessment. Worthington Groundwater report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-22 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-08-320

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide evidence that the EIS and Geology TSD were reviewed and approved by an individual licensed to practice
geoscience in the province of Ontario.
Context:
No context required.
OPG Response:
Geoscientific investigations demonstrating that the DGR facility will protect the environment and humans are presented
in the Geosynthesis (NWMO 2011). The results and conclusions in the Geosynthesis are used to inform the Geology
Technical Support Document (TSD) (GOLDER 2011) and the Environmental Impact Statement (OPG 2011) on
geoscientific matters. The Geosynthesis was reviewed (R. Leech) and approved (M. Jensen) by registered members of
the Association of Professional Geoscientists of Ontario (APGO). The Geology TSD and the geology section of the EIS
were prepared by an APGO registered member (C. Kelly) or professional geoscientist in training working under the
supervision of an APGO registered member (M. Jensen), and reviewed by an APGO registered member (G. Schneider).
APGO member registration can be confirmed by visiting the APGO website at http://www.apgo.net/membersearch.php
where a list of registered members is maintained.
References:
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report to the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011. Geosynthesis. Nuclear Waste Management report NWMO DGR-TR-2011-11 R000. Toronto, Canada.
(CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 2. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
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 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

On page 29 of the Atmospheric Environment TSD, the proponent states that rather than treat all possible effects, they
will focus on valued ecosystem components. The MOE stated that this approach does not satisfy MOE protocols.

Evaluate the concentration of all emitted species for which the Ontario Ministry of the Environment (MOE) has standards.
Context:

The MOE requires that air quality be evaluated based upon property boundary contaminant concentrations. The
determination of critical concentrations has been accomplished by ministry toxicologists who have taken a broad
spectrum of endpoints into the consideration when determining acceptable levels. Evaluation cannot be based on the
effect of emissions upon a narrow environmental subset.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 4) describes the approach
used to identify the Valued Ecosystem Components (VECs) (air quality and noise) and the indicators used to evaluate
the effects of the DGR Project on the VECs. OPG’s response to Information Request (IR) EIS-04-138 (OPG 2012)
provides further rationale for the selection of indicators for the air quality VEC.
However, air emissions of all compounds, even those emitted in small quantities from the DGR Project and not selected
as air indicators, were considered important as inputs to the human health assessment. Predicted maximum
concentrations of these compounds at selected health receptors were included in Appendix J to the Atmospheric
Environment TSD (GOLDER 2011). Tables 2, 3 and 4 in OPG’s response to IR-EIS-04-138 (OPG 2012) provide the
respective existing, site preparation and construction, and operations phase maximum off-site (i.e., property boundary)
concentrations for those compounds not selected as indicator compounds. Table 5 in OPG’s response to IR-EIS-04-138
(OPG 2012) lists the available Ontario Ambient Air Quality Criteria (AAQC) values (MOE 2008) for those compounds that
are potentially emitted from the Project Works and Activities, but were not selected as indicator compounds.
OPG’s response to IR-EIS-04-141 (OPG 2012) also presents the maximum predicted off-site (i.e., property boundary)
concentrations for each of the indicator compounds and the distance from the maximum concentration to each of the
human health receptors. The locations of the maximum concentrations and the human health receptors were shown on
Figure 1 (OPG 2012).
As described in the Atmospheric Environment TSD (GOLDER 2011, Section 13.2), OPG acknowledges that an ECA
(Environmental Compliance Approval [formerly Certificate of Approval (Air)]), will be required for the operation of any
equipment that may discharge a contaminant to the atmosphere. The ECA application for air emissions from the project
will be completed in accordance with O.Reg. 419 and/or regulations relevant at the time of submission.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2008. Ontario's Ambient Air Quality Criteria. Ministry of Environment, Standards Development Branch.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
EIS-08-322

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Explain why there is no mention of airborne radionuclides in the air emissions analysis. Provide information on the
characteristics of excavated rock with respect to the potential for increases in inhalable silicates, trace metals, and
metalloids.
Provide an estimate of PAH emissions for the site preparation and construction phases.
Context:
The indicator compounds listed in Table 4-1 on page 30 of the Atmospheric Environment TSD, are nitrogen dioxide,
sulphur dioxide, carbon monoxide, suspended particulate matter, inhalable particulate (PM10), and respirable particulate
(PM2.5). These seem to be related to sources such as construction and combustion.
OPG Response:
As stated on page 32 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011), “Only nonradioactive compounds were considered in the atmospheric environment assessment. The assessment of radiological
emissions has been included as part of the assessment presented in the Radiation and Radioactivity TSD.”
Discussion on the incorporation of dust generated by the trucking and dumping of waste rock into the air quality model is
provided in OPG’s response to Information Request (IR) EIS-04-148 (OPG 2012).
Estimates of trace metal, volatile organic compound (VOC) and polycyclic aromatic hydrocarbon (PAH) emissions for the
site preparation and construction phase for each of the off-site human health receptor sites are provided in Appendix J of
the Atmospheric Environment TSD (GOLDER 2011). Maximum predicted trace metal, VOC and PAH concentrations for
both the site preparation and construction, and operations phases are provided in OPG’s response to IR-EIS-04-138
(OPG 2012).
The list of non-indicator air compounds evaluated at the human health receptor locations was based on input from the
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human health team. Metalloids and inhalable silicates would only be emitted from the project as part of the dust
(airborne particulates) released during the construction of the shafts and repository. This is no different than the situation
with any mining or quarrying activity. These particulates form part of the airborne PM10 and PM2.5 used both as air
quality indicators and as inputs to the human health assessment. From a human health perspective, health effects are
associated more closely with the total concentrations of PM10 and PM2.5, rather than the specific constituents present.
In order to evaluate the Valued Ecosystem Component (VEC) air quality, indicator compounds were selected to focus
the assessment. The indicators were selected using the following criteria:



the compounds are likely to be emitted from the DGR Project in measurable amounts during the site preparation
and construction, operations or decommissioning phases of the project; and
the indicators have established regulatory guidelines.

The air quality assessment in the Atmospheric Environment TSD (GOLDER 2011, Section 8.2) considers all of the
sources of the Bruce nuclear site (i.e., stationary and mobile) and evaluates the effects of the site preparation and
construction and the operations phases. Since the predicted project air emission sources are dominated by construction
and combustion engine sources, it stands to reason that the indicators selected would be related to construction and
combustion sources. OPG’s response to IR-EIS-04-138 (OPG 2012) provides additional information on the rationale for
the indicators selected. Compounds that will not be emitted from the DGR Project were not used as indicators.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
EIS-08-323

Information Request:
Apply MOE Guidelines and Standards for comparison with predicted air emissions.
For the current air emissions analysis, indicate whether the benchmarks used were more or less conservative than MOE
benchmarks.
Context:
The proposed benchmarks for various substances are listed on page 31 of the Atmospheric Environment TSD. The
MOE indicated that these do not meet MOE standards and guidelines, such as for the following examples:
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Sulphur Dioxide – 680 ug/m3 – 1 hour value;
Sulphur Dioxide – 275 ug/m3 - 24 hour value;
Carbon Monoxide – 6000 ug/m3 – ½ hour value;
Suspended Particulate 100 ug/m3 – ½ hour value (this will be replaced by the 24 hour value by 2020);
Suspended Particulate – annual AAQC is 60 ug/m3 which is based on a geometric mean; and
Respirable Particulate – 25 ug/m3 (Ministry guidance).

OPG Response:
The air quality assessment in the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) used a
conservative approach to predicting air quality effects from the DGR Project since it included all of the sources at the
Bruce nuclear site (i.e., stationary and mobile), as well as existing and background concentrations in estimating changes
to air quality. In determining the potential for adverse effects, these predicted emissions were compared with the existing
concentrations. As shown in Table 1, the existing concentrations are, in all cases, lower than the Ministry of
Environment (MOE) standards and guidelines.
OPG’s response to Information Request (IR) EIS-05-223 (OPG 2012a, Part d) provides the rationale for the standards
considered in the assessment. If all emitted species were to be evaluated against MOE standards in accordance with
O.Reg. 419/05 guidance, the emissions from construction activities and mobile emissions sources could have been
excluded, resulting in virtually no emissions during the bounding year of the site preparation and construction phase, and
much lower emissions during the operations phase. Such an approach would not have properly represented the
possible effects of the project on the Valued Ecosystem Component (VEC) air quality, nor would it have provided data
that was required when assessing indirect effects on other disciplines (e.g., human health). This would have provided a
less conservative assessment.
As described in Section 8.2 of the Atmospheric Environment TSD (GOLDER 2011), adverse effects were identified in
those cases where the predicted concentrations of the indicator compounds were higher than the existing
concentrations. Adverse effects were then carried forward for a determination of significance in Section 11 of the
Atmospheric Environment TSD (GOLDER 2011). In determining significance, relevant criteria were used to assign a
magnitude for the predicted effects. Table 1 provides a comparison of the Existing Air Quality (used to determine
adverse effects), the criteria used in the TSD (GOLDER 2011) for assigning effect magnitudes, the corresponding
Ontario Ambient Air Quality Criteria (AAQC) and MOE O.Reg. 419/05 standards, and the concentrations predicted for
both the site preparation and construction, and the operation phases.
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Table 1: Summary of Existing Air Quality, AAQC, MOE Standards and Maximum Predictions for Indicator
Compounds
Indicators

Existing Air
Quality
(GOLDER
2011)

“High”
Magnitude
Threshold in
Atmospheric
TSD(a)

AAQC 2012
(MOE 2012a)

MOE
Standards(b)
(MOE 2012b)

Maximum
Predicted Air
Quality Site
Preparation and
Construction
(GOLDER 2011)

Maximum
Predicted Air
Quality
Operations
(GOLDER
2011)

(µg/ m³)

(µg/m³)

(µg/m³)

(µg/m³)

(µg/m³)

(µg/m³)

1-hour NO2

110.4

400

400

400

321.7

151.6

24-hour NO2

26.5

200

200

200

141.2

67.8

Annual NO2

6.8

100

-

-

18.5

7.6

1-hour SO2

318.9

900

690

690

318.9

318.9

24-hour SO2

51.3

300

275

275

51.3

51.3

Annual SO2

5.0

60

55

-

5.0

5.0

1-hour CO

1,580.6

35,000

36,200

-

2,504.2

1,597.8

8-hour CO

1,201.8

15,000

15,700

-

1,595.7

1,202.3

24-hour SPM

71.0

120

120

120(PM44)

276.9

71.5

Annual SPM

25.1

70

60(c)

-

30.7

25.1

24-hour PM10

26.0

50

50

-

75.3

26.9

24-hour PM2.5

15.4

30

30(d)
25(d)

-

45.7

15.9

Notes:
- No standard
a
As detailed in Tables 4.2.1-1 and 11.1.1-1 of the Atmospheric Environment TSD (GOLDER 2011)
b
The applicability of O.Reg. 419/05 standards are discussed in the responses to IR-EIS-01-09 (OPG 2012b), IR-EIS-05-223 (OPG 2012a),
IR-EIS-04-138 (OPG 2012c) and IR-EIS-08-321.
C
Geometric mean
d
The 25 µg/m³ MOE guidelines listed in the Information Request only appears as a footnote to the AAQC table (MOE 2012a). The actual
AAQC listed for PM2.5 is 30 µg/m³. The value of 25 µg/m³ is recommended as a target for PM2.5 resulting from a single facility.
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As shown in Table 1, the benchmarks used for determining adverse effects (i.e., existing air quality) are more
conservative (i.e., lower) than the MOE criteria for all indicator compounds. The table also shows that the benchmarks
used for assigning magnitude in the TSD (GOLDER 2011) are equal to or more conservative than the corresponding
criteria, with the exception of the 1-hour, 24-hour and SO2, as well as the annual suspended particulate matter (SPM). In
addition, there are two PM2.5 criteria, an AAQC value of 30 µg/m³ and a recommended target of 25 µg/m³ for assessing
individual facilities. The AAQC is the same as the benchmark used in the TSD for assessing magnitude, while the single
facility target is slightly lower. However, the use of the MOE criteria for SO2 and annual SPM, and the MOE 24-hour
single facility guideline for PM2.5, would not have altered the resulting significance classifications.
As discussed in OPG’s response to IR-EIS-04-140 (OPG 2012c), the DGR Project will make a minimal contribution to
the SO2 emissions, which are dominated by the existing SO2 emissions at Bruce Power, which are below standards. As
a result, the maximum existing SO2 concentrations do not change as a result of the Project, and no adverse air quality
effects were identified for SO2.
The maximum off-site annual SPM concentration during the site preparation and construction phase was predicted to be
higher than the existing conditions (i.e., an adverse effect), but the concentration of 30.7 µg/m³ was classified as a low
magnitude (i.e., <50% of 70 µg/m³ criteria). If a criterion of 60 µg/m³ were used, the magnitude would change from low
to medium, but the resulting significance rating in accordance with Figure 11.1-1 (GOLDER 2011) would remain “not
significant”.
Additional discussion regarding development of and rationale for the assessment indicators and criteria is provided in
OPG’s responses to IR-EIS-01-09 (OPG 2012b), IR-EIS-05-223 (OPG 2012a), IR-EIS-04-138 (OPG 2012c),
IR-EIS-08-321, IR-EIS-08-324 (OPG 2013), and IR-EIS-08-327.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2012a. Ontario’s Ambient Air Quality Criteria (Sorted by Chemical Abstracts Service Registry Number (CASRN).
Standards Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 15, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079182.pdf)
MOE. 2012b. Summary of Standards and Guidelines to support Ontario Regulation 419/05 - Air Pollution – Local Air
Quality (including Schedule 6 of O.Reg. 419/05 on Upper Risk Thresholds) (Sorted by Contaminant Name). Standards
Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 7, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079181.pdf)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
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Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)

EIS-08-324

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

Context:

Explain why MOE standards and AAQC values for emissions from stationary sources were not applied when considering
project emissions.

On page 31 of the Atmospheric Environment TSD, the proponent suggests that there is some latitude when considering
emissions from selected stationary sources under Ontario Regulation 419/05.
However, MOE indicated that for this Project, no exemptions apply.
OPG Response:
The air modelling presented in the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) was
completed using acceptable practice for an environmental assessment under the Canadian Environmental Assessment
Act, and used an approach similar to that used in previous assessments completed for projects on the Bruce nuclear
site. Consistency with these previous assessments provides a point of reference and context for both stakeholders and
regulators when reviewing the DGR Project effects. The predicted air quality included emissions from all sources at the
Bruce nuclear site and the DGR Project (i.e., stationary and mobile sources) and existing background.
As stated on page 31 of the Atmospheric Environment TSD “… O. Reg 419/05 considers the emissions from selected
stationary sources only. Ontario exempts emission sources associated with construction activities from evaluation (MOE
2007). Similarly, evaluations in accordance with O. Reg. 419/05 do not include considerations of background
concentrations.” This statement is not suggesting that the stationary sources are exempt, but rather that emission
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sources associated with construction activities and vehicular/mobile sources are exempt.
Since the air quality assessment considers all of the sources of the Bruce nuclear site (i.e., stationary and mobile) and
evaluates the effects of construction, it is not appropriate to apply O.Reg.419/05 criteria directly.
If all emitted species were to be evaluated against Ministry of the Environment (MOE) standards in accordance with
O.Reg. 419/05 guidance, the emissions from construction activities and mobile emissions sources would have been
excluded, resulting in virtually no emissions during the bounding scenario (Stage 1) of the site preparation and
construction phase, and much lower emissions during the operations phase, which would not have properly represented
the possible effects of the Project on the Valued Ecosystem Component (VEC) air quality.
As described in the Atmospheric Environment TSD (GOLDER 2011, Section 13.2), OPG acknowledges that an
Environmental Compliance Approval (ECA [formerly Certificate of Approval (Air)]), will be required for the appropriate
emission sources from the DGR Project. The ECA application for air emissions from the Project will be completed in
accordance with O. Reg. 419/05 and/or regulations relevant at the time of application.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2007. Certificate of Approval Exemptions - Air. Ontario Regulation 524/98. Ontario Ministry of Environment.

EIS-08-325

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

Context:

Provide corroborating evidence based upon actual local air monitoring information or other information to demonstrate
that the regional data used in the TSD adequately reflects local atmospheric environment conditions.

On page 35 of the Atmospheric Environment TSD, the proponent states that adequate data is available from existing
sources to characterize regional air quality, and can be used for describing background air quality in the Local Study
Area. Regional air quality is a broad average over a large area. There are variations from one point to another within a
region. MOE has suggested that it is not adequate to use these broad-based values.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) for the DGR Project does not solely
rely on regional monitoring data in describing the existing air quality conditions in the Local Study Area (LSA). Existing
air quality in an area is a combination of the contribution of local sources and the regional air quality. In determining the
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existing air quality conditions for the DGR Project, the effects of the existing local sources at the Bruce nuclear site are
the most important contributions, and broad regional data were not primarily relied on for characterizing the influence of
these sources on the local atmospheric conditions.
As described in Section 5.4 of the Atmospheric Environment TSD (GOLDER 2011) and in OPG’s response to
Information Request (IR) EIS-03-90 (OPG 2012a), the contribution of existing local sources (i.e., the Bruce nuclear site)
to the local atmospheric conditions was done using dispersion modelling. The regional air quality data was then added
to the modelled concentrations to yield the existing air quality. Thus, the existing air quality used in the Atmospheric
Environment TSD (GOLDER 2011) reflects both the regional air quality (from regional data) and local effects of existing
sources (using modelling).
The AERMOD dispersion model used in the assessment was developed jointly by the United States Environmental
Protection Agency and the American Meteorological Society, and has been adopted as the default regulatory model in
Ontario. While the AERMOD model has been thoroughly reviewed and its accuracy verified, there is the potential for
uncertainties associated with the inputs to the model. OPG’s written submission for Technical Information Session #2
(OPG 2012b) provides the considerations that were taken into account when selecting model inputs to reduce model
uncertainties, and to ensure the modelling does not underestimate the potential effects of the DGR Project.
There is a high level of confidence that the predicted existing air quality concentrations are conservative. This
conclusion is based upon the following:



background air quality was taken primarily from the community of Tiverton where air concentrations are
expected to be higher than in other areas of the LSA; and
dispersion modelling tends to over-predict by more than it under-predicts (EIS-03-90 [OPG 2012a]).

In situations where there is a very good understanding of existing sources in an area, or where those existing sources
may have an appreciable effect on short-term, localized air quality, it is common to use dispersion modelling to
determine the existing air quality conditions. As stated in the response to IR-EIS-03-91 (OPG 2012a), air quality in the
LSA can be influenced by compounds travelling from great distances and the overall air quality would be described using
a combination of modelling local sources and monitored background data. Federal regulators indicated (CEAA and
CNSC 2009) that the 90th percentile of the available air quality monitoring data was to be selected and used in describing
background air quality.
Additionally, previous assessments completed in the area used the approach of modelling existing sources in the Site
Study Area for defining existing air quality. Consistency with these previous assessments provides a point of reference
and context for both stakeholders and regulators when reviewing the DGR Project effects. In addition, dispersion
modelling of local sources provides a better description of the spatial distribution of concentrations than can be achieved
through a field monitoring program. Therefore, the spatial distribution of the existing concentrations is consistent with the
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spatial distribution of concentrations predicted for the DGR Project.
References:
CEAA and CNSC. 2009. Bruce Power New Nuclear Power Plant Project – Review of the Environmental Impact
Statement and Application for a Licence to Prepare a Site. Canadian Environmental Assessment Agency (CEAA) and
Canadian Nuclear Safety Commission (CNSC) Letter to Mr. Duncan Hawthorne, Bruce Power on March 11, 2009.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #3”, CD# 00216-CORR-00531-00117, July 9,
2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the October 11, 2012 JRP Technical Information Session #2”, CD# 00216-CORR-0053100142, October 3, 2012. (CEAA Registry Doc# 758)

EIS-08-326

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Confirm that the data used in the Atmospheric Environment TSD was approved by appropriate MOE staff.
Similarly, confirm that the data presented in Figure 5.3.4-1 on page 45 of the Atmospheric Environment TSD was
reviewed by appropriate Ministry staff.
Context:
In Section 5.3.1 of the Atmospheric Environment TSD, the proponent speaks to the use of a local meteorological data
set. The MOE indicated that while the use of a local data set may be appropriate in certain cases, the MOE requires that
all such data be approved by modelling staff at the Ministry’s Environmental Monitoring and Reporting Branch (EMRB).
Furthermore, a comparison was made between the meterological data used in the TSD and slightly more recent data
from Environment Canada’s station in Kincardine. The two data sets are slightly different. MOE suggested that while the
differences are not profound, they underline the need to have the data be reviewed by MOE staff.
OPG Response:
The air modelling presented in the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) was
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completed using acceptable practice for an environmental assessment under the Canadian Environmental Assessment
Act, and used an approach similar to that used in previous assessments completed for projects at the Bruce nuclear site.
Consistency with these previous assessments provides a point of reference and context for both stakeholders and
regulators when reviewing the DGR Project effects.
As described in the Atmospheric Environment TSD (GOLDER 2011, Section 13.2), OPG acknowledges that an
Environmental Compliance Approval (ECA [formerly Certificate of Approval (Air)]), will be required for the relevant
emission sources of the DGR Project, and that approval by the Ministry of Environment (MOE) to use local
meteorological data is required under section 13 of O. Reg. 419/05. The ECA application for air emissions from the
project will be completed in accordance with O. Reg. 419/05 and/or regulations relevant at the time of submission.
A description of the development of and rationale for the meteorological data used in the environmental assessment is
provided in the Atmospheric Environment TSD (GOLDER 2011; Appendix C, Section C2.2). The decision process used
in selecting the appropriate data to use in the modelling is illustrated in Figure C2.2-1 of the Atmospheric Environment
TSD (GOLDER 2011). A description of the QA/QC process for the meteorological data was provided in the OPG’s
response to Information Request (IR) EIS-01-10 (OPG 2012).
As discussed in the Atmospheric Environment TSD (GOLDER 2011; Appendix C, Section C2.3), prior to developing a
dispersion meteorology data set, on-site meteorological observations were compared with selected archived weather
maps to identify whether the data recorded at the Bruce nuclear site matched with regional weather patterns. This
comparison was done by a Canadian Meteorological and Oceanographic Society certified meteorologist. As noted in the
context above, in general the archived weather patterns matched the on-site observations reasonably well.
The regional meteorological modelling data set recommended for use by the MOE at the Bruce nuclear site is based on
surface data from Pearson International Airport in Toronto and upper air observations from Buffalo, NY. The regional
meteorological data from Pearson International Airport were not considered to be suitable for use in this assessment for
evaluating the emissions from the DGR Project since the facility is located 170 km to the west, on the shores of Lake
Huron, and will be greatly influenced by winds and weather across the lake (GOLDER 2011, Appendix C).
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
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 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

Context:

Revise the adverse effects analyses in the Atmospheric Environment TSD by applying MOE standards and AAQC in
assessing effects for the Air Quality VEC.

In Section 8.1.1.1 of the Atmospheric Environment TSD, it is stated that for the air quality VEC, adverse effects are
considered to be likely if the maximum concentrations of the air quality indicators resulting from the project are predicted
to be higher than the maximum concentrations for the air quality indicators for the existing conditions. The MOE noted
that it has established standards and AAQC in order to provide benchmarks for evaluating air concentrations of
pollutants that should be used.
OPG Response:
As described the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 8.2), changes
in predicted concentrations were identified as adverse effects when the predicted concentrations were higher than the
maximum existing concentrations. During the site preparation and construction phase, nine indicators were identified as
having adverse effects (GOLDER 2011, Table 8.2.3-6), while only eight indicators were identified as having adverse
effects during the operations phase (GOLDER 2011, Table 8.2.3-7). Each of these adverse effects was carried forward
for the determination of significance in Section 11 of GOLDER (2011).
Table 1 below compares the Ontario Ambient Air Quality Criteria (AAQC) (MOE 2012a), the Ministry of Environment
(MOE) standards (MOE 2012b), the values for the existing conditions used in the analyses of the adverse effects for the
indicators used in the Atmospheric Environment TSD (GOLDER 2011) and the predicted maximum concentration of air
quality indicators for the DGR Project. In all cases, the existing air quality conditions are lower than the corresponding
AAQC or MOE standard.
If the AAQC and MOE standards had been used for defining adverse effects, only three indicators would have been
identified as adverse effects during site preparation and construction phase (considerably less than the nine identified in
the TSD (GOLDER 2011), and no adverse effects would have been identified during operations (eight adverse effects
were identified in the TSD (GOLDER 2011)).
In its response to Information Request (IR) EIS-08-324 (OPG 2013), OPG provides an explanation for the benchmarks
selected. Revising the adverse effects analyses using the AAQC or the MOE standards would result in a substantially
less conservative assessment of effects.
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Table 1: Summary of Existing Air Quality, AAQC, MOE Standards and Maximum Predictions for
Indicator Compounds
Existing Air
Quality

AAQC 2012
(MOE 2012a)

MOE Standards(b)
(MOE 2012b)

Maximum
Predicted Air
Quality Site
Preparation and
Construction

Maximum
Predicted Air
Quality
Operations

(µg/m3)(a)

(µg/m3)

(µg/m3)

(µg/m3)(a)

(µg/m3)(a)

1-hour NO2

110.4

400

400

321.7

151.6

24-hour NO2

26.5

200

200

141.2

67.8

Annual NO2

6.8

-

-

18.5

7.6

1-hour SO2

318.9

690

690

318.9

318.9

24-hour SO2

51.3

275

275

51.3

51.3

Annual SO2

5.0

55

-

5.0

5.0

1-hour CO

1,580.6

36,200

-

2,504.2

1,597.8

8-hour CO

1,201.8

15,700

-

1,595.7

1,202.3

71.0

120

120(PM44)

276.9

71.5

Annual SPM

25.1

(d)

-

30.7

25.1

24-hour PM10

26.0

-

75.3

26.9

-

45.7

15.9

Indicators

24-hour SPM

24-hour PM2.5

15.4

60

50
(c)

30

Notes:
Bold Adverse effect relative to AAQC/MOE Standards
- No standard
a

GOLDER 2011.

b

The applicability of O.Reg. 419/05 standards are discussed in OPG’s responses to IR-EIS-01-09 (OPG 2012a), IR-EIS-05-223 (OPG 2012b),
and IR-EIS-08-321.

c

Canada-wide standard.

d

Geometric mean.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2012a. Ontario’s Ambient Air Quality Criteria (Sorted by Chemical Abstracts Service Registry Number (CASRN).
Standards Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 15, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079182.pdf)
MOE. 2012b. Summary of Standards and Guidelines to support Ontario Regulation 419/05 - Air Pollution – Local Air
Quality (including Schedule 6 of O. Reg. 419/05 on Upper Risk Thresholds) (Sorted by Contaminant Name). Standards
Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 7, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079181.pdf)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS-08-328

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

Context:

Provide a description of the planned mitigation measures to be taken during site preparation and construction stages to
ensure that there will be no residual adverse effects from air emissions on VECs.

Section 8.1.2 of the Atmospheric TSD states that when an assessment of effects indicates that an adverse effect on one
of the atmospheric environment VECs is likely, technically and economically feasible mitigation measures are proposed
to address the identified effect. The MOE stated that it expects that the proponent will design its program to avoid
adverse effects and that if the proponent intends to offer mitigation measures, the MOE must be given sufficient
evidence that the final plan will avoid adverse impact.

1101

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011, Table 7.7.2-1) and the Atmospheric Environment Technical
Support Document (TSD) (GOLDER 2011, Table 8.2.2-1) identify the mitigation measures that were considered integral
to the project and included in the modelled assessment results. The mitigation measures included vehicles which meet
Tier 2 emissions standards. Further mitigation, to avoid adverse effects, could include increasing the requirement to
meet Tier 3 or Tier 4 emission standards which would further reduce NO2, CO, and particulate emissions.
OPG’s response to Information Request (IR) EIS-04-137 (OPG 2012) provided specific mitigation measures for
particulates. The DGR EA Follow-up Monitoring Program (NWMO 2011, Table 3a) provides information on a monitoring
program which will be implemented to assess the effectiveness of the mitigation measures.
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 4.1) identifies two Valued
Ecosystem Components (VECs) for the assessment of effects on the Atmospheric Environment: air quality and noise
levels. The basis for assessing whether or not a potential effect on the Air Quality VEC was adverse considered whether
there was a measurable increase in indicators relative to existing background concentrations for that indicator. The
EIS (OPG 2011, Section 7.7.2.3) identified a potential adverse effect to the Air Quality VEC as a result of increases
relative to existing background concentrations for the following indicators for the Air Quality VEC: nitrogen dioxide (NO2),
carbon monoxide (CO), suspended particulate matter (SPM), and particulate matter (PM10, and PM2.5) emissions during
the site preparation and construction phase.
Regulatory criteria were relied on when assigning effects magnitudes for air quality as part of determining the
significance of residual adverse effects (GOLDER 2011, Section 11). The regulatory criteria considered included:
National Ambient Air Quality Objectives, Ontario Ambient Air Quality Objectives (AAQC) (MOE 2008), and Canada-Wide
Standard.
MOE indicates “An AAQC is a desirable concentration of a contaminant in air, based on protection against adverse
effects on health or the environment” (MOE 2008). Environment Canada states that “National ambient air quality
objectives have traditionally been the benchmark against which Canada assesses the impact of anthropogenic activities
on air quality and ensures that current emission control policies are protecting human health and the environment”
(ENVIRONMENT CANADA 2012).
References:
ENVIRONMENT CANADA. 2012. National Ambient Air Quality Objectives. (accessed on January 11, 2013 at
http://www.ec.gc.ca/rnspa-naps/default.asp?lang=En&n=24441DC4-1).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
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Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2008. Ontario's Ambient Air Quality Criteria. Standards Development Branch, Ontario Ministry of the
Environment.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)

EIS-08-329

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Provide more detail in the air quality assessment results in Section 8.2.3.2, including maps outlining off-property
concentrations of the various modelled species, tables of maxima and averages, and frequencies of high values.
Context:
Results of the air quality assessment are presented in section 8.2.3.2 in the Atmospheric Environment TSD. The MOE
indicated that considerably more detail is required in this section for a full evaluation, including separate tables and maps
for different stages of the project.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) provides a comprehensive
evaluation of the air quality effects associated with the DGR Project, including details regarding emissions, source
configurations and modelling options in Appendix F to the TSD. The TSD also lists the maximum off-site concentrations
for the indicator compounds predicted during the site preparation and construction phase, as well as during the
operations phase. Predicted concentrations of all compounds emitted from the DGR Project at identified health
receptors, including maximum, averages and percentiles were provided in Appendix J to the TSD.
Tables and figures showing the maximum off-site concentrations for all species emitted during the site preparation and
construction phase of the DGR Project are included as part of OPG’s response to Information Request (IR) EIS-04-141
(OPG 2012). The maximum predicted off-site concentrations for each of the emitted compounds and the distance from
the maximum concentration to each of the human health receptors are tabulated. Additionally, the locations of the
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maximum concentrations and the human health receptors were shown on Figure 1 enclosed with the response to IREIS-04-141 (OPG 2012).
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)

EIS-08-330

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

Appendix F of the Atmospheric Environment TSD contains emission calculations based upon EPA standard formulae.
However, they have been modified by a term to account for near field loss which is not specifically discussed in the text.

Provide a specific discussion on the modification of emission calculations and justify its use for this project.
Context:

OPG Response:
Project-related effects on air quality were predicted using dispersion modelling as described in Section 7.7 of the
Environmental Impact Statement (OPG 2011). Emissions during the site preparation and construction phase and
operations phase of the DGR Project, including emissions from on-site construction roads, were calculated using
specifications provided in the Project Description (OPG 2011, Section 4) and internationally accepted emission factors
(i.e., AP-42 [EPA 1995] and MOBILE6.2 [EPA 2003]). Information on the modelling methods, including sample
calculations, is provided in detail in Appendix F of the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011).
As described in OPG’s response to Information Request EIS-04-137 (OPG 2012), emissions along unpaved roadway
segments were assessed based on both the type of roadway and traffic data. An emission estimates equation from the
U.S. Environmental Protection Agency (EPA) (1995, Chapter 13.2.1) was used to determine the fugitive dust emission
factor from paved roads:
.

2
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where:
E = particulate emission factor (having units matching the units of k),
k = particle size multiplier for particle size range and units of interest (GOLDER 2011, Table F4.1.1-1),
sL = road surface silt loading (grams per square metre) (g/m²),
W = average weight (tons) of the vehicles traveling the road,
C = emission factor for 1980's vehicle fleet exhaust, brake wear and tire wear (see below), and
0.25 = reduction of fugitive dust emissions (Watson and Chow 2000).
A conservative correction factor to reduce emissions by 75% was incorporated into the emission rates. This modification
was incorporated to account for biases that result in higher predicted concentrations along roadways in both the
emission estimates and the AERMOD dispersion model used to predict the emissions. Reasons for over predictions of
air quality parameter concentrations close to the roadways relative to actual values were outlined in OPG’s response to
EIS-04-137 (OPG 2012) and are reiterated below:







The layout of the facility is such that many roads are located in areas where there are large structures (building,
equipment and other physical obstructions such as waste rock piles) located between the roads and the property
line. These structures physically block the transport of dust off-site. There has been extensive research on the
estimation of the “transportable fraction” of fugitive dust, based on different urban settings. Recent research by
the U.S. EPA (2005) provides ranges of “capture fraction” (i.e., percentage of dust captured by structures and
consequently not transported off-site) for various land use types. For an urban setting, with structures ranging
from 5 to 50 m in height, the estimated range of capture fraction is 25% to 75%.
The air modelling did not account for plume depletion that results from the reduction of airborne particles through
deposition.
There has been extensive research on the estimation of “transportable fraction” of fugitive dust from roadways.
A study done by the Desert Research Institute in Nevada showed a large (i.e., greater the 90%) decrease in dust
concentration within 100 m of an unpaved road (Watson and Chow 2000). A value of 75% reduction has been
suggested beyond 50 m for unpaved roadway emissions. This value would increase at greater distances.
When the roads are wet or snow-covered, the emissions will be reduced or eliminated. However, recent studies
confirm that the benefits of snow or rainfall last several days after precipitation occurs. Review of historical
normals for the Wiarton meteorological station found that on average there are 183 days with measurable
precipitation (greater than 0.2 mm) and 115 days with greater than 1 cm of snow on the ground. Therefore,
roads can be considered wet or snow covered for a significant portion of the year.

The above noted biases and emission estimates are cumulative, that is to say they would work together to reduce
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emissions and the reductions should be multiplied to estimate a total reduction. The combination of dust reductions from
physical obstructions, dust transport with distance and precipitation would act cumulatively and the estimated dust
reduction would be greater than each acting individually (i.e., > 75%). Therefore, a 75% correction factor to account for
the above biases was incorporated into the emission rates; in reality the natural reduction would be higher.
References:
EPA. 1995. Compilation of Air Pollutant Emission Factors. Volume 1: Stationary Point and Area Sources. Document
AP-42 (and updates). U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards. Research
Triangle Park, North Carolina.
EPA. 2003. User’s Guide to MOBILE6.1 and MOBILE6.2. EPA420-R-03-010. Mobile Source Emission Factor Model.
U.S. Environmental Protection Agency, Office of Transportation and Air Quality, Assessment Standards Division.
Research Triangle Park, North Carolina.
EPA. 2005. Methodology to Estimate the Transportable Fraction (TF) of Fugitive Dust Emissions for Regional and
Urban Scale Air Quality Analyses. (8/3/2005 Revision). U.S. Environmental Protection Agency.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-2011-TR-02 R000. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. (CEAA Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
Watson and Chow. 2000. Reconciling Urban Fugitive Dust Emissions Inventory and Ambient Source Contributions
Estimates: Summary of Current Knowledge and Needed Research. Desert Research Institute. Reno, Nevada.

EIS-08-331

 Section 10.2.7
Physical and
Cultural Heritage
Resources

Information Request:
Identify if there are any cultural landscapes, structures, marine archaeology and engineering works of cultural heritage
value within the regional, local and site study areas that could be affected, either directly or indirectly, by the proposed
DGR. Describe the potential effects on these sites.
Context:
Section 6.10.6.2 of the EIS focuses only on archeological assessment. There is no indication whether there are any
cultural landscapes, structures, marine archaeology and engineering works of cultural heritage value within the regional,
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local and site study areas that could be impacted, either directly or indirectly.
OPG Response:
Information regarding cultural heritage features is provided in the Socio-economic Environment Technical Support
Document (TSD) (AECOM 2011). Section 5.6 (Physical Assets) includes a discussion under the community character
subsection (i.e., Section 5.6.3.3) of the views of structures at the Bruce nuclear site. Section 5.7.1 (Inverhuron Provincial
Park) provides a description of the Park and its current uses. Section 5.7.2.1 (Cultural and Heritage Resources)
provides an expanded discussion of cultural heritage at the Bruce nuclear site prior to its establishment. Following the
establishment of the Bruce nuclear site in the 1960s, all activities at the site have been associated with the operations of
the nuclear facilities. As described in Section 1.2.3.1 of the Environmental Impact Statement (EIS) (OPG 2011), the
surface facilities associated with the DGR Project will be located on vacant, OPG-retained lands to the north of the
existing Western Waste Management Facility, within the Bruce nuclear site.
The effects of the project on these cultural features are included in the Socio-economic Environment TSD (AECOM
2011; Sections 8.5.3.1, 8.6.1.1, and 8.6.2.1), and summarized in the EIS (OPG 2011, Section 7.10.2.13). The SocioEconomic TSD indicates that the DGR will:







have a minor visual effect that is not likely to influence existing or planned land uses;
not likely affect access to Inverhuron Provincial Park;
not change the demand for recreational opportunities provided by the park;
not have any effect on the park as a result of stigma;
not likely affect the Bonnett cultural heritage feature (Section 8.6.2); and
not likely affect any unknown Euro-Canadian cultural heritage features, including deeply buried ones.

OPG’s response to Information Request EIS-08-332 (OPG 2013) provides information on registered heritage buildings
and structures in the Local Study Area. The DGR Project is predicted to have no effects on these heritage buildings and
structures.
Although there are shipwrecks located in Lake Huron near Kincardine and also in the Regional Study Area, (Maritime
History of the Great Lakes), there are none in the Site Study Area. The DGR Project is not predicted to have a direct or
indirect impact on any marine archeological sites.
References:
AECOM. 2011. Socio-Economic Environment Technical Support Document. AECOM Canada Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
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Maritime History of the Great Lakes. (accessed on February 11, 2013 at
http://images.maritimehistoryofthegreatlakes.ca/results?q=shipwrecks+kincardine&st=kw)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)

EIS-08-332

 Section 10.2.7
Physical and
Cultural Heritage
Resources

Information Request:
Identify if there are any existing buildings or structures within the local and site study areas that are 40 or more years old,
whether they will be removed or demolished for the project, and whether these actions will require consent from the
Ontario Ministry of Tourism, Culture and Sport.
Context:
It is not clear whether there are any existing buildings or structures within the local and site study areas that are 40 or
more years old. If the proponent wants to remove or demolish a building or structure of undetermined cultural heritage
value, it must have consent from the Ministry of Tourism, Culture and Sport.
The DGR Project is located within the Bruce nuclear site on lands which are currently vacant (OPG 2011, Section 1.1.1).
The Kincardine Heritage Register (enclosed) provides a listing of heritage buildings in the Municipality of Kincardine, the
Local Study Area for the Socio-economic assessment. Registered heritage buildings and structures located within
approximately a 10 km distance of the Bruce nuclear site are shown on Figure 1 (at the end of this table).
No buildings, in the Site or Local Study Areas, will be removed or demolished for the Project. Therefore no consent will
be required from the Ontario Ministry of Tourism, Culture and Sport.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
Municipality of Kincardine. Heritage Registry. (enclosed)
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 Section 10.2.7,
Physical and
Cultural Heritage
Resources

Information Request and Response

Information Request:
Provide the status of the Stage 1 Archaeological Assessment for the Deep Geologic Repository Project, as well as the
revisions requested in 2008.
Confirm whether the assessment has been approved by the Ontario Ministry of Tourism, Culture and Sport.
Cite complete and approved archaeological assessments in the EIS and cross reference them to Section 7.0 of the EIS
to see if the information presented there is consistent with the contents of the archaeological assessments.
Context:
In Section 6.9.7.1 of the EIS it is stated that archaeological investigations have been conducted around the Bruce
nuclear site since the 1950s, citing the most recent assessments. The Ministry of Tourism, Culture and Sport indicated
that the Stage 1 Archaeological Assessment report that was submitted to the Ministry has a different Project Information
Form (P097-025-2006). In 2008, it was reviewed and the Ministry requested revisions from OPG. No revisions have
been received to date and the Ministry has not received a report that meets its standards.
Assessments have to be completed under the Archaeological Assessment Technical Guidelines (1993) and must be in
compliance with the Standards and Guidelines for Consultant Archaeologists (2011) and the terms and conditions of the
archaeological licence.
All complete and approved archaeological assessments should be referenced in the EIS and reviewed to see if the
existing information in Section 7.0 of the EIS is still valid.
OPG Response:
Based on discussion with the Ministry of Tourism, Culture and Sport, a Project Information Form (PIF) has been issued
for OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. The Stage 1 Archaeological Assessment
was submitted to the Ministry of Tourism, Culture and Sport under PIF P097-025-2006, which was issued for the DGR
Project. Comments from the Ministry were provided to the archaeologist in 2008. The Stage 1 Archaeological
Assessment is currently under revision to address the comments however, the comments will not alter the information
and conclusion presented in the Socio-economic Environment Technical Support Document (AECOM 2011), or those
summarized in the Environmental Impact Statement (OPG 2011).
OPG will have the Stage 1 Assessment completed in compliance with the Standards and Guidelines for Consultant
Archaeologists (2011) and the terms and conditions of the archaeological licence and submitted to the Ministry of
Tourism, Culture and Sport by May 31, 2013.

1110

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

References:
AECOM. 2011. Socio-Economic Technical Support Document. AECOM Canada Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MINISTRY OF TOURISM AND CULTURE. 2011. Standards and Guidelines for Consultant Archaeologists.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
EIS-08-334

 Section 10.2.7,
Physical and
Cultural Heritage
Resources

Information Request:
Provide the status of the Stage 2 Archaeological Assessment for the Deep Geologic Repository Project.
Confirm whether the Stage 2 Assessment has been approved by the Ontario Ministry of Tourism, Culture and Sport.
Cite completed and approved archaeological assessments in the EIS and cross reference them to Section 7.0 of the EIS
to see if the information presented there is consistent with the contents of the archaeological assessments.
Context:
In Section 6.9.7.1 of the EIS it is stated that a Stage 2 Archaeological Assessment was completed. The Ministry of
Tourism, Culture and Sport noted that it has no record of a Stage 2 Archaeological assessment commencing or having
been completed.
Assessments have to be completed under the Archaeological Assessment Technical Guidelines (1993) and must be in
compliance with the Standards and Guidelines for Consultant Archaeologists (2011) and the terms and conditions of the
archaeological licence.
All complete and approved archaeological assessments should be referenced in the EIS and reviewed to see if the
existing information in Section 7.0 of the EIS is still valid.
OPG Response:
The Stage 2 Archaeological Assessment has been completed however not submitted to the Ministry of Tourism, Culture
and Sport. The archaeologist who prepared the Stage 2 Archaeological Assessment has been asked to verify the status
of the Project Information Form (PIF) number and, if necessary obtain a DGR-specific PIF from the Ministry of Tourism,
Culture and Sport for the Stage 2 Archaeological Assessment for the DGR Project. Once the PIF has been verified, the
Stage 2 Assessment will be submitted under DGR-specific PIF. The Stage 2 Assessment will be submitted to the
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Ministry of Tourism, Sport and Culture by May 31, 2013.
Reference:
MINISTRY OF TOURISM AND CULTURE. 2011. Standards and Guidelines for Consultant Archaeologists.

EIS-08-335

 Section 13, LongTerm Safety of
the DGR

Information Request:
Provide an evaluation of the possibility of interrelated failure modes and their consequences.
Evaluate the 'What-if' scenario of basement faulting leading to disruption of the shaft seal(s) and thus providing two
pathways to the surface environment (fault line and shaft).
Context:
Cascading failures of complex systems (e.g., the Fukushima Daiichi nuclear accident) can lead to unanticipated and
enhanced adverse consequences. The 'What-if' scenarios considered in the Post-closure Assessment do not include an
evaluation of such occurrences.
OPG Response:
The possibility of interrelated failure modes and their consequences is very remote. The DGR is based on a passive
approach to safety to minimize the risk of failure. For example, mobilization of radionuclides is minimized by selection of
a host rock with a natural very low permeability to minimize the availability of water to corrode, release and transport
radionuclides, and by providing volume to hold the gases that can be generated.
Shaft seal failure risk is minimized through the massive concrete monolith at shaft base, selection of durable seal
materials, clearing of the shaft walls and adjacent rock layer during decommissioning, and emplacement of over a 500 m
length of seals. Faulting risk is minimized by placement of the repository at a site where faults do not currently exist and
seismic activity is low, and through design of the repository with thick pillars and alignment with principal stress
directions.
The key feature of the ‘what if’ scenario of basement faulting plus disruption of the shaft seals is that it results in release
of contaminants through creation of a pathway from the high-pressure Cambrian Formation to surface through the
repository. The impact of such a scenario is expected to be similar to the variant case assessed for the Inadvertent
Human Intrusion scenario where a borehole is assumed to be drilled from surface through the repository and into the
Cambrian Formation, and then left unsealed. The result is a direct pathway from the Cambrian Formation to surface
through the repository. This was already identified as a higher-dose consequence case, with peak impacts of around
30 mSv/a (OPG 2011, p.543; QUINTESSA and SENES 2011, Section 2.5.2.2).
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Separate analysis of the consequences of extreme shaft seal failure indicate peak dose rates to someone living directly
above the repository of around 80 mSv/a (OPG 2011, Section 8.7.2.3).
In summary, the results from the Severe Shaft Seal Failure Scenario and the Inadvertent Human Intrusion Scenario
provide perspective on the consequences of the suggested ‘what-if’ case. These scenarios indicate potential dose
consequences of the proposed scenario to someone living on the repository site in the range of 10 -100 mSv per year.
For reasons as noted above, this proposed scenario is very unlikely, and it remains within the DGR risk criterion of 10-5 /a
(OPG 2011, Section 8.1.2).
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-08-336

 Section, 7.1,
Purpose and
Need for the
Project
 Section, 7.2,
Alternatives to
the Project

Information Request:
Provide information on the possibility of separating long-lived intermediate level radioactive waste (ILRW) from shortlived ILRW. Include a review of how proposed and operating international repositories have addressed this issue.
Provide a list of the anticipated volumes & total activities of short-lived versus long-lived ILRW to be placed in the DGR.
Provide information on how the design and long-term management of the DGR would be affected by the separate
storage of long and short-lived ILRW.
Context:
No context required.
OPG Response:
International Practice
Practices vary between countries. Countries with surface or near-surface repositories usually make a distinction
between short-lived wastes and long-lived wastes, the purpose of which is to exclude long-lived wastes from these
repositories. Countries with only deep repositories (or plans for such) may or may not make a distinction. Examples are
given below.

1113

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response


France has low level waste (LLW) and intermediate level waste (ILW) categories, each of which is broken down into
long and short lived. The surface facilities are licensed for short-lived wastes only. Long-lived wastes (both LLW
and ILW) are destined for deeper facilities.



Sweden does not have a legal waste classification system. Their SFR facility (at 60 to 100 m depth) handles both
LLW and ILW. However, the safety case for SFR limits the total amount of long-lived radionuclides it can handle, so
it is essentially for short lived waste only.



Finland makes a formal distinction between long-lived and short-lived. The existing near-surface repositories at
Loviisa and Olkiluoto are licensed for short-lived wastes only.



In the US, the civilian waste classification is “low level waste”, “high level waste” and “spent fuel”. Low-level waste
includes Class A, B and C and “greater than class C” (GTCC). Class A, B and C wastes are licensed for nearsurface disposal. Class C, the most radioactive category of their low-level waste classifications, is essentially ILW
(filters, IX resins, etc), but with limited amounts of long-lived radionuclides. GTCC is the long-lived waste, but
classified as LLW under their system. It is deemed to be not suitable for surface disposal.



In the US, the WIPP deep repository (about 650 m depth) handles defense L&ILW, and does not distinguish
between short-lived and long-lived L&ILW. Rather, waste packages are treated differently within the facility based
on whether they are contact-handled (generally LLW, but also includes ILW packages with integral shielding) or
remote-handled (generally ILW), which is related to the package dose rate.



In the UK, LLW is placed in a surface facility at the LLWR site in Cumbria. UK has a category called “higher activity
waste” (HAW) which is defined as “HLW, ILW, and such LLW as by its nature is not currently suitable for disposal in
existing LLW disposal facilities”. This HAW waste is intended to be placed in a Geologic Disposal Facility.



In Switzerland, the policy is for deep geologic disposal of all waste categories. Two geological repositories are
foreseen, one for short-lived L&ILW and the other for high level waste and long-lived ILW.



In Germany, the official waste classification system is based on heat generation rate, not separation into LLW and
ILW nor distinction between long-lived and short-lived. The Konrad deep repository (about 800 m) is licensed for
non-heat-generating wastes, which includes both long-lived and short-lived L&ILW.

OPG ILW
Approximately 80% of the packaged volume coming to the DGR will contain LLW, and 20% will contain ILW.
OPG does not have separate categories for short-lived and long-lived ILW. However, as a simple estimate, the US
Class C waste criteria can be considered as a basis for classification. In particular, US 10 CFR 61.55 clause (3)
provides concentrations of long-lived radionuclides for classification as Class C or as Greater-than-Class C wastes
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(USNRC 2012). These 10 CFR 61.55 criteria were compared with the as-received concentrations for ILW waste streams
as given in the OPG Reference Inventory (OPG 2010). The US criterion considers the sum-of-fractions of each identified
radionuclide relative to its allowed Class C concentration limit, with the sum required to be less than one for the waste to
be considered Class C. Individual waste packages have a range of concentrations, therefore for the present evaluation
on a waste type basis, the waste package mean concentrations in OPG (2010) were compared with the Class C
concentrations and a sum-of-fraction threshold of <0.1 was selected as the criterion for short-lived ILW.
On the basis of this criterion, OPG CANDECON resin ILW, Irradiated Core Component ILW, and Retube End Fittings
ILW would be (generally) classed as short-lived ILW. These are estimated to have a total radioactivity of about 4,000
TBq at 2062 and an emplaced waste volume of about 16,000 m3, with most of the activity and volume in the End Fitting
waste stream. The other ILW, classed as long-lived ILW by this criterion, would have a total radioactivity of about 12,000
TBq at 2062 and an emplaced waste volume of about 25,000 m3.
Although these waste streams may be generally considered as short-lived ILW, accurately identifying and separating out
those OPG packages with short-lived ILW would require characterization of individual waste packages. This would result
in additional worker dose.
Implications on OPG DGR Design
The OPG DGR is designed to hold both LLW and ILW, whether short-lived or long-lived. Similar types of waste
packages are emplaced in different rooms, as this is efficient for handling and stacking. For example, there are rooms
intended for LLW, for unshielded ILW, and for shielded ILW. The latter distinction is based on dose rate. However,
higher dose rate packages generally also contain a higher concentration of long-lived radionuclides. Therefore, there is
already an approximate physical separation into lower amounts and higher amounts of long-lived ILW since higher dose
rate packages are shielded and are generally located in rooms with other shielded packages, while lower dose rate
package are unshielded and placed in rooms with other unshielded packages. There is no benefit to further separation.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
USNRC. 2012. 10 CFR 61.55 Waste classification. United States Nuclear Regulatory Commission. Washington DC,
USA (available at http://www.nrc.gov/reading-rm/doc-collections/cfr/part061/part061-0055.html)

EIS-08-337

 Section 10.2.2,
Land Use and

Information Request:
Confirm whether OPG owns property adjacent to the Bruce Nuclear Site other than Inverhuron Park.
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Describe how OPG’s lease agreement with the Ontario Ministry of Natural Resources for the Inverhuron Park property
may be affected by the site preparation, construction and operation activities associated with the proposed DGR.
Context:
In section 6.10.6.1 of the EIS, it states that the Inverhuron Park property is owned by OPG and the Ministry of Natural
Resources has a long term lease agreement with the corporation allowing continued operations of the park.
OPG Response:
OPG owns 351 acres of land to the north of the Bruce nuclear site, in the Baie du Doré area, originally acquired in the
1970’s for the exclusion zone related to the operation of the Bruce Heavy Water Plants, and 679 acres adjacent to the
eastern boundary of the Bruce nuclear site; from Concession Road 6 in the north to the Hydro One Transmission
Corridor south of Concession Road 4.
The Lease Agreement with the Ontario Ministry of Natural Resources (MNR) for the Inverhuron Park property is for a
term of 999 years; effective July 31 1973. At any time the MNR can exercise its option to terminate the Lease, cease to
operate all or any part of the lands as a provincial park and remove all buildings, chattels and other property brought or
erected on the lands.
Under this Lease, the MNR agrees to operate the lands as a provincial park in accordance with normal park policies.
The MNR agrees that the Lease is subject to any orders, rules, regulations or constraints imposed by any regulatory
authority, governing operations at the Bruce Nuclear Power Development and any regulatory licences that may impact
on all or any portion of the Park.
It is not expected that site preparation, construction or operation activities associated with the proposed DGR Project will
have any impact on the OPG/MNR Lease Agreement for Inverhuron Park. The Environmental Impact Statement
(OPG 2011, Section 7.10.2.12) provides the results of the assessment of potential effects of the DGR Project on
Inverhuron Provincial Park. No residual adverse effects are predicted.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Ontario. (CEAA
Registry Doc# 298)

EIS-08-338

 Section 14,
Cumulative

Information Request:
Provide information concerning the operation of the Volume Reduction Low Level Waste Incinerator, including air
emissions and radioactive ash, and explain why the Volume Reduction Low Level Waste Incinerator was not included in
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the cumulative effects assessment in Section 10 of the EIS.
Context:
Nineteen projects that were considered in the cumulative effects assessment are listed in Table 10.4-1 in the Cumulative
Effects section of the EIS. The Volume-Reduction Low Level Waste Incinerator was not included.
OPG Response:
OPG’s response to Information Request (IR) EIS-04-104 (OPG 2012) confirms that incineration of low level waste is
taking place at OPG’s Western Waste Management Facility (WWMF) and explains the regulatory framework for the
incinerator. The incinerator is operated under the WWMF’s operating licence granted by the Canadian Nuclear Safety
Commission. Also, the WWMF incinerator has a Certificate of Approval (C of A) (air) issued by the Ontario Ministry of
the Environment and emissions are regulated by the limits set in that C of A. OPG complies with the requirements of its
C of A.
Ontario Regulation 127/01 (made under the Environmental Protection Act) (GOVERNMENT OF ONTARIO 2001)
requires Ontario-based facilities that emit certain quantities of specific substances to report their emissions to the
government. These emissions reports must also be made available to the public. The reporting requirements for
Regulation 127/01 have been harmonized with Environment Canada's federal air emissions reporting requirements. All
reports (from 2005 onward) are available to the public through the National Pollutant Release Inventory (NPRI) website.
Reported data for OPG’s WWMF is available at:
http://www.ec.gc.ca/pdb/websol/querysite/facility_substance_summary_e.cfm?opt_npri_id=0000007098&opt_report_yea
r=2011.
Information on ash characteristics is provided in Reference Low and Intermediate Level Waste Inventory for the Deep
Geologic Repository (OPG 2010). Table B.1 provides a Summary of Specific Activities of Operational Low-Level Waste
(As-Received). Table C.1 provides the Chemical Composition of Low- and Intermediate-Level Waste (non-radionuclide).
Separate columns are included in each table for different types of ash.
The incinerator was included in the cumulative effects assessment presented in Section 10 of the Environmental Impact
Statement (OPG 2011). OPG’s response to Information Request (IR) EIS-04-110 (OPG 2012) provided this information.
References:
Government of Ontario. 2001. Airborne Contaminant Discharge, Ontario Regulation 127/01.
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
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Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-08-339

 Section 10.2.3,
Aboriginal land,
Aquatic Areas
and Resource
Use

Information Request:
Provide historical information concerning the identification and delineation of the Site Study Area boundary, i.e., the
“existing licensed exclusion zone for the site on land and within Lake Huron.”
Include information on any consultation with Aboriginal groups that was conducted to identify the extent of that zone.
Context:
The EIS must describe land use at the site and within the local and regional study areas. The proponent should identify
the lands, waters and resources of specific social, economic, archaeological, cultural or spiritual value to Aboriginal
people that assert Aboriginal rights or title or treaty rights or in relation to which Aboriginal rights or title or treaty rights
have been established and that may be affected by the project.
OPG Response:
The Environmental Impact Statement (EIS) Guidelines (CEAA and CNSC 2009, Section 9.1) state that:
“The following geographic study areas should serve as the basis for developing project-specific and effect-specific
study areas:


Site Study Area: The Site Study Area includes the facilities, buildings and infrastructure at the Bruce
Nuclear Site, including the existing licensed exclusion zone for the site on land and within Lake Huron, and
particularly the property where the DGR is proposed.”

This guidance provided in the EIS Guidelines (CEAA and CNSC 2009, Section 9.1), along with information from the
environmental assessments that have been completed and accepted for projects at the Bruce nuclear site, and the
geographic area where effects of the DGR Project were most likely, was considered in identifying the Site Study Area for
the DGR Project. The generic Site Study Area identified for the DGR Project is the land portion of the Bruce nuclear site,
plus the areas of the exclusion zones for the Bruce reactors that extend into Lake Huron.
The Class I Nuclear Facilities Regulations (SOR/2000-204, Section 1) provide a definition of “exclusion zone”. An
exclusion zone is defined as “a parcel of land within or surrounding a nuclear facility on which there is no permanent
dwelling and over which a licensee has the legal authority to exercise control”. Historically, the exclusion zone for
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nuclear power plants in Canada has been defined as 1,000 yards (914 metres) from the containment [reactor] (CNSC
2002, No. 67). The DGR will not have an exclusion zone. It is only reactors on the Bruce nuclear site that have
exclusion zones.
OPG’s response to Information Request (IR) EIS-03-45 (OPG 2012a) provides information on efforts to obtain input from
Aboriginal groups, and other stakeholders, and how input was used in identifying the study areas for the DGR Project.
The EIS (OPG 2011) provides a description of land use at the site and within the local and regional study areas in
Section 6.10.5.3 (Land Use) and Section 6.10.6 (Social Assets). Section 6.10.6.2 describes cultural and heritage
resources.
The EIS Guidelines (CEAA and CNSC 2009, Section 2.3) require that the proponent “must incorporate into the EIS the
local knowledge to which it has access or that it may reasonably be expected to acquire through appropriate due
diligence…”. OPG’s response to IR EIS-07-297 (OPG 2012b) describes the methods/practices that OPG/NWMO used
to obtain Aboriginal Traditional Knowledge for inclusion in the assessment. The available information on aboriginal rights
and title or treaty rights is presented in the Aboriginal Interests Technical Support Document (AECOM 2011, Sections 4.1
and 4.2).
References:
AECOM. 2011. Aboriginal Interests Technical Support Document. AECOM Canada Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-09 R000. Toronto, Canada. (CEAA Registry Doc# 299)
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 150)
Class I Nuclear Facilities Regulations. SOR/2000-204. Canada.
CNSC. 2002. Convention on Nuclear Safety Second Review Meeting – April 2002 Responses to Questions Presented
to Canada. (available at http://nuclearsafety.gc.ca/eng/pdfs/i0723res_e.pdf)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-00531-00151,
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December 20, 2012. (CEAA Registry Doc# 843)

EIS-08-340

 Section 5.5,
International
Agreements

Information Request:
Provide information on the mechanism by which the US Environmental Protection Agency (EPA) and the Michigan
Department of Environmental Quality (MDEQ) would be notified In the event of any accidental, direct, untreated
discharges into Lake Huron.
Explain how and when any exceedances of Canadian water quality standards would be reported to the EPA and MDEQ.
Context:
Under the Great Lakes Water Quality Agreement (GWWQA) Canada is committed to share information on surface water
and flow in Lake Huron with US counterparts, such as the EPA and the MDEQ.
OPG Response:
OPG’s obligation to report unplanned releases is set out in federal and Ontario legislation. Reporting is required to either
the Spills Action Centre or the Canadian Nuclear Safety Commission (CNSC), depending on the nature of the release.
These agencies then follow established procedures, as appropriate to the nature of the event, for subsequent reporting
and coordination of responses.
The Ontario Ministry of the Environment (MOE) administers regulation of “accidental, direct, untreated discharges”.
Guidance is provided in Spills Reporting - A Guide to Reporting Spills and Discharges (MOE 2007). MOE (2007,
Section 3) defines:
A “spill” is a discharge into the natural environment, from or out of a structure, vehicle or other container, that is
abnormal in quality or quantity in light of all the circumstances of the discharge. In more general terms, a spill is
essentially any accidental, abnormal or inadvertent release of a pollutant discharged into the natural environment
from or out of a man-made container.
MOE (2007, Section 4) also states:
In the case of s.15 (1) of the EPA (Environmental Protection Act), a discharge must be reported if it is out of the
normal course of events and it causes or is likely to cause an adverse effect (and the person is not otherwise
required to notify the Ministry under s. 92 of the EPA). The discharger must determine whether the potential risks
that arise from events such as storm related sewage bypasses (e.g. potential health impacts to downstream
water users) meet the criteria in s.15(1) and need to be reported.
OPG does not have any reporting obligations toward foreign jurisdictions. Canada’s Release and Environmental
Notification Regulations, SOR/2011-90 (GOVERNMENT OF CANADA 2011, Section 2), under the Canadian
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Environmental Protection Act confirm that, in Ontario, reports of releases are to be made to the Ministry of the
Environment Spills Action Centre.
The CNSC maintains the CNSC Emergency Response Plan (CNSC 2010). The Plan (CNSC 2010, Sections 2.1 and
3.3) describes “emergency events” and identifies the role of the CNSC, including its role “to establish and maintain
liaison with the Canadian nuclear facility or with foreign regulators (such as the United Stated Nuclear Regulatory
Commission (USNRC))”.
OPG notes that the Great Lakes Water Quality Agreement (GOVERNMENT OF CANADA AND THE GOVERNMENT OF
THE UNITED STATES OF AMERICA 2012, Article 6) states:
(a)

if a Party becomes aware of a pollution incident, or the imminent threat of a pollution incident, that could be of
joint concern to both of the Parties, it shall notify the other Party in accordance with the requirements set out in
the Canada-United States Joint Inland Pollution Contingency Plan and the Canada-United States Joint Marine
Pollution Contingency Plan. A pollution incident is a release of any pollutant of a magnitude that causes or may
cause damage to the Waters of the Great Lakes or may constitute a threat to public safety, security, health,
welfare, or property;

(b)

the Parties shall continue to implement the CANUSLAK Annex of the Canada-United States Joint Marine
Pollution Contingency Plan, as amended, or any successor instrument, to provide a coordinated binational
approach for planning and preparedness in response to pollution incidents;

(c)

the Parties shall notify each other, through the Great Lakes Executive Committee, of planned activities that
could lead to a pollution incident or that could have a significant cumulative impact on the Waters of the Great
Lakes, such as:
i)
ii)
iii)
iv)
v)
vi)
vii)
viii)
ix)

the storage and transfer of nuclear waste or radioactive materials;
mining and mining related activities;
oil and gas pipelines;
oil and gas drilling;
refineries; power plants;
nuclear facilities;
hazardous waste storage;
treatment or disposal facilities; and
other categories of activities identified by the Parties.

The Canada-United States Joint Inland Pollution Contingency Plan (EC and US EPA 2009) provides for a binational
coordination mechanism to ensure appropriate and effective cooperative preparedness, notification, and response
measures between Canada and the United States. The objectives of the plan include developing systems for notification
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within the area covered by the Inland Plan and ensuring that coordinated public information releases are made in a
timely fashion to the public in both countries. Polluting incidents are to be reported as soon as is practicable, in
accordance with Section 400 (EC and US EPA 2009) and the procedures associated with the relevant regional annex.
The Canada-United States Joint Radiological Emergency Response Plan (JRERP) (GOVERNMENT OF CANADA and
GOVERNMENT OF THE UNITED STATES OF AMERICA 1996), signed in 1996, is designed to:




Alert the appropriate federal authorities within each country of the existence of a threat from a potential or actual
radiological event;
Establish a framework of cooperative measures to reduce, to the extent possible, the threat posed to public
health, safety, property, and the environment; and
Facilitate coordination between the federal government in each country in providing support to provinces and
states affected by a potential or actual radiological event.

The JRERP designates the lead roles to the following departments:



Health Canada in Canada; and
The Environmental Protection Agency in the United States.

Canada ratified the Convention on Early Notification of a Nuclear Accident (IAEA 1986). The Convention on Early
Notification of a Nuclear Accident defines when and how the International Atomic Energy Agency (IAEA) should be
notified of a nuclear emergency with potential transboundary consequences, and when and how the IAEA would notify
the signatories of a nuclear emergency which is of international interest.
References:
CNSC. 2010. CNSC Emergency Response Plan CAN2-1. Canadian Nuclear Safety Commission. December 2010
(Revision 6). (accessed on January 18, 2013 at http://nuclearsafety.gc.ca/eng/pdfs/emergency-response-plan/CNSCEmergency-Response-Plan-CAN2-1_e.pdf)
EC and US EPA. 2009. Canada-United States Joint Inland Pollution Contingency Plan. Environment Canada and
United States Environmental Protection Agency.
GOVERNMENT OF CANADA AND THE GOVERNMENT OF THE UNITED STATES OF AMERICA. 2012. Protocol
Amending the Agreement between Canada and the United States of America on Great Lakes Water Quality, 1978, As
Amended on October 16, 1983 and on November 18, 1987.
GOVERNMENT OF CANADA and GOVERNMENT OF THE UNITED STATES OF AMERICA. 1996. Canada-United
States Joint Radiological Emergency Response Plan (JRERP)
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GOVERNMENT OF CANADA. 2011. Release and Environmental Notification Regulations, SOR/2011-90.
IAEA. 1986. Convention on Early Notification of a Nuclear Accident. International Atomic Energy Agency.
MOE. 2007. Spills Reporting - A Guide to Reporting Spills and Discharges. Ontario Ministry of the Environment.

EIS-08-341

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide the maximum expansion capacity of the proposed DGR.
Discuss any obstacles to expansion and how these could conceivably be overcome.
Context:
Given that the safe storage and decommissioning of reactors such as Bruce (in approximately 2024) and Bruce A (in
approximately 2046) overlap the operational phase of the DGR, future EAs (addressing decommissioning) could
conceivably propose disposal of low and intermediate level decommissioning waste at the DGR.
OPG Response:
OPG’s application is for a site preparation and construction licence for a repository with a capacity of approximately
200,000 cubic metres for OPG’s operational and refurbishment low and intermediate level waste.
In accordance with the requirements of the Environmental Impact Statement Guidelines (CEAA and CNSC 2009,
Section 14), OPG undertook an assessment of the cumulative effects of an expansion of the repository to include OPG’s
reactor decommissioning wastes, with results reported in the Environmental Impact Statement (OPG 2011, Section 10).
Furthermore, OPG’s responses to Information Requests EIS-04-120 (OPG 2012a) and EIS-04-145 (OPG 2012b) discuss
the maximum expansion potential of the DGR that has been assessed, as well as some of the factors that would be
involved in constructing such an expansion.
References:
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-005311123
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00138, September 6, 2012. (CEAA Registry Doc# 725)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS-08-342

 Section 8.1,
General
Information and
Design
Description

Information Request:
Specify the criteria for chemical compatibility used in the Waste Acceptance Criteria which will ensure that materials
incompatible with packaging materials, shipping and storage container materials, other wastes or facility closure material,
are not accepted in the DGR.
Context:
The Summary of Waste Acceptance Criteria (EIS Table 4.5.1-3) does not appear to include the possibility of chemical
incompatibility of materials.
OPG Response:
As shown in Appendix E of the DGR reference inventory report (OPG 2010), there is a variety of containers available for
the different waste streams. Chemical compatibility is one of the criteria used in selecting an appropriate container type
for a given waste stream. The majority of the wastes in storage are “dry”, and “wetter” wastes, such as ion exchange
resins, are typically stored in stainless steel or polyethylene containers. Materials which may have a deleterious effect
on the repository performance, such as chelating agents, are also restricted, as shown in the Environmental Impact
Statement (OPG 2011, Table 4.5.1-3). As such, chemical compatibility is not a significant issue. This is evidenced by
more than 35 years of safe operation at OPG’s Western Waste Management Facility where these wastes are currently
stored in the container types that will be transferred to the DGR, as well as at many other facilities in the world where
similar types of waste are stored in similar containers, e.g. as previously described in OPG’s response to Information
Request (IR) EIS-03-51 (OPG 2012a).
For new waste forms, evaluation of the potential for waste-container interaction is included as part of the selection
process for an appropriate container.
As discussed previously in OPG’s responses to other IRs (e.g., IR-EIS-04-122 (OPG 2012b)), each package will be
visually inspected prior to transfer to the DGR. If any deterioration that compromises package safety is detected, it will
be remediated prior to transfer and emplacement in the DGR.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
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Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-08-343

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide an outline of the requirements for package certification that will be in place to ensure that the manufacturing
methods and materials used are in accordance with design specifications.
Provide plans that show how all packages are periodically inspected so that they comply with all the relevant
requirements and specifications for waste placement in the DGR.
Context:
EIS Table 4.5.1-3 states that "all DGR waste package designs must be approved".
OPG Response:
As discussed previously in OPG’s response to Information Request (IR) EIS-04-152 (OPG 2012), there are no specific
Canadian Nuclear Safety Commission (CNSC) regulatory requirements for radioactive waste containers to be placed in a
repository. The context of the “design approval” referred to in Table 4.5.1-3 of the Environmental Impact Statement
(OPG 2011) is that all waste package designs require prior approval by the responsible parties in OPG.
Waste containers are designed according to Design Requirements documents and procured under OPG’s nuclear
procurement procedures, which include requirements for manufacturing inspection and test plans. This ensures that the
products meet OPG’s specified Design Requirements and Technical Specifications. In addition, they are procured from
vendors on OPG’s qualified suppliers list. These vendors undergo periodic quality management audits by OPG to
ensure that they are maintaining their Quality Management Systems. As discussed previously in the responses to other
IRs (e.g., EIS-04-122 (OPG 2012)), each package will be visually inspected prior to transfer to the DGR to ensure it
meets the DGR waste acceptance criteria. If any deterioration that compromises package safety is detected, it will be
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remediated prior to transfer and emplacement in the DGR.
Waste packages are also included in the aging management program for the Western Waste Management Facility
storage structures. As part of this program, a sample population of these packages is visually inspected. The results of
such inspections are used to confirm package performance expectations, plan future changes to container designs,
anticipate possible remedial actions, etc.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-08-344

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information on center of gravity or similar requirements to ensure the physical stability of waste packages during
transport, especially for travel down the 680 m shaft and movement through the DGR.
Context:
EIS Table 4.5.1-3 specifies a mass limit of 35 Mg per waste package, subject to maximum design limit for each waste
package type
OPG Response:
Waste package movement at the DGR, through surface handling, shaft handling, underground transfer and placement in
emplacement rooms, will be conducted in a physically stable configuration utilizing practices that meet applicable
regulations (refer to OPG 2011, Section 6.5 for methods of package handling).
Waste packages currently at the Western Waste Management Facility (WWMF) are stored in a physically stable
configuration. Waste packages will be transferred from the WWMF to the DGR and inspected to ensure that damage
has not occurred in transfer and confirm that waste acceptance criteria have been met. Once accepted at the DGR, all
waste packages will be transferred into the main shaft cage by means of a rail-based transfer cart. This rail cart will be
of a low profile design to maintain a low center of gravity of the loaded cart and its rate of travel will be limited to about
0.5 m/s. Packages will be secured on the cart, as required, to ensure that the load will remain stable while the cart is
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moved into and out of the cage, and while the cage is in motion.
During shaft handling operations, the main shaft cage will be chaired (i.e., secured in position to limit vertical travel) at
both the surface and repository levels to ensure a smooth transition of the rail cart during loading and unloading of the
main shaft cage. Once the rail cart has been loaded on the main shaft cage it will be mechanically secured for transport
from the surface level to the repository level. The main shaft cage will be guided by fixed guides in the shaft to minimize
lateral movement of the cage. Guide roller assemblies will dampen any lateral motion of the cage to ensure smooth
travel through the shaft. The rate of travel of the main cage will be limited to 5.0 m/s.
At the underground shaft station waste packages will either be unloaded by forklift and transported to emplacement
rooms, or the rail cart will proceed via the embedded rail network directly into a gantry crane equipped emplacement
room.
All equipment that handles waste packages will be designed to move each package in a way that will optimize positive
control of package position. The majority of the waste packages are low profile, would be evenly loaded. Therefore,
they would naturally have a low and stable center of gravity.
The exceptions to this are tall packages, carried in the upright position. These include encapsulated tile holes and resin
liner shields, which will require additional securing and speed limitations during waste package handling.
The waste inventory is detailed in the Preliminary Safety Report (PSR) (OPG 2011, Chapter 5), as well as the Reference
Inventory Report (OPG 2010).
Requirements to ensure the physical stability of waste packages during transport can be found in the PSR (OPG 2011,
Section 6.5.1.1).
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-08-345

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide an enhanced Table 4.5.2-1 that specifies the principal waste categories for each radionuclide
Context:
EIS Table 4.5.2-1: "Estimated L&ILW Radionuclide Inventory at 2062" lists the radionuclides to be stored in the DGR and
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provides information on their sources. The principal waste category for each radionuclide is also of interest.
OPG Response:
Table 4.5.2-1 in the Environmental Impact Statement (EIS) (OPG 2011) is enhanced below to specify, for each
radionuclide, the principal waste categories which contribute >90% of the total inventory for the radionuclide at 2062.
The principal waste categories for each radionuclide are listed in order with the largest contributor first. The information
on the principal waste categories for each radionuclide is taken from Tables 2.5, 2.7 and 3.3 of the Reference Waste
Inventory report (OPG 2010). A description of the waste categories is provided in EIS Tables 4.5-1 and 4.5-2.
Nuclide
Ag-108m
Am-241
Am-242m
Am-243
Ba-133
C-14
Cf-252
Cl-36
Cm-243
Cm-244

Half-life (a)
1.3E+02
4.3E+02
1.5E+02
7.4E+03
1.1E+01
5.7E+03
2.6E+00
3.0E+05
2.9E+01
1.8E+01

Principal Waste Categories (% of Total Inventory)
Retube waste (pressure tubes, and calandria tubes) (95%)
Steam generators and CANDECON resin (93%)
Steam generators (96%)
Steam generators and retube waste calandria tubes (92%)
Non-pro (100%)
Moderator IX resin and retube waste pressure tubes (94%)
Non-pro (100%)
Retube waste pressure tubes (93%)
Steam generators (100%)
Steam generators, filters & filter elements and retube waste calandria tubes
(94%)
Retube waste end fittings (96%)
PHT IX resin, IX columns and misc. IX resin (96%)
Retube waste pressure tubes, PHT IX resin, IX columns and misc. IX resin
(97%)

Co-60
Cs-134
Cs-135

5.3E+00
2.1E+00
2.3E+06

Cs-137
+Ba137m
Eu-152
Eu-154
Eu-155

3.0E+01

PHT IX resin, IX columns, misc. IX resin and non-pro (94%)

1.3E+01
8.8E+00
5.0E+00

Fe-55
H-3

2.7E+00
1.2E+01

PHT IX resin, IX columns and moderator IX resin (100%)
Moderator IX resin and CANDECON resin (95%)
Moderator IX resin, steam generator, misc. IX resin and CANDECON resin
(97%)
Retube waste end fittings (95%)
Non-pro drummed, box compacted, non-pro and misc. IX resin (92%)
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I-129
Ir-192m
Mn-54
Mo-93
Nb-93m
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pt-193
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ru-106
Sb-125
Se-79
Sm-151
Sn-119m
Sn-121m
Sn-126
Sr-90+Y90

1.6E+07
2.4E+02
8.6E-01
3.5E+03
1.4E+01
2.0E+04
7.5E+04
9.6E+01
2.1E+06
2.2E+01
5.0E+01
8.8E+01
2.4E+04
6.5E+03
1.4E+01
3.8E+05
1.6E+03
1.0E+00
2.8E+00
3.8E+05
9.0E+01
8.0E-01
5.5E+01
2.1E+05
2.9E+01

Tc-99
U-232
U-233
U-234
U-235
U-236

2.1E+05
7.2E+01
1.6E+05
2.5E+05
7.0E+08
2.3E+07

PHT IX resin and IX columns (95%)
Retube waste pressure tubes (100%)
Retube waste end fittings (96%)
Retube waste (end fittings, calandria tube inserts, pressure tubes) (99%)
Retube waste (pressure tubes and calandria tube inserts) (100%)
Retube waste pressure tube (100%)
Retube waste (end fittings and calandria tube inserts) (96%)
Retube waste (end fittings, calandria tubes and inserts) (98%)
Steam generator (92%)
Non-pro (100%)
Retube waste pressure tubes (100%)
Steam generators (92%)
Steam generators, CANDECON resin and misc. IX resin (95%)
Steam generators (92%)
Steam generators, misc. IX resin and CANDECON resin (93%)
Steam generators (92%)
Non-pro (100%)
PHT IX resin, IX columns and moderator IX resin (98%)
Retube waste calandria tubes and irradiated core component (93%)
Retube waste (calandria tubes and pressure tubes) (92%)
Retube waste calandria tubes and PHT IX resin (94%)
Retube waste calandria tubes (96%)
Retube waste calandria tubes (97%)
PHT IX resin, IX columns and misc. IX resin (92%)
CANDECON resin, steam generators, feeder pipes and retube waste
pressure tubes (94%)
Retube waste (end fittings, pressure tubes and calandria tubes) (97%)
Steam generators (96%)
Steam generators (94%)
Steam generators (93%)
Steam generators (91%)
Steam generators and CANDECON resin (93%)

1129

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
U-238
Zr-93

4.5E+09
1.5E+06

Non-pro and steam generators (98%)
Retube waste (pressure tubes and calandria tubes) (100%)

Note that there is an error in the listed Pu-241 inventory for Refurbishment L&ILW in EIS Table 4.5.2-1 (OPG 2011). The
inventory should be 3.0E+12 Bq instead of 1.9E+11 Bq. The correct value is listed in Table 5-8 of the Preliminary Safety
Report and Table 3.3 of OPG (2010). Therefore, the total Pu-241 inventory in EIS Table 4.5.2-1 should be 4.7E+12 Bq
instead of 1.9E+12 Bq. The correct value was used in the calculations.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry Doc#
298)
EIS-08-346

 Section 8.1,
General
Information and
Design
Description

Information Request:
Outline any plans for recycling or restricted use of waste materials in cases where it may either be cost effective, or have
a cost comparable to, placement into the DGR.
Context:
Table 4.5.3-1 of the EIS provides a Chemical Inventory of low and intermediate level waste including, for example,
chemical inventories of 3.4 million kilograms of copper and 1.5 million kilograms of lead.
OPG Response:
Table 4.5.3-1 of the Environmental Impact Statement (EIS) (OPG 2011) lists an elemental inventory of the bulk waste.
This does not mean that the materials are in a pure or accessible form and can be easily separated. For example, most
of the copper will be present in the form of corrosion resistant alloys, such as heat exchanger tubes. Most of the lead will
be in the form of shielding integral to waste packages.
As discussed in the EIS (OPG 2011, Section 3.4.1) and further in OPG’s response to Information Request EIS-03-50
(OPG 2012), there is the potential to measure the radioactivity (e.g., gamma scanning) of the existing stored wastes
(some of which will have decayed for several decades) at the time they are retrieved from storage and remove them from
the DGR wastes by applying the clearance criteria contained in the Nuclear Substances and Radiation Devices
Regulations (SOR/2000-207). This would be done on a container-by-container or object-by-object basis (rather than
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targeting specific materials), for example, using methods described in CSA Standard N292.5-11 (CSA 2011).
OPG recognizes the potential for reducing the volume of waste to be placed in the DGR. OPG continuously operates
with waste minimization in mind, stations have waste minimization strategies, and this ongoing process will be applied to
retrieved wastes prior to emplacement in the DGR.
References:
CSA. 2011. Guideline for the Exemption or Clearance from Regulatory Control of Materials that Contain, or Potentially
Contain, Nuclear Substances. Canadian Standards Association, CSA N292.5-11. Toronto, Canada.
Nuclear Substances and Radiation Devices Regulations. SOR/2000-207. Canada.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)

EIS-08-347

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information on any limits for the presence of a maximum amount of free water (in cubic liters) in a waste
package. If no such limits are proposed, explain why.
Context:
EIS Table 4.5.1-3: "Summary of Waste Acceptance Criteria" states that residual liquids generally must be less than 1%
free liquid by volume, and for bulk IX resins must be less than 5% free water by volume.
OPG Response:
As reported previously in OPG’s response to Information Request (IR) EIS-03-50 (OPG 2012), most of the waste to be
emplaced in the DGR will be essentially “dry”. However, there will be small amounts of incidental moisture. As noted in
the Context, the limits on water content are given in the Environmental Impact Statement (OPG 2011, Table 4.5.1-3) as
less than 1% free liquid by volume except for bulk IX resins, which must be less than 5% free water by volume. The
volume this represents per waste package will depend on the package. Typical waste packages are described in
Appendix E of the DGR inventory report (OPG 2010).
One percent free water in most waste packages has been adopted as a practical limit and is consistent with international
practice; see for example (USNRC 1992, clause 61.56 (a)(3)). For example, in a low-level waste container with an
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internal volume of 2.5 m3, this corresponds to a maximum of 25 litres of water. Note that most wastes received are
essentially dry, with very low residual free water.
The bulk IX resins represent a special case. They are transferred to containers at the nuclear stations as a slurry, then
dewatered to remove most of the free water. This is consistent with international practice, as reported previously in
OPG’s response to IR-EIS-03-51 (OPG 2012). A residual amount of 5% free water in a 3 m3 resin container represents
a volume of approximately 150 litres (0.15 m3).
These criteria already exist in the Waste Acceptance Criteria for storage at OPG’s Western Waste Management Facility,
so any waste received at the WWMF must meet these criteria before it is accepted for interim storage.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
USNRC. 1992. 10 CFR 61-Licensing Requirements for Land Disposal of Radioactive Waste, Subpart D-Technical
Requirements for Land Disposal Facilities. United States Nuclear Regulatory Commission. Washington DC, USA
(available at http://www.nrc.gov/reading-rm/doc-collections/cfr/part061/full-text.html)

EIS-08-348

 Section 8.1,
General
Information and
Design
Description

Information Request:
Explain the apparent inconsistency arising when sludges are characterized as solids.
Provide additional information on the waste packaging of sludges and any measures taken to control condensation and
leakage following packaging.
Context:
EIS Table 4.5.1-3 defines "waste form" criteria as "solid only." But it is also stated that "sludges must have slump of less
than 150 mm". Wet concrete typically has a slump of 150 mm to 175 mm. Sludges are typically considered to be semisolid, and it appears that the acceptance criteria for sludge is bordering on what could be considered wet.
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OPG Response:
The DGR waste acceptance criteria exclude “liquids”. Liquids are defined in the relevant regulation, R.R.O. 1990, Reg.
347 (Ontario 1990), as “waste that has a slump of more than 150 millimetres using the Test Method for the
Determination of Liquid Waste (slump test) set out in Schedule 9.” Schedule 9 defines a specific test protocol. If the
sludge does not meet the criteria for a “liquid” it is considered to be a solid and is acceptable for the DGR. This criterion
already exists in the waste acceptance criteria for storage at OPG’s Western Waste Management Facility, so any waste
received at the WWMF must meet this criterion before it is accepted for interim storage.
As indicated in OPG responses to previous Information Requests (IR) (e.g., EIS-03-50 (OPG 2012a)), the waste
category “ALW Sludge” included in the reference inventory report (OPG 2010, Section 2) is in fact a solid. The “sludge”
in the title refers to the original source of the waste. It is treated with clay-based or polymer binding agents to produce a
solid cake prior to packaging in steel containers and delivery to OPG’s Western Waste Management Facility for interim
storage. Since the resulting waste form is a solid, no additional measures are considered necessary to control
condensation and leakage following packaging.
In addition, as discussed previously in OPG’s responses to other IRs (e.g., EIS-04-122 (OPG 2012b)), each package will
be visually inspected prior to transfer to the DGR to ensure it meets the DGR waste acceptance criteria. If any
significant deterioration in the package resulting in leakage is detected, it will be remediated prior to transfer and
emplacement in the DGR.
References:
Ontario. 1990. Environmental Protection Act, R.R.O. 1990, Regulation 347, General - Waste Management. (available
at www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900347_e.htm)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)
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General
Information and
Design
Description
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Information Request:
Discuss the current and future chemical mobility of radionuclides and potentially hazardous constituents taking into
account the effects of incineration, the solubility in steel, as well as other factors.
Context:
The EIS states that over long time period the waste and containers will degrade. The various metals will degrade into
organic salts, oxides, or minerals consistent with the surrounding reducing saline water chemistry. The organic materials
will generally degrade into simpler elements, likely under microbial-mediated reactions that will be slow under this
expected saline, reducing condition. The chemical mobility of radionuclides and other potentially hazardous constituents
may therefore change over time.
OPG Response:
The chemical conditions within the geosphere will remain reducing, saline and wet, with a near-neutral pH due to the
massive carbonate content of the rock.
The chemical conditions within the repository and shaft will evolve from aerobic and relatively dry, to anaerobic, reducing
and (depending on location and timing) dry or saline wet. Locally there will be more variation in chemical conditions due
to the range of materials emplaced, and the local interaction between alkaline materials such as cements or incinerator
ash, neutral buffering materials such as the carbonate rock, and acidic materials such as CO2 and organic waste
degradation products.
Of all these factors, however, the key chemical assumption used in the postclosure safety assessment was that
conditions will relatively quickly become anaerobic and reducing everywhere underground as the repository is closed,
which is consistent with practical experience in mines and landfill.
The chemical mobility of radionuclides and non-radioactive contaminants was then assessed using a conservative
model for their release and migration within and from the DGR (OPG 2011, Section 8.6.2.1) based on the following
assumptions:





instant release of radionuclides and potentially hazardous constituents from most waste forms and container
materials on contact with water (the exception is that release from irradiated core components and retube
wastes is by corrosion dissolution);
no credit given to waste packaging as chemical or physical barrier;
no sorption of contaminants in repository, or in cement or asphalt seals;
no sorption for most contaminants anywhere, with limited sorption for some contaminants (Zr, Nb, Cd, Pb, U, Np,
and Pu) allowed in the shaft bentonite seals and in the geosphere where conditions are expected to be stable;
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no solubility limitation in the repository, geosphere and shafts except for carbon, the dissolved concentration of
which is assumed to be governed by carbonate equilibria;
no credit for incorporation of key radionuclides, in particular C-14 and Cl-36, into minerals within the repository
concrete or the surrounding carbonate rock (some C-14 is incorporated into FeCO3);
diffusivity parameters were defined from data for simpler and more mobile species.

More information on these assumptions is included in the Postclosure Safety Assessment: Data report (QUINTESSA and
GEOFIRMA 2011) includes Appendices C (potential solubility limitation), D (potential sorption), E (corrosion) and F
(degradation).
In summary, the chemical mobility of the various species was assessed with a conservative approach, such that the
detailed chemical mobility and potential changes with time were not modeled.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
EIS-08-350

 Section 8.1,
General
Information and
Design
Description

Information Request:
Clarify how PCBs generated in the incinerator and trapped in ash will be excluded from the waste emplaced in the DGR
Context:
The EIS summary, on pages 10 and 11, states that L&ILW may contain varying amounts of chemicals or elements that
can be hazardous, including PCBs produced in the incinerator and trapped in the ash. In the EIS, Table 4.5.1-3,
Summary of the Waste Acceptance Criteria, states the PCB wastes are excluded.
OPG Response:
“PCB waste” is defined in the relevant regulation, R.R.O. 1990, Reg 362 (Ontario 1990), as materials containing PCBs at
a concentration of more than 50 (fifty) parts per million (PPM) by weight. Although the ash contains trace amounts of
PCBs as a result of the combustion process, the ash is well below this limit. As documented in Table C-1 of Appendix C
of the DGR reference inventory report (OPG 2010), the measured concentrations of PCBs in ash are in the range of
0.024 to 0.2 µg/g (i.e., 0.024 to 0.2 PPM by weight). Therefore, the ash does not meet the definition of PCB waste and is

1135

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
acceptable for the DGR.
This criterion already exists in the Waste Acceptance Criteria for storage at OPG’s Western Waste Management Facility,
so any waste received at the WWMF must meet this criterion before it is accepted for interim storage.
References:
Ontario. 1990. Environmental Protection Act, R.R.O. 1990, Regulation 362, Waste Management - PCBs. (available at
http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900362_e.htm)
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-08-351

 Section 11.4.6,
Radiological
Conditions

Information Request:
Differentiate between exceedances and target doses for project workers and members of the public. Identify the likely
dose scenarios, both acute and annual.
Provide dose estimates as specific values, or given as a range, rather than stating it will be “much lower than” a given
standard or estimate.
Context:
Section 4.1.1.4 in the EIS states that the radiological doses from radionuclide releases and direct radiation must not
exceed 50 mSv for project workers and 1 mSv for members of the public. The EIS states that estimated worker doses
from inhalation, immersion and external exposure are expected to be “much lower than OPG’s occupational target of
10 mSv/a for workers”.
OPG Response:
Dose Limits and Dose Targets
During normal operation of the DGR, the CNSC regulates radiological doses (effective and equivalent) for Nuclear
Energy Workers (NEWs) and members of the public (non-NEWs) through prescribed dose limits. In the case of DGR
operational or project workers (who are NEWs), their effective dose limits are 100 mSv averaged over 5 years with no
more than 50 mSv in any one year. For members of the public, their effective dose limit is 1 mSv per year. (See OPG
response to Information Request (IR) LPSC-01-07 for discussion of equivalent dose limits.)
In order to ensure that the regulatory dose limits are not exceeded, OPG has implemented Exposure Control Levels
(ECLs) and Administrative Dose Limits (ADLs) for NEWs and members of the public. These are dose levels that, if
reached, require additional OPG management follow-up and controls to prevent exceeding CNSC prescribed dose limits.
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For comparison, for NEWs the ECL for effective dose is set at 10 mSv/yr, with an ADL of 20 mSv/yr and 50 mSv over a
5 year period. Members of the public have an ECL of 0.1 mSv/yr and an ADL of 0.5 mSv/yr.
Furthermore, consistent with the As Low As Reasonably Achievable (ALARA) principle, OPG has set a public dose
target that is lower than these ECLs and ADLs. This is an annual dose target of less than 0.01 mSv (10 μSv) for a
member of the public at the Bruce nuclear site boundary (OPG 2011, Section 7.1.2.1).
Dose Scenarios and Estimates
OPG 2011 (Chapter 7) provides estimates of radiological doses to NEWs and to members of the public under normal
and abnormal operating conditions - i.e., under annual and acute conditions, respectively. Likely dose scenarios are
those that would occur during normal operation. For both workers and public, these would be exposure to H-3 and C-14
released to the air from waste package off-gassing, and from exposure to gamma radiation from waste packages during
waste package handling over the course of a year.
The specific dose estimates are summarized in the table below for normal operating conditions. These were estimated
based on bounding conditions. Note that worker doses will be kept within OPG limits and consistent with the ALARA
principle through design measures (such as shielding or distance) to be developed as part of the detailed design, and
through the use of monitoring, administrative controls and procedures during operations.
Nuclear Energy Worker
Exposure Scenario
Normal Operating Condition:
 Inhalation and immersion
dose due to off-gassing of
H-3 and C-14 from
emplaced waste packages
 External radiation during
package handling

Public Exposure Scenario
Normal Operating Condition:
 Dose due to airborne and
waterborne releases of H3 and C-14 from emplaced

Estimated Worker Dose

Reference

0.001 – 0.09 mSv/yr

Table 7-17 of
OPG 2011

<1 mSv/yr - control room operator
up to 7 mSv/yr – surface waste package handling
up to 10 mSv/yr - underground waste package
handling(a)
Estimated Public Dose (b)

Table 6.1 of
NWMO 2011

0.0002 – 0.0006 mSv/yr
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waste packages
External radiation from
waste packages at surface

< 0.00008 mSv/yr

Section 7.4.4.2
of OPG 2011

Notes:
a
Preliminary ALARA Assessment (NWMO 2011) estimated 25 mSv/yr without mitigation, and identified various mitigations
that could be adopted during detailed design and operations to ensure the OPG NEW dose limit is met.
b

Member of the public at the Bruce nuclear site boundary.

References:
NWMO. 2011. Preliminary ALARA Assessment. Nuclear Waste Management Organization report NWMO DGR-TR2011-36 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-08-352

 Section 8.2, Site
Preparation and
Construction

Information Request:
Clarify that for the new site configuration, 9% of the surface areas will be impervious, while the rest will be dirt, gravel,
turf, vegetation, or other porous surface. Also clarify whether these surfaces will be permanent.
Provide details on sustainable design features, which would increase infiltration of stormwater that have been
incorporated into construction plans.
Describe temporary actions, such as during construction lay-down, planned to reduce resultant effects of precipitation.
Context:
On page 7-12 of the EIS, it states that new infrastructure will result in 9% of new impervious surface area. There is little
discussion of how temporary effects have been reduced. As well, there is no discussion of whether this 9% of surface
areas can include elements of sustainable design, such as permeable pavement, which would increase infiltration of
stormwater.
OPG Response:
There will be approximately 9% of the DGR project site surface areas that will be permanent, impervious surfaces. This
9% can be further broken down into 1.5% for surface buildings, 2.5% for permanent roads and non-radiological parking
areas, and 5% representing the Zone 2 radiological areas. The majority of these areas will be constructed at the later
stages of the construction phase for use during operations. During construction, the majority of roads and laydown areas
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will be gravel and graded to discharge surface run-off to the stormwater management system. Silt curtains, berming and
vegetation will be used to minimize the amount of suspended solids entering the stormwater ditches and pond.
The stormwater management ditches and pond will be constructed as part of site preparation activities, and the site
graded to capture all stormwater collected on the site, and directed it to the stormwater management pond. During
operations, the ditch system will be maintained and impervious surfaces will continue to drain to the stormwater system.
In the Zone 2 radiological area, the water is collected and directed to an oil-water separator prior to discharge into the
stormwater management system. The drainage system is designed to allow isolation of stormwater collected in this area
should there be an upset condition (e.g. package drop). For this reason, permeable pavements are not suitable to
provide for containment. For the remaining areas of paved surface (1.5% of surfaces), the location of these relative to
the stormwater ditching system would not significantly benefit from permeable pavements.

EIS-08-353

 Section 11.2,
Mitigation
Measures

Information Request:
Provide specific detail on mitigation concerning plant species. Address how mitigation will take place, which entity will be
responsible for ensuring mitigation, what the monitoring schedule will be, what will be used as measures of success, and
how adaptive management, if necessary, will be applied.
Context:
Mitigation is an important component in determining whether or not to subject a VEC to further levels of evaluation. In
certain sections mitigation measures are lacking any specific detail and do not appear to mitigate the proposed effects.
For example, on page 7-60 of the EIS, the discussion of mitigation measures for plant species VEC is very general and
does not discuss any detail.
OPG Response:
The assessment of effects documented in the Terrestrial Environment Technical Support Document (TSD)
(GOLDER 2011, Section 8.2) considered both the potential for direct and indirect effects on Valued Ecosystem
Components (VECs) selected for the DGR Project. The direct effects assessed included vegetation removal and effects
associated with the construction and operation of the DGR facility. Indirect effects assessed included changes to air
quality, surface water quantity and flow, surface water quality, soil quality, groundwater quality and flow, and changes
carried through as a result of effects on the Aquatic Environment VECs.
Plant species VECs identified for the DGR Project included eastern white cedar, common heal-all and common cattail as
they are representative of the dominant plant communities located within the Site Study Area. A residual adverse effect
was identified related to the clearing of mixed forests within the Project Area. This effect is associated with the removal
of eastern white cedar found within the mixed forest communities. The other plant species VECs will not be measurably
affected by the proposed clearing and site preparation activities on the site because common heal-all is limited to the
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grassland, cultural meadow and cultural barren areas of the Project Area and common cattail is limited to the wetland
and ditch areas on the site, which are not expected to experience measurable changes as a result of the proposed site
preparation and clearing activities. Table 11.2-1 (GOLDER 2011, Section 11.2) concludes that the overall assessment of
the significance of the clearing of eastern white cedar in the Project area is not significant.
Mitigation measures are required for effects that have been assessed as adverse. The proposed layout of the DGR
Project includes inherent mitigation measures for minimizing the footprint of the Project Area (including equipment
staging and laydown areas), and the protection of habitat and wetland features within the Site Study Area. These
measures were designed to limit the project size to as small an area as possible; thereby minimizing the effects and
subsequent need for mitigation. The existing disturbed nature of the site, including grading and fill placement, further
minimizes the potential for the DGR Project to result in a measurable adverse effect to the terrestrial environment.
However, some loss of plant species is unavoidable. This loss was assessed to determine the significance of effects
after taking the inherent mitigation measures into consideration, and was determined to not have a significant adverse
effect on the mixed forest communities located within the Site Study Area and Local Study Area.
Section 8.2.3 of the Terrestrial Environment TSD (GOLDER 2011) recommends that suitable mitigation measures
include a combination of several methods to minimize the of loss species and habitat associated with the clearing of
mixed forest on the site. Where possible, opportunities to retain tree cover could be investigated, and where retention is
not possible, exclusionary fencing to prevent additional loss during construction surrounding the DGR Project site will be
installed. Temporary construction fencing to protect vegetation will help prevent incidental damage and soil compaction
within driplines and along vegetation community edges caused by equipment and workers encroaching into areas
proposed for protection within the Site Study Area.
In addition, generally accepted Best Management Practices during construction will be used to minimize the transfer of
soils from the DGR Project site to natural features within the Project Area and Site Study Area, including the installation
and monitoring of a silt management fence. Regular scheduled monitoring (weekly inspection during construction of rail
bed crossing) of the both the silt management fence and temporary construction fencing is planned to prevent fence
failure through the identification of damage and direct repairs or replacement.
Re-vegetation will be completed for the rock pile as described in OPG’s response to Information Request (IR)
EIS-05-171 (OPG 2012a) and for the drainage ditches as described in OPG’s response to IR-EIS-05-192 (OPG 2012b),
Re-growth will be monitored as described in EA Follow-up Monitoring Program (NWMO 2011, Tables 3 and 6). Drainage
ditches will undergo routine inspection and maintenance as described in OPG’s response to IR-EIS-04-130 (OPG 2012c)
and IR-EIS-05-192 (OPG 2012b). Trees will be planted on the berms, and architectural trees will be planted near the
amenities buildings. Once site preparation and construction is completed, all unpaved surfaces will be re-vegetated with
native, non-invasive species.
One-time monitoring of the plant species communities and wildlife habitat use will be conducted after construction of the
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surface facilities in the mixed forest adjacent to the areas which have been cleared during the site preparation and
construction phase (NWMO 2011, Table 3a). Presence of suitable habitat will be used as a measure of success.
The EA Follow-up Monitoring Program will be assessed annually (NWMO 2011, Section 16) in accordance with CSA
N288.4-10. The annual assessment of the EA Follow-up Monitoring Program should identify the effectiveness of the
existing program in accomplishing its objectives; and program design problems, gaps, and procedural problems
(CSA 2010, Section 11.3.2).
As stated in Clause 5.3.4 of CSA N288.4-10 (CSA 2010),
“The design of the EMP shall be revised following the principles described in the Standard where the review specified in
Clause 5.3.3 indicates that
(a) The EMP objectives have not been adequately met;
(b) There is a change in the environmental risks; or
(c) There is a change in any requirement to measure the
(i)
Concentration, intensity , or other appropriate characteristic of a contaminant of physical stressor; or
(ii)
Effect on receptors in the environment.”
If the annual assessment of the EA Follow-up Monitoring Program determines that the objectives of the monitoring
programs are not met (e.g., mitigation measures are ineffective, verification of EA assumptions/predictions is not
achieved), the EA Follow-up Monitoring Program will be revised. The annual assessment of the program also provides
the opportunity to identify any gaps or differences between the effects predicted in the environmental assessment and
those observed. Appropriate adaptive management measures (mitigation measures) are identified as part of this
process. This annual review provides the mechanism for adaptive management.
OPG, since the spring of 2000, has planted approximately 5 million native trees and shrubs (Figure 1) on more than
2,400 hectares of ecologically significant lands in southern Ontario. This initiative is a major contribution to OPG's
Biodiversity Program and also contributes to climate change adaptation and mitigation (OPG 2013).
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Source: (OPG 2011)

Figure 1: OPG Cumulative Tree Planting
Rehabilitation after decommissioning of the DGR Project may include both active and passive naturalization of the
Project Area to provide additional suitable habitat for plant species and communities and/or wildlife species and
communities for which the habitats may be suitable.
OPG is accountable for the implementing all mitigation measures. The Canadian Nuclear Safety Commission is
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responsible for monitoring of these measures. All mitigation during site preparation and construction will be managed
within the framework of the ISO 140001 Environmental Management System.
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills. N288.4-10.
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc # 299)
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. 2011 Sustainable Development Report. (available at:
http://www.opg.com/pdf/Sustainable%20Development%20Reports/Sustainable%20Development%20Report%202011.pdf)

OPG. 2012a. OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD#
00216-CORR-00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012b. OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216CORR-00531-00145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Final Sub-set of Package #4 Information Requests, CD# 00216-CORR
00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
OPG. 2013. http://www.opg.com/safety/sustainable/forest/. (accessed on February 26, 2013).
EIS-08-354

 Section 12,
Accidents,
Malfunctions and
Malevolent Act

Information Request:
Provide draft fire protection and emergency repose plans that include all of the major components (i.e. as required under
the National Fire Code and federal and provincial emergency response protocols).
Identify likely fire scenarios during the construction and operational phases of the project. For each provide details on
mitigation measures aimed at preventing and responding to fires.
Provide a discussion how the emergency response plans of the DGR, the Bruce nuclear site, and offsite emergency
response plans are related, overlap or intersect.
Discuss whether the Bruce site emergency plan and offsite emergency response plans will be modified or expanded, and
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if so, how.
Context:
The EIS describes a number of potential malfunctions or accidents, including fires.
The Bruce nuclear site is served by its own internal emergency response team, medical and fire response facilities, in
addition to offsite emergency response plans. In addition, the DGR has proposed similar response plans. It is unclear
how the emergency response plans are related, overlap or intersect.
OPG Response:
OPG have provided numerous Information Request (IR) responses addressing the above requested information. The
following provides the relevant IR response reference, as well as a brief description of the response, for the specific
topics.
1) Provide draft fire protection plans that include all of the major components (i.e. as required under the National Fire
Code and federal and provincial emergency response protocols).


OPG’s response to IR-LPSC-01-36 (OPG 2012a) addresses a question on fire protection (FP) during
construction and included the following statements:
o

“A detailed Fire Protection Program for site preparation and construction will be prepared in accordance
with the National Building Code of Canada-Part 8, the National Fire Code of Canada, the Ontario Health
and Safety Act, and guidance from National Fire Protection Association (NFPA) standards 122 and 801,
and Ontario Regulation 213/81, which have all been reviewed for their relevance to this project.”

o

“A fire protection plan will be prepared which will be based on a fire hazard analysis based on guidance
from NFPA 122 and 801. The plan will be finalized once the construction contractors have been hired
and details of their construction equipment and on-site infrastructure are fully known.”

o

“However, the plan will outline the fire protection measures to be implemented during the construction of
the DGR, both for construction of the buildings and facilities, as well as for underground development.
There will be provisions to segregate hazardous material, limit combustible material, have available
numerous fire extinguishers, and have a site emergency response plan. The plan will be specific to the
availability of services and the activities/hazards associated with the activities to be completed.”



OPG’s response to IR-LPSC-01-02 (OPG 2012a) discusses the version of NBC and NFC codes the project is
following.



OPG’s response to IR-LPSC-01-43 (OPG 2012a) discusses preparation of a Fire Protection (FP) program for the
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operational phase similar to the FP Program for the site preparation and construction, as described in the
response to IR-LPSC-01-36.


OPG’s supplementary response to IR-LPSC-01-15 (OPG 2012b) includes a description of a Fire Protection
Program:
o

“The Fire Protection Program will be specific to the DGR, due to the unique fire protection requirements
associated with the facility, and will include a requirement for a Fire Hazard Analysis (FHA) based on the
guidance of NFPA 122 and 801.”

o

“Fire Protection Programs will be developed for the construction phase and for the operations phase of
the facility prior to the start of each phase. They will include required elements such as roles and
responsibilities, fire response, fire assessments, managing changes that affect fire protection, work
practice and procedures, fire planning, inspection and maintenance of fire protection systems, quality
assurance, housekeeping, storage and handling of hazardous goods, control of ignition sources,
transient material, reporting and drills.”

2) Provide draft emergency response plans that include all of the major components (i.e. as required under the National
Fire Code and federal and provincial emergency response protocols).


OPG’s response to IR-EIS-01-04 (OPG 2012a) states the DGR will follow OPG emergency response framework
and references specific examples of OPG procedures for radiation, fire, spill and emergency response.



OPG’s response to IR-EIS-05-186 (OPG 2012c) re-iterates previous IRs to show how emergency response
capacity is coordinated during all phases of the project.



OPG’s response to IR-LPSC-01-45 (OPG 2012a) details the roles of the Constructor, OPG, Bruce Power and
Mine Rescue teams for Construction and Operation phases, and the assurance of adequate capacity and coordination of emergency response.



OPG’s response to IR-LPSC-03-60 (OPG 2012d) details emergency egress routes for underground operation
personnel.



OPG’s response to IR-EIS-03-53 (OPG 2012d) discusses egress routes during phases of construction to
operations.



OPG’s response to IR-LPSC-03-61 (OPG 2012d) discusses the support of mine rescue teams.



OPG’s response to IR-EIS-03-76 (OPG 2012d) discusses the nuclear emergency response plan and emergency
zones.
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OPG’s response to IR-LPSC-01-41 (OPG 2012a) describes Bruce site events that could affect the DGR and how
these could impact emergency response.



OPG’s responses to IR-LPSC-01-15 (OPG 2012a, OPG 2012b) provide initial response to an
underground emergency.



OPG’s responses to IR-LPSC-01-22 (OPG 2012a, OPG 2012b) discuss fire suppression systems.



OPG’s responses to IR-LPSC-01-20 and IR-LPSC-01-26 (OPG 2012a) discuss fire water supply and tie-ins.



OPG’s response to IR-LPSC-01-37 (OPG 2012a) discusses the site emergency response procedures for all
workers and the use of emergency drills including the Bruce site nuclear emergency.

3) Identify likely fire scenarios during the construction phases of the project. For each provide details on mitigation
measures aimed at preventing and responding to fires.
4) Identify likely fire scenarios during the operational phases of the project. For each provide details on mitigation
measures aimed at preventing and responding to fires.


OPG’s supplementary response to IR-LPSC-01-15 (OPG 2012b) includes the following:
o

A FHA for construction and operations will be based on the guidance of NFPA 122 and 801. This FHA
will provide likely scenarios and details of mitigation measures aimed at preventing and responding to
fires. The FHA will be performed to assess the consequences of fires that pose a risk to:




Release of radioactive or otherwise hazardous material to the environment.
Increased radiation dose to site personnel including emergency responders.
Non radiation-related injury to site personnel.

The FHA will:








Consider both construction and operation phases of the facility.
Review performance criteria for detection and alarm systems.
Evaluate inspection, testing and maintenance of fire protection systems.
Identify where hazards exist which could potentially impact nuclear safety.
Identify the design basis fires and the fire growth scenarios based on credible operating
conditions.
Analyze the consequences of the design basis fires with respect to nuclear safety, personnel
safety and environment protection.
Postulate fire protection system impairment scenarios so as to verify available defence-in-depth
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measures.
Identify the potential consequences to personnel safety (not related to nuclear safety) and
determine if the consequences exceed criteria.
Evaluate the adequacy of the fire protection measures in mitigating the risk of hazards such that
the consequences do not exceed criteria.
Identify cases where additional fire protection measures are required to ensure that the
consequences of the design basis fires do not exceed criteria.



OPG’s response to IR-LPSC-01-41 (OPG 2012a) describes Bruce nuclear site events that could affect the DGR
and how these could impact emergency response.



OPG’s responses to IR-LPSC-01-22 (OPG 2012a, OPG 2012b) detail the planned fire suppression systems.



OPG’s response to IR-LPSC-01-09 (OPG 2012a) describes the refuge stations.



OPG’s response to IR-LPSC-01-10 (OPG 2012a) describes emergency power.



OPG’s response to IR-LPSC-03-59 (OPG 2012d) describes hardwired phones for emergencies.



OPG’s responses to IR-LPSC-01-20 and IR-LPSC-01-26 (OPG 2012a) discuss fire water supply and tie-ins.

5) Provide a discussion how the emergency response plans of the DGR, the Bruce nuclear site, and offsite emergency
response plans are related, overlap or intersect.


OPG’s response to IR-LPSC-01-41 (OPG 2012a) provides a detailed discussion of how the DGR might be
impacted by events occurring at the Bruce A and B nuclear generating stations, and OPG’s Western Waste
Management Facility (WWMF). In the summary of the response to IR-LPSC-01-41, it is stated that “the most
likely consequence of various postulated accidents at other facilities on the Bruce nuclear site is that they would
result in the DGR stopping its construction or operation activities and going into a shutdown mode”. The design
of the DGR, as described in Chapter 6 of the Preliminary Safety Report (OPG 2011), includes the necessary
features to address a postulated emergency event. These include communication systems, refuge areas,
availability of multiple egress, fire protection, emergency response and mine rescue, etc.



OPG’s response to IR-LPSC-01-37 (OPG 2012a) discusses the site emergency response procedures for all
workers and the use of emergency drills including the Bruce site nuclear emergency.



OPG’s response to IR-EIS-03-76 (OPG 2012d) provides information on rescue teams and nuclear emergency
response plan and emergency zones.



OPG’s response to IR-EIS-06-271 (OPG 2012e) describes what happens should an accident occur at one of the
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Bruce Nuclear Power Plants, and/or the WWMF. The DGR would be informed through the Bruce nuclear site
emergency sirens, tones and PA announcements, which are already in-place throughout the Bruce nuclear site.
Upon notification, work at the DGR facility would cease and the DGR emergency response procedures would be
implemented. Staff would report to the respective muster locations (e.g., underground refuge station) and await
further instruction.


OPG’s response to IR-LPSC-01-45 (OPG 2012a) provides information on emergency response and
preparedness arrangements for the construction phase of the DGR.



OPG’s response to IR-EIS-01-04 (OPG 2012a) provides information related to contingency planning during the
operations phase and references OPG procedures the DGR facility will be following.

6) Discuss whether the Bruce site emergency plan and offsite emergency response plans will be modified or expanded,
and if so, how.


The Bruce site emergency plan will be modified to include the DGR facility in its notification and response areas
when the DGR starts construction.



OPG’s response to EIS-06-269 (OPG 2012e) states that off-site emergency response plans do not need to be
modified or expanded for the DGR. The emergency response processes, and supporting DGR design
considerations, are described in response to IR-EIS-06-271 (OPG 2012e). With respect to notification,
protection and potential clean-up or restoration of the environment of adjacent communities, the evaluation of
postulated accident scenarios to support the preclosure safety analysis (OPG 2011, Chapter 7) showed no
beyond release limit conditions outside of the boundary of the Bruce nuclear site. As such, there would be no
requirement for notification or action (such as evacuation) outside of Bruce nuclear site as a result of a DGR
incident. However, OPG has established event notification procedures and will establish them for the DGR
project. Beyond notification requirements to the CNSC, should there be an event which triggers a public interest
notification, OPG has established protocols which are consistent with the CNSC RD/GD- 99.3, Public
Information and Disclosure requirements (i.e., anticipated effects on the environment, health or safety of the
public). Further to the above, and to provide clarity, the responsibility for nuclear facility off-site emergency
response in Ontario rests with Emergency Management Ontario, a part of the Ministry of Community Safety and
Correctional Services. The Provincial Nuclear Emergency Response Master Plan, and its associated
Implementing Plan for Bruce Power, prescribes the measures that should be undertaken to deal with a nuclear
emergency caused by an accident/event at the Bruce nuclear site. While these Plans focus on potential reactor
accidents, they provide the infrastructure and processes to handle other potential nuclear incidents as well.
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References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012. (CEAA
Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD# 00216CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117, July 9,
2012. (CEAA Registry Doc# 608)
OPG. 2012e. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-00531-00152,
November 29, 2012. (CEAA Registry Doc# 823)
EIS-08-355

 Section 12,
Accidents,
Malfunctions and
Malevolent Act

Information Request:
Re-analyze the accident scenario to better incorporate aerial assaults.
Provide estimates of the magnitude of forces generated by an aerial impact event and how these would affect the
infrastructure and integrity of the repository.
Discuss how an attack on the above ground nuclear reactors at the Bruce Nuclear site would impact operation, security
and stability of the DGR.
Context:
The security analysis seems to be based on a land assault. There is limited consideration given to any kind of aerial
assault. Because the site is already co-located with operating nuclear reactors, it is likely to have a higher risk of
purposeful assault, including an aerial one
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OPG Response:
It is important to keep in mind that OPG’s DGR:
(a) will only contain low and intermediate level waste;
(b) does not have any permanent storage of nuclear waste at surface; and
(c) waste emplacement rooms are 680 m below ground surface.
With respect to accident scenarios, the preclosure safety assessment (OPG 2011, Section 7.5) considered various
accidents at the surface Waste Package Receiving Building, assuming the building was temporarily full of waste
packages being staged for transfer underground. Scenarios included building collapse and fire. The accident
consequences for members of the public were small, e.g. dose consequences of around 0.001 mSv or less compared to
the accident dose criterion of 1 mSv.
Subsequently, OPG’s responses to Information Requests (IR) EIS-06-248 (OPG 2012a) and EIS-06-270 (OPG 2012b)
further considered large explosions, aircraft crashes and meteor impacts at the surface facility. An aerial assault could
have similar off-site consequences. The estimated public consequences for these types of events are around 0.1 mSv,
which is less than the accident dose criterion of 1 mSv. A credible aerial impact event cannot cause the release of
radioactive materials from wastes stored underground in the DGR.
With respect to a postulated attack on the nuclear reactors at the Bruce nuclear site, the consequences on the DGR
would be in large respect the same as for more conventional postulated accidents with the reactors. These are
discussed in OPG’s response to IR-LPSC-01-41 (OPG 2012c). DGR operations are relatively simple, and do not
depend on active cooling or active staffing. Backup generators at the DGR site can provide power for maintaining the
sump pumps. However, even if power is lost, the shaft bottoms have enough volume to provide water storage for
2 months at the design basis accident water inflow (4 L/s), or 1.6 years at the expected normal water inflow (0.45 L/s)
(EIS-05-185, OPG 2012d). In the event of an attack on the reactors, standard emergency protocols would be initiated at
the DGR site, including stopping package transfer, movement of staff to safe locations, shutdown or closing up of
ventilation systems, and placement of the facility into a shutdown mode.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
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OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
EIS-08-356

 Section 5.5,
International
Agreements

Information Request:
Provide a conceptual outline of plans on the methods, timing, and degree of information sharing proposed to address
any concerns by EPA and the MDEQ about the project's potential effects.
In particular address the communications protocol for the following:





any accidental, direct, untreated discharges to Lake Huron;
any exceedance of established Canadian radon standards;
radiation monitoring data and reporting on an annual basis and when there is an exceedance of Canadian air
quality standards; and
emergency plans that may potentially affect the United States.

Context:
The EPA and the MDEQ have requested to be informed about certain developments and monitoring parameters during
the construction and operation of the DGR.
OPG Response:
Accidental Discharge to Lake Huron
As discussed in OPG’s response to Information Request (IR) EIS-08-340, OPG’s obligation to report unplanned releases
is set out in legislation. Reporting is required to either the Spills Action Centre or the Canadian Nuclear Safety
Commission (CNSC), depending on the nature of the release. These agencies then follow established procedures, as
appropriate to the nature of the event, for subsequent reporting and coordination of responses.
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Radon
The results of the assessment (NWMO 2011a) completed for the DGR Project indicate there is no significant radon
hazard to the workers or the general public during construction and operation of the DGR. The concentration of radon in
the repository remains low during all phases of development. The highest concentration in an area where workers may
be present is on or near the waste rock pile, or in the ventilation exhaust tunnel. The concentration of radon in all
locations is less than the Derived Working Limit of 150 Bq/m3, based on the Canadian Guidelines for Management of
Naturally Occurring Radioactive Materials (HEALTH CANADA 2000). In addition, the worker dose rate is less than
1 mSv/year.
Considering the Derived Working Limit of 150 Bq/m3, there is no need for routine radon monitoring or development of an
action level. The DGR EA Follow-up Monitoring Program (NWMO 2011b) proposes checking of radon concentration
during construction, and then periodically during operation as part of routine air quality and radiological surveys to
assess its importance. An annual report will be prepared documenting the results of the DGR EA Follow-up Monitoring
Program.
Radiation Monitoring Data
The approach to regulating radioactive releases from nuclear facilities is described in the following quote from the CNSC
website (CNSC 2011):
“Radioactive releases from nuclear facilities can expose the public through a number of pathways such as
ingestion, food stuffs, and inhalation. Rather than apply specific limits to each of these, the CNSC requires that
the dose from all of these routes, to the most exposed person, does not exceed the public dose limit (1 mSv) and
be as low as reasonably achievable below the public dose limit. This is referred to as the As Low As Reasonably
Achievable (ALARA) principle. This is done by setting limits, called Derived Release Limits (DRLs), for the
airborne and liquid releases of radioactive materials under normal operation of nuclear facilities.
The DRL takes into account all exposure pathways; material falling onto the ground and absorption by crops and
animals and subsequent ingestion by persons and inhalation of air. The calculation of DRLs is based upon CSA
standard N288.1-08: Guidelines for Calculating Derived Release Limits for Radioactive Materials in Airborne
and Liquid Effluents for Normal Operation of Nuclear Facilities. The CNSC publishes the releases with respect
to the DRLs in INFO-210: Radioactive Release data from Canadian Nuclear Power Plants.
The DRLs serve to apply control at the source of release. Consequently, the release limits, or DRLs as
mentioned above, do not specifically limit radioactivity in ambient air, but they do limit rates of radioactivity
released at the point of discharge into the environment. They account for all reasonably possible routes of
exposure from airborne releases to members of the public, including inhalation.”
The Canadian Nuclear Safety Commission (CNSC) requires that each nuclear facility report annually the results of it
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radiological environmental monitoring program. A single report is prepared for the Bruce nuclear site, where Bruce
Power operates the nuclear generating facilities, and OPG operates the Western Waste Management Facility and the
proposed DGR. The report, which includes all nuclear facilities at the site, is prepared and submitted to the CNSC by
Bruce Power. The report is posted on the Bruce Power website
(http://www.brucepower.com/category/reports/environmental-reports/environmental-radiological-data/).
Emergency Plans
The Province of Ontario’s Nuclear Emergency Response Plan (EMO 2009) has been developed pursuant to Section 8 of
the Emergency Management and Civil Protection Act, R.S.O. 1990, c. E. 9 (GOVERNMENT OF ONTARIO 1990). This
Plan is administered by the Minister of Community Safety and Correctional Services of Ontario. Implementing Plans are
applied to each major nuclear site, transborder emergencies and other types of radiological emergencies, and detailed
provincial implementing plans developed. The Municipality of Kincardine Emergency Response Plan (MUNICIPALITY
OF KINCARDINE 2006, Appendix B) is the Emergency Response Plan applicable to the Bruce nuclear site.
The CNSC maintains the CNSC Emergency Response Plan (CNSC 2010). The Plan (CNSC 2010, Sections 2.1 and
3.3) describes “emergency events” and identifies the role of the CNSC, including its role “to establish and maintain
liaison with the Canadian nuclear facility or with foreign regulators (such as the United Stated Nuclear Regulatory
Commission (USNRC))”.
References:
CNSC. 2010. CNSC Emergency Response Plan CAN2-1. Canadian Nuclear Safety Commission. December 2010
(Revision 6). (accessed on January 18, 2013 at http://nuclearsafety.gc.ca/eng/pdfs/emergency-response-plan/CNSCEmergency-Response-Plan-CAN2-1_e.pdf)
CNSC. 2011. Canadian Nuclear Safety Commission website
http://nuclearsafety.gc.ca/eng/mediacentre/updates/2011/japan-earthquake/march-28-2011-japan-earthquake-safeconcentrations-of-radionuclides-air-water.cfm. (accessed on January 18, 2013)
EMO. 2009. Provincial Nuclear Emergency Response Plan, Master Plan. Emergency Management Ontario.
GOVERNMENT OF ONTARIO. 1990. Emergency Management and Civil Protection Act, R.S.O. 1990, c. E.9.
HEALTH CANADA. 2000. Canadian Guidelines for the Management of Naturally Occurring Radioactive Materials
(NORM).
MUNICIPALITY OF KINCARDINE. 2006. Emergency Response Plan, Schedule “A” to By-Law No. 2006-009.
(accessed on January 22, 2013 at
http://www.kincardine.net/public_docs/documents/MOK%20Emergency%20Response%20Plan%20rev%207%202006%
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20FINAL%20Clerk2.pdf)
NWMO. 2011a. Radon Assessment. Nuclear Waste Management Organization report NWMO DGR-TR-2011-34 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-08-357

 Section 10.1.3
Groundwater

Information Request:
Review Figures 6.6 to 6.8 in the Hydrological Modelling TSD to confirm that they accurately reproduce the pressure or
hydraulic head distribution beneath the state of Michigan portion of the Michigan Basin.
Explain the deviation between observed pressures or hydraulic head distribution beneath the state of Michigan portion of
the Michigan Basin and the modelling results presented in these figures.
Context:
Section 6.2 of the Hydrological Modelling TSD presents the results of an analysis of the hydrogeologic regime in a crossreferenced section of the entire Michigan Basin. It is not clear why this analysis was included or performed.
It appears that Figures 6.6 to 6.8 in the Hydrological Modelling TSD do not accurately reproduce the pressure or
hydraulic head distribution beneath the state of Michigan portion of the Michigan Basin. As an example, hydraulic head is
known to be extremely abnormally high in portions of the Silurian (principally the Ruff Formation and to a lesser extent
the A-2 Carbonate of the Salina Group). Additionally, the Total Dissolved Solids concentrations shown in Figure 6.5 of
the Hydrological Modelling TSD may be somewhat high for Cambrian and Ordovician formations.
OPG Response:
As described in the Hydrogeological Modelling Report (Sykes et al. 2011, Section 6.2) and in the Geosynthesis
(NWMO 2011, Section 5.4.8), the primary objective of the Michigan Basin cross-section analyses was to investigate the
over-pressures measured in the confined Cambrian aquifer beneath the Bruce nuclear site. In particular, the numerical
model was developed to explore the hypothesis that the observed over-pressures in the Cambrian could be related to
basin geometry, bedrock hydrostratigraphy and variable distribution of saline basin fluids. As part of the analyses five
scenarios were performed (Sykes et al. 2011, Table 6.1). The analyses were for illustrative purposes and no attempt
was made to calibrate the model to conditions in the Cambrian or in any other unit (NWMO 2011, Section 5.4.8). The
intent was to test numerically whether the above hypothesis could be substantiated. Based on the results, it was
concluded that the overpressures in the Cambrian could be attributable to the combined influences of basin geometry,
hydrostratigraphy, and the spatial distribution of fluid density in the Michigan Basin. No further information was drawn or
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implied from the analyses in the Geosynthesis (NWMO 2011) or the Preliminary Safety Report (OPG 2011).
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeological Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-08-358

 Section 14,
Cumulative
Effects
Assessment

Information Request:
Describe in more detail than is provided in the EIS the conceptual model used for the assessment of cumulative effects,
including the screening arguments used to eliminate synergistic effects from further analysis.
Further, provide the screening arguments used to eliminate interactions among VEC and multiple stressors.
Context:
In Section 14 of the EIS guidelines it is stated that the “EIS must include different forms of effects (e.g., synergistic,
additive, induced, spatial or temporal) and identify impact pathways and trends.” It is stated in Section 11 of the EIS
guidelines that “specific attention must be given to interactions between the project and the identified VECs.”
In Section 10 of the EIS, OPG does not describe if or how complex effects (e.g., synergistic, interactive) were
considered.
It is stated in Section 1.1 of the CEAA Cumulative Effects Practitioner’s Guide that “the incremental additive effects of the
proposed action on the VECs are assessed. If the nature of the effects interaction is more complex (e.g., synergistic),
then the effect is assessed on that basis, or why that is not reasonable or possible is explained.”
The use of an incremental, VEC-by-VEC approach does not produce an integrated cumulative effects assessment.
Integration of multiple stressors from all relevant human activities within the temporal and spatial boundaries for the
assessment should be considered, at least at a conceptual level, and then examined for their potential to produce
significant adverse effects.
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OPG Response:
For a cumulative effect to occur, the project in question has to have caused an effect. In this environmental assessment,
all non-trivial effects that remain after mitigation (i.e., residual adverse effects) were carried forward and considered in
the cumulative effects assessment.
In identifying the residual adverse effects of the project, both direct and indirect effects on the identified valued
ecosystem components (VECs) were considered. Direct effects were those that occurred when VECs are affected by
project work and activities (e.g., clearing of land during the construction phase resulting in the loss of eastern white
cedar). Indirect effects are those where changes to another VEC as a result of the project could have a synergistic effect
on the VEC in question. For example, changes in the groundwater quality VEC were also evaluated as an indirect (or
synergistic) effect on the eastern white cedar. When residual adverse effects of the project were identified, they included
the combined influence of both the direct and indirect (synergistic) effects of the project on the VEC in question.
Therefore, the Environmental Impact Statement (OPG 2011) explicitly addressed interactions among VECs and multiple
stressors among VECs.
In the EIS (OPG 2011, Table 5.3.2-1), a number of multi-feature VECs were identified that inherently considered the
combined effects of multiple stressors and the combined effect of individual VECs. This is another example where the
EIS explicitly addressed interactions among VECs and multiple stressors among VECs.
The residual adverse effects of the project were on the following VECs: surface water quantity and flow, eastern white
cedar, VECs in the South Railway Ditch (burrowing crayfish, redbelly dace, creek chub, variable pondweed and benthic
invertebrates), air quality, noise levels, other social assets within the socio-economic environment (changes in noise),
overall health for both a local resident and member of an Aboriginal community from exposure to acrolein, and Aboriginal
heritage resources(diminishment of quality or value of activities at the on-site burial ground). Human exposure to
radiation and radiation dose to non-human biota were included for the purposes of cumulative effects assessment even
though no residual adverse effect was identified. The residual adverse effect(s) on each of these VECs is summarized in
Table 10.3-1 of the EIS (OPG 2011). Of those effects, only adverse effects to the air quality, noise levels, socioeconomic environment and human health environmental component VECs extended beyond the Site Study Area.
In the cumulative effects assessment, all reasonably foreseeable projects within the temporal and spatial boundaries
were considered. For each of the residual adverse effects, the projects considered in the cumulative effects assessment
were examined to determine whether there was potential for cumulative effects with those VECs. In the event that a
cumulative effect was identified, both the direct and indirect (synergistic) cumulative effects would have been carried
forward. As summarized in Section 10.8 of the EIS, no likely adverse cumulative effects were identified (OPG 2011).
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Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
EIS-08-359

 Section 14,
Cumulative
Effects
Assessment

Information Request:
Describe how the use of individual thresholds for each VEC can be confidently used to assess cumulative effects to local
and regional terrestrial and aquatic ecosystems.
Explain how the overall integrity and resilience of the local ecosystem is adequately represented by the selected VECs
and how the monitoring and cumulative effects assessment may ensure that thresholds are not crossed.
Provide a figure showing how the various monitoring approaches inform one another in space, time and type of effect,
and how they are linked to effective response capabilities
Context:
This IR follows from EIS-08-358. Section 10 of the EIS guidelines states that “for the biological environment, baseline
data in the form of inventories alone is not sufficient for the joint review panel to assess effects. The proponent must
consider the resilience of species, communities, and their habitats.”
OPG provides a preliminary discussion of thresholds but does not assess the long-term integrity of the ecological
system. OPG does not explain how the overall integrity and resilience of the ecosystem will be maintained, including how
ecosystem-level thresholds will be identified and related effects managed through the measurement of VECs.
The follow-up monitoring described in Table 12.2-1 of the EIS does not explain how the individual monitoring efforts will
be sufficient to describe the integrity and resilience of the local ecosystem over the long term.
OPG Response:
In selecting the valued ecosystem components (VECs), consideration was given to identifying species that are indicative
of the ecosystem as a whole. While all components of the environment are important, it is neither practical nor
necessary to assess every potential effect of a project on every component of the environment. The environmental
assessment (EA) focuses on the components that have the greatest relevance in terms of value and sensitivity, and
which are most likely to be affected by the project. To achieve this focus, VECs are identified and assessed. A VEC is
considered to be the receptor for both project-specific effects and cumulative effects. A VEC is represented by a number
of indicators, such as habitat use, which are features of the VEC that may be affected.
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In identifying the residual adverse effects of the project, both direct and indirect effects on the identified VECs were
considered. Direct effects were those that occurred when a VEC is affected by one or more project works and activities
(e.g., clearing of land during the construction phase resulting in the loss of eastern white cedar). Indirect effects are
those where changes to another VEC as a result of the project could have a synergistic effect on the VEC in question.
For example, changes in groundwater quality VECs were also evaluated as an indirect (or synergistic) effect on the
eastern white cedar. When residual adverse effects of the project were identified, they included the combined influence
of both the direct and indirect (synergistic) effects of the project on the VEC in question. Therefore, the Environmental
Impact Statement (EIS) explicitly addressed interactions among VECs and multiple stressors between VECs.
In this EA, all non-trivial effects that remain after mitigation (i.e., residual adverse effects) were carried forward and
considered in the cumulative effects assessment.
Thresholds, as mentioned in the question, were only used in defining magnitudes of residual adverse effects and
contributed to the determination of whether an adverse effect was considered to be significant or not. Thresholds were
not relied on for determining if an effect was advanced for consideration in the cumulative effects assessment. The
thresholds, as well as the VECs, selected for use in the EIS gave consideration to both the individual species as well as
the resilience of the ecosystem.
A plan for a follow-up monitoring program to verify the accuracy of the assessment and to determine the effectiveness of
the measures implemented to mitigate adverse effects is a requirement of the EIS Guidelines. The monitoring identified
in Table 12.2-1 of the EIS will provide information regarding the actual magnitude of the identified adverse effects
experienced by those VECs used to characterize the effects of the project on the ecosystem as a whole. The need for
additional mitigation would be identified through reviewing the results of the monitoring program (i.e., where results differ
from effects predictions) to ensure thresholds within the environment are not being exceeded. A more detailed
description of the EA follow-up monitoring program, including a discussion of the program assessment, is provided in the
EA Follow-up Monitoring Program (NWMO 2011).
The environmental monitoring framework includes four groups of monitoring activities: EA follow-up monitoring,
environmental management plan monitoring, radiological regulatory monitoring and conventional regulatory monitoring.
Some elements of the groups will overlap with others at some times. In lieu of a figure, a tabular summary of the
proposed follow-up monitoring program is provided as Table 1 of the DGR EA Follow-up Monitoring Program
(NWMO 2011) consistent with the requirements of the EIS Guidelines (CEAA and CNSC 2009, Section 16). Table 1
provides a summary of all of the components of the monitoring programs, across all four groups of the framework, and
also includes the baseline monitoring activities that are anticipated prior to the site preparation and construction phase.
It presents the various environmental components, how each component is monitored in the different program groups
and the timing and continuation of each activity described in Tables 2 through 6. Tables 2 through 6 present details of
each monitoring activity, including location, timing and type of effect. Table 1 provides the linkages between the

1158

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
activities, both through the different phases of the DGR Project, and across the program groupings.
The division of the program into four groups is, in part, an administrative tool to facilitate the reporting and review of the
different aspects of the program. The monitoring program will be managed as a whole within the structure of an
Environmental Management System (EMS). Planned environmental monitoring activities will be implemented, results
will be reviewed and changes to the monitoring program identified if necessary, within the EMS and in accordance with
the CSA standard “Environmental monitoring programs at Class I nuclear facilities and uranium mines and mills”
(CSA 2010).
As described in OPG’s response to EIS-06-276 (OPG 2012), adaptive management (effective response capabilities) has
been incorporated into the EA follow-up monitoring program.
References:
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc# 150)
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills. N288.4-10.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization report NWMO DGRTR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)

EIS-08-360

 Section 14,
Cumulative
Effects
Assessment

Information Request:
Explain how the cumulative effects assessment informed the evaluation of alternative means of carrying out the Project,
as well as the selection of the preferred alternative.
Context:
In Section 7.3 of the EIS, it is stated that the EIS “must also describe the environmental effects of each alternative
means. In describing the preferred means, the EIS should identify the relative consideration of environmental effects,
and technical and economic feasibility. The criteria used to identify alternative means as unacceptable, and how these
criteria were applied, must be described, as must the criteria used to examine the environmental effects of each
remaining alternative means to identify a preferred alternative.“
It is unclear how cumulative affects assessment informed the evaluation of alternative means.
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OPG Response:
Section 7.3 of the Environmental Impact Statement (EIS) (OPG 2011) discusses the assessment of effects of the DGR
Project on the Hydrology and Surface Water Quality environment. Section 7.3 of the EIS Guidelines (CEAA and CNSC
2009) presents the requirements for Alternative Means of Carrying Out the Project. The EIS (OPG 2011, Sections 3.3
and 3.4) presents the consideration of environmental effects, and technical and economic feasibility of the alternatives to
the project and alternative means of carrying out the project. OPG’s response to Information Request (IR) EIS-03-49
(OPG 2012) provides additional information on the evaluation of alternative means of carrying out the project.
The EIS Guidelines (CEAA and CNSC 2009, Section 14) state that “the proponent must identify and evaluate the
cumulative adverse effects of the project in combination with other past, present or reasonably foreseeable projects
and/or activities within the study area”. OPG presents the cumulative effects assessment in Section 10 of the EIS. The
‘project’ that is assessed in combination with other projects is identified through the evaluation of alternatives to and
alternative means of carrying out the project.
The cumulative effects assessment did not inform the evaluation of alternative means of carrying out the project or the
selection of the preferred project. The Canadian Environmental Assessment Agency (CEAA 1999, Section 3.1) states
that the substantive work in a cumulative effects assessment (CEA) is often done after the initial identification of effects
have been completed in an EIS. In this way, the early identification of direct project effects "paves the way" for
cumulative effects to be assessed.
If the cumulative effects assessment for the DGR project had identified significant adverse impacts, then looking at
alternative means of carrying out the project could have been considered to mitigate those impacts, but this situation did
not arise.
References:
CEAA. 1999. Canadian Environmental Assessment Agency’s Cumulative Effects Assessment Practitioners’ Guide.
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc# 150)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
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Residual Effects

Information Request and Response

Information Request:
Explain the rationale for not assessing effects that may not be significant on their own, but that may still be significant at
the cumulative effects level; i.e., interactive effects via processes such as trophic cascades or changes caused by
alteration in a habitat-related VEC
Describe the logic used to assess the significance of cumulative effects, including significance over the entire spatial and
temporal scale of the proposed project.
Context:
This IR follows from EIS-08-358. In Section 11.3 of the EIS guidelines, it is stated that “the EIS must clearly explain the
method and definitions used to describe the level of the adverse effect (e.g., low, medium, high) for each of the above
categories and how these levels were combined to produce an overall conclusion on the significance of adverse effects
for each VEC.”
Section 3.1 of the CEAA Cumulative Effects Practitioners Guide provides the following fundamental direction for
cumulative effects assessment:
a) Determine if the project will have an effect on a VEC.
b) If such an effect can be demonstrated, determine if the incremental effect acts cumulatively with the effects of other
actions, either past, existing or future.
c) Determine if the effect of the project, in combination with the other effects, may cause a significant change now or in
the future in the characteristics of the VEC after the application of mitigation for that project.
In Section 3.5.2 it is noted that a “cumulative effect on a VEC may be significant even though each individual projectspecific assessment of that same VEC concludes that the effects are insignificant. This is a fundamental principle in the
understanding of cumulative effects”. It is also noted that “an insignificant local effect may still contribute to a significant
cumulative effect.”
OPG Response:
As discussed in OPG’s response to EIS-08-360, cumulative effects are assessed for residual adverse effects of the
proposed project, in combination with the effects of other projects that may overlap temporally or geographically. All
residual adverse effects are carried forward for consideration in the cumulative effects assessment, whether or not they
have been assessed as significant. Table 1 summarizes the components of the environment for which residual adverse
effects were identified, and references the section of the Environmental Impact Statement (EIS) (OPG 2011) where the
assessment of cumulative effects of each residual adverse effect is considered.
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The EIS (OPG 2011, Section 10.2) describes the method used to assess the cumulative effects of the DGR Project. The
method used is consistent with the guidance provided by Hegmann et al. (1999). Section 7.1 (OPG 2011) describes the
method used to determine significance. As no residual adverse cumulative effects were identified, assessment of
significance was not warranted.
Table 1: Summary of Residual Adverse Effects and Cumulative Effects Assessed
Residual Adverse
Effects Identified

Assessment of
Significance
(OPG 2011)

Assessment of
Cumulative Effects
(OPG 2011)

None

N/A

N/A

Hydrology and Surface
Water Quality

Yes

Section 7.3.3
(not significant)

Section 10.6.1

Terrestrial Environment

Yes

Section 7.4.3
(not significant)

Section 10.6.2

Aquatic Environment

Yes

Section 7.5.3
(not significant)

Section 10.6.3

None

N/A

Section 10.6.6

Air Quality

Yes

Section 7.7.3
(not significant)

Section 10.6.4

Noise and Vibration

Yes

Section 7.8.3
(not significant)

Section 10.6.5

Component of the
Environment
Geology

Radiological Conditions

Note: N/A – Not Applicable
Residual adverse effects on the Aboriginal interests, socio-economic environment and human health environmental
components were identified in Sections 7.9.3, 7.10.3 and 7.11.6 of the EIS (OPG 2011), respectively. These residual
adverse effects are due to changes in other environmental component valued ecosystem components (i.e., indirect
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effects). Therefore, potential cumulative effects associated with these residual adverse effects were considered through
the assessment of other environmental components. For example, a potential cumulative effect on the residual adverse
effect to human health from exposure to acrolein in air was considered through the assessment of air quality (OPG 2011,
Section 10.5.1.4).
References:
Hegmann, G., C. Cocklin, R. Creasey, S. Dupuis, A. Kennedy, L. Kingsley, W. Ross, H. Spaling and D. Stalker. 1999.
Cumulative Effects Assessment Practitioners Guide. Prepared by AXYS Environmental Consulting Ltd. and the CEA
Working Group for the Canadian Environmental Assessment Agency, Hull, Quebec.
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)

EIS-08-362

 Section 11.3,
Significance of
Residual Effects

Information Request:
Describe the professional qualifications of the members of the project team in order to demonstrate that their
professional judgment is sufficient, given that many aspects of the assessment of significance of residual effects are
either qualitative or the chosen magnitudes are based solely upon the professional judgment of the project team.
Provide details on the process used to come to a consensus among professionals involved in the evaluation of
significance. Indicate where the reported professional judgment was unanimous, and where the presented conclusion
represents a compromise (or synthesis or averaging, etc.) among a range of professional positions.
Provide justification for the choice of magnitudes for levels of significance (e.g., Table 7.5.3-1, relating to magnitude level
definition for Aquatic Environment VECs).
Define ‘Social/Ecological importance’, and explain how it was determined and by whom.
Describe how the level of irreversibility may be determined for effects on the individual VECs.
Context:
Section 11.3 of the EIS guidelines states that “the EIS must clearly explain the method and definitions used to describe
the level of the adverse effect (e.g., low, medium, high) for each of the above categories and how these levels were
combined to produce an overall conclusion on the significance of adverse effects for each VEC.”
In various instances in Section 7 of the EIS, the significance of the environmental effects on the various VECs is
determined based on the following concerns (quoting from EIS Section 7.8.3) “magnitude, geographic extent, timing and
duration, frequency, and degree of irreversibility are combined to identify an environmental consequence.” In each
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instance, a figure is provided that shows the decision-making procedure for determining significance amongst these
concerns (e.g. EIS Figure 7.8.3-1).
OPG has not detailed how the decision-making tree was followed through, or who was undertaking the decision-making
process.
Within the decision-making procedure itself, OPG bases significance upon the “social/ecological importance” of the VEC,
without explanation of how importance was determined.
OPG Response:
The contract for completion of the environmental assessment of OPG’s Deep Geologic Repository was awarded to
Golder Associates Ltd. following a competitive process. The process included a review of each submitted proposal
relative to criteria, which included qualifications of project staff. Following award of contract, the contractor is required to
provide (to OPG and subsequently to NWMO) notification of changes to key project personnel in advance of substitution.
Each of Golder’s discipline-specific project teams includes a Senior Reviewer, and an Intermediate Professional at a
minimum; other personnel may have been involved depending on the discipline. The Senior Reviewer is a professional,
educated and experienced in the discipline; the Intermediate Professional is a professional, educated in the discipline but
with fewer years of experience. The Project Manager and Deputy Project Manager participated in the assessment of
significance for all components of the environment to ensure the approach was applied consistently across the
disciplines. Table 1 lists the academic qualifications, years of experience and other designations for each of the
participants.
Table 1: Professional Qualifications of EA Professionals
Personnel

Academic Qualification

Years Experience

Designation/Other

Project Manager

B.A.Sc.

26

P.Eng. (AB)

Deputy Project Manager

B.A.Sc.

10

P.Eng.

Ph.D.

28

P.Eng.

B.Sc.; A.Sc.T.

12

EPI
QEP
Licenced Toxic Substance
Reduction Planner

B.A.Sc.

13

P.Eng.

Air Quality and Noise Senior
Reviewer
Air Quality Professional
Noise Professional
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Hydrology/Surface Water
Quality Senior Reviewer

M.Eng.

25

P.Eng.

Hydrology/Surface Water
Quality Professional

M.Eng.

19

P.Eng.

Aquatic and Terrestrial
Environment Senior Reviewer

M.Sc.

26

–

Aquatic Environment
Professional

B.Sc.

13

–

B.A.; EMPD

16

–

Geology Senior Reviewer

M.Sc.

26

P.Geo.

Geology Professional

B.Sc.

26

P.Geo.

B.Sc.; M.E.S.

25

–

Socio-economic Professional

B.E.S. (Environmental
Studies/Economics); M.A.
(Resource Economics)

25

–

Economist

B.A. (Geography); M.Sc.
(Economics)

40

–

B.A. (Sociology); M.A. and
Ph.D. (Communications/
Sociology)

20

–

M.Sc. Radiation and
Environmental Protection

16

Chartered Radiation Protection
Professional (2008 to present)
Radiation Protection Advisor
under the UK Ionising
Radiation Regulations
(2003 – 2008)

Diploma, Engineering
Physics

18

AMEC NSS, Manager for
Environment and Radioactive

Terrestrial Environment
Professional

Socio-economic Senior
Reviewer and Aboriginal
Interests Lead

Aboriginal Interests Senior
Reviewer

Radiation Senior Reviewer

Radiation
Professional 1
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Waste Management (2004 to
present)
Member of the International
Atomic Energy Agency Contact
Expert Group on Radioactive
Waste and Spent Nuclear Fuel
Management (1998-2011)
Associate Member of the
Canadian Standards
Association (CSA) N288
Technical Committee on
Environmental Radiation
Protection (2012 to present)
Member of N288.1 Technical
Subcommittee on Guidelines
for Calculating Derived
Released Limits for
Radioactive Material in
Airborne and Liquid Effluents
for Normal Operation of
Nuclear Facilities (2012 to
present)
Radiation Professional 2

Senior Environmental Engineer

M.Eng.

14

M.A.Sc. Chemical and
Environmental Engineering

9 (nuclear
industry);
5 (dose to nonhuman biota)

Senior Analyst, AMEC NSS,
Environment and Radioactive
Waste Management
P.Eng.

Note:
– No formal designation

Significance was assessed by a technical specialist(s) for each environmental component. The technical specialist’s
evaluation was reviewed by and discussed with the technical lead and/or senior reviewer. Finally, the significance
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evaluation was reviewed by the project manager/deputy project manager. The evaluation of significance considered all
of these professional positions and was conducted using a precautionary approach. Where there was a potential for
uncertainty, or the technical specialist(s) and reviewers differed in their professional judgment, the most conservative
judgment formed the conclusion. Thus, none of the conclusions presented in the Environmental Impact Statement (EIS)
for evaluation of significance are representative of compromise, synthesis or averaging of a range of professional
positions.
As discussed in OPG’s response to Information Request (IR) EIS-03-44 (OPG 2012), sustainability (as a guiding
principle for the assessment as described in the EIS Guidelines (CEAA and CNSC 2009)) was considered when defining
magnitude levels to evaluate the significance of residual adverse effects on Aquatic VECs. The assessment of potential
effects of the DGR Project on the Aquatic Environment considered the availability and importance of habitat critical to the
sustainability of the VECs. Any loss of habitat was considered an adverse effect, with the loss of non-critical habitat
considered to be of low magnitude. Medium magnitudes were assigned when critical habitat is lost but there is
comparable habitat elsewhere within the watercourse. For critical habitat that is lost but not available elsewhere in the
watercourse, high magnitudes were assigned.
‘Social/ecological importance’ was based on characteristics of the VEC, such as its importance to the ecosystem,
abundance, tolerance and the value or importance it holds within an affected community in terms of economic and social
benefits. It was determined using the professional judgment of the technical specialists responsible for each
environmental component who used knowledge of local populations, habitat availability, Aboriginal traditional knowledge
and information gained through stakeholder consultation.
As discussed in OPG’s response to IR-EIS-03-44 (OPG 2012), guiding principles for the assessment as described in the
EIS Guidelines (CEAA and CNSC 2009) were applied to assign a level of significance rating to the degree of
irreversibility effects criterion. The precautionary principle and the guiding principle of sustainable development were
applied in assessing irreversibility. Only effects that are immediately reversible were considered to be of “low”
significance. Such effects would have no impact beyond the life of the project. The degree of irreversibility was
considered to be “high” if the effect is permanent. If the effect is reversible with time, the degree of irreversibility was
considered to be “medium”. These effects have the potential to affect the environment beyond the life of the project. For
example, increased off-site noise levels during the site preparation and construction and decommissioning phases was
assessed to result in a residual adverse effect on the use and enjoyment of personal property. Since the increased
noise levels will cease once these phases are complete but will take some time for people’s enjoyment of their property
to recover, the degree of reversibility was deemed “medium”.
References:
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc# 150)
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OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc #608)
EIS-08-363

 Section 5.2,
Project Overview
and Purpose

Information Request:
Explain the rationale for the 300-year timeframe for passive monitoring, given the long time-frame of the project.
Context:
The L&ILW in the proposed DGR will be radioactive beyond 300 years.
OPG Response:
The 300-year timeframe is the period of institutional control, following DGR closure, assumed for postclosure safety
assessment purposes. As is explained in OPG’s response to Information Request EIS-05-181 (OPG 2012), as part of
the discussion on institutional controls, an assumed period of institutional control of 300 years is consistent with
international practice. Given that institutional controls are assumed not to be in place after 300 years, it is conservatively
postulated for safety assessment purposes that there could be inadvertent intrusion into the repository by drilling after
300 years.
The period of monitoring following DGR closure will be determined in consultation with the community and regulatory
authorities many decades from now.
References:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-08-364

 Section 8.3,
Abandonment

Information Request:
Explain how OPG’s plans for operating the DGR anticipate requirements for future passive control. Include reference
adaptive management plans and processes.
Describe OPG’s reasonably anticipated range of possible requirements for abandonment.
Context:
In Table 2.6.1-1 of the EIS, OPG mentions “at this time there are no specific plans [for passive control]. Control
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mechanisms aren’t required for another 50 to 100 years. At that time, it is expected several countries will be in the same
position, and that a solution will be developed with international consensus.”
OPG Response:
OPG’s response to Information Request (IR) EIS-05-181 (OPG 2012) provides a conceptual abandonment plan and
discusses postclosure institutional control. Anticipated requirements for abandonment and future passive control are
included in the response to this IR.
OPG’s plans for the operational phase of the DGR facilitate, and do not preclude, a range of passive controls. For
example, documentation of design and operational information useful for the postclosure phase will be maintained in a
secure records management system to ensure knowledge preservation. Also, the possible use of location markers is not
precluded and can be resolved during the decommissioning phase and as part of the planning for abandonment, as can
the details of land use restrictions.
In the Context section of this IR, a quote is provided from Table 2.6.1-1 (Item 16) of the Environmental Impact Statement
(OPG 2011). This quote deals with a question related to location markers that came up in a DGR Open House, and
does not deal with passive controls in general.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-08-365

 Section 8.7,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Elaborate on the response to EIS 01-03. Provide specific definitions for “possible” events, “unlikely” events, and “noncredible” events for each of the initiating events. Support the definitions with references or detailed justification to
supplement the reference supplied in the response to EIS 01-03.
Context:
In Section 8.1 of the EIS, OPG outlines three categories that describe the likelihood of impacts:


possible events: annual frequency greater than 10-2;
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unlikely events: annual frequency between 10-2 and 10-7; and
non-credible events: annual frequency of 10-7.

The above general definitions may not be appropriate for specific initiating events. Labeling certain events as ‘unlikely’
may be misleading, given the long timeframe of the Project and the likelihood of these events over the long term.
It is anticipated that the definitions will vary with each initiating event.
OPG Response:
The definitions are as noted in the Environmental Impact Statement (EIS) (OPG 2011a, Section 8.1) and repeated in the
above Context. The categories were based on the likelihood of events occurring that could lead to radiological releases
during the planned operational period of about 50 years. They were not used for assessing accidents in the postclosure
period. The three categories therefore correspond respectively to events that would have a high probability of occurring
during the operational period (“possible events”), a low probability of occurring during the operational period (“unlikely
events”), and a very low probability of occurring during the operational period (”non-credible events”).
However, as discussed in the EIS (OPG 2011a, Section 8.1) and the Preliminary Safety Report (OPG 2011b, Section
7.5.1.2), and in OPG’s response to Information Request (IR) EIS-01-03 (OPG 2012a), the precise distinction between
“possible” and “unlikely” events is not important to the DGR safety assessment since all such events are considered in
the subsequent bounding accident scenarios, and the same dose constraint was applied.
Furthermore, the potential consequences of non-credible accidents such as explosion and tornado are further discussed
in the OPG response to IR-EIS-06-270 (OPG 2012b).
References:
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)
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Information Request:
Describe the ‘considerable international experience’ of other DGR projects sufficiently to establish how the success and
failure of other DGR-type projects can inform the proposed DGR.
Provide any detail of the facilities in Forsmark, Sweden (commissioned in 1988) and Loviisa, Finland (operating since
1997) to indicate what insights have been gained, what uncertainties remain, and how the operating experience should
be applied for the proposed DGR.
Context:
In Section 7.10.2.11 of the EIS, OPG notes that the proposed DGR project introduces a new type of facility that is unique
to North America. However, to counter the concerns of related to the uniqueness of the undertaking, Section 3.3.7 of the
EIS and the Executive Summary of the IAS both mention considerable international experience with all three options
(enhanced processing and storage, surface concrete vaults, and deep rock vaults) for the long-term storage of LILW.
The two deep rock vaults noted in the IAS relate to one in Forsmark, Sweden (commissioned in 1988) and Loviisa,
Finland (operating since 1997).
OPG Response:
Utilization of international experience has been, and will continue to be, an important aspect in the development and
future operation and decommissioning of the DGR. DGR project staff have visited repository sites in Finland, Germany,
Sweden and the USA to gain and exchange experience in the areas of site characterization, design, operation, safety
assessment, regulatory practices and public engagement.
Information already on the DGR public registry (CEAA Registry Doc# 521) submitted by the Canadian Nuclear Safety
Commission (CNSC 2012) provides technical details of the Forsmark and Loviisa repositories.
Insights gained from international repository projects include:






comprehensive public engagement programs are an important part of attaining public acceptance of repository
projects;
geological conditions as well as the roles of various natural and engineered barriers are unique at each
repository site and strongly influence the safety case at each site;
the efficacy of specific site characterization methods;
the importance of ensuring no significant groundwater flow paths into a repository;
concurrent room excavation and waste emplacement, versus having these activities sequential is an important
design and operational consideration;
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the importance of maintaining the safety case consistent with actual waste inventories;
approaches to preclosure and postclosure safety assessments;
issues with certain waste conveyance methods, in shaft and underground; and
plans for shaft seal design.

Uncertainties are generally very repository-design specific; hence any uncertainties remaining relative to the operational
Forsmark and Loviisa repositories are not necessarily pertinent to OPG’s DGR.
Reference:
CNSC. 2012. Overview of the Relevance of Existing Waste Repositories to OPG’s Proposed Deep Geologic Repository
(DGR) for Low and Intermediate Level radioactive Waste (L&ILW). CNSC Memorandum 2.05/37-2-6-0. (CEAA Registry
Doc# 521)
EIS-08-367

 Section 13, LongTerm Safety of
the DGR

Information Request:
Explain how OPG’s technologies and mitigation and management methods have been proven. Define the criteria used to
determine whether a technology or method is “proven”. Explain whether these “proven” technologies relate only to LLW,
or also include ILW.
Context:
It is noted in Section 3.3.5.2 of the EIS that “the engineering feasibility studies found that each of the long-term
management options is technically feasible, uses internationally proven technology and is capable of accommodating all
of the LLW currently stored and likely to be received in future.”
In Section 3.3.5.3 of the EIS it is noted that “the screening determined that, while each the options for the long-term
waste management facility had the potential to cause effects on the environment, all the identified potential effects can
be appropriately managed using proven mitigation and management methods.”
OPG should elaborate on its definition of a proven technology, and provide justification for how both the technologies
and mitigation and management methods have been proven for both LLW and ILW.
OPG Response:
The “engineering feasibility studies” in the quote provided in the Context refers to the Independent Assessment Study
(IAS) performed by Golder Associates in 2003/2004 on behalf of OPG and the Municipality of Kincardine (GOLDER
2004). The reference to “internationally proven technology” would have been made in the IAS in the context of the
options studied in the IAS, namely: Enhanced Processing and Storage, Surface Concrete Vaults and Deep Rock Vaults.
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Section 2.4 in the IAS provides examples of where internationally there were facilities representing each of these options
in operation at the time, hence ‘proven’.
It is OPG’s intent to use proven technology whenever possible in the design, construction and operation of the proposed
DGR facility. In this context ‘proven’ means that the use of the technology has been successfully demonstrated before,
or is a small extension of proven technology such that there is a high level of assurance that its application will be
successful. With this in mind, OPG’s intentions in a number of areas of use of technology, mitigation methods and
management methods are described below.
Mine Development, Operation and Closure Technology
The DGR shafts will be developed using conventional controlled drill and blast techniques, and the shaft workings (e.g.,
shaft headframes, collar, ground support, steel sets, liner, etc.) are common to the mining industry and use readily
available (“off-the-shelf”) technology and construction methodologies. The reference for lateral development is also
conventional controlled drill and blast techniques. This is common in the mining industry, and is also the means of
development in other international repository projects (e.g., Sweden and Finland). The shaft hoists, both the Koepe and
Blair multi-rope configurations, have been selected to provide a level of safety (i.e., multi-rope configurations), as well as,
having proven application tested and available in the market. The main shaft Koepe hoist is very similar in specification
to that at the Waste Isolation Pilot Plant in Carlsbad, New Mexico, which transfers low and intermediate level waste
safely and has been operating for over 20 years. The underground ventilation system consists of “off-the-shelf”
equipment that is typical of underground facilities, both mining and operating waste repositories. As described in OPG’s
response to Information Request (IR) EIS-03-64 (OPG 2012a) the closure shaft seals consist of relatively simple and
durable materials that are placed using proven application methods (i.e., placement of materials in lifts and compacted
in-place).
Refer to OPG’s presentation and written submission for the Technical Information Session #1 (OPG 2012b) for more
information on the mine development, operation and closure aspects of the DGR project.
Waste Transfer and Underground Placement
Waste container transfer processes and equipment, with the exception of transfer within the shaft, are similar to those
that have been employed in the handling of waste at OPG’s Western Waste Management Facility (WWMF) over the last
40 years. The majority of waste containers will be transferred from WWMF to the main shaft, and from the base of the
main shaft to emplacement rooms, using forklifts, the primary means of waste container transfer and stacking at the
WWMF. Transfer in the shaft, utilizes existing technology and safeguards to ensure stable and intact shipment. Refer to
OPG’s response to IR-EIS-08-344 (OPG 2013) for additional information on waste transfer.
Mitigation Methods
As part of design evolution, risk assessments are conducted to identify areas that could have an effect on conventional,
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preclosure or postclosure safety of the DGR. Where possible, the risk is mitigated through the design (e.g., multi-rope
hoists, additional shielding, etc.). Where the risk is beyond the design basis or standard, additional contingency
measures may be identified. Examples of this would include the identification of water treatment options for
pre-treatment of stormwater discharge, or the identification of portable pumping equipment in the event of repository
flooding (assuming failure of the redundant dewatering system that is sized for the shaft liner failure scenario). Such
mitigation methods are being successfully utilized in many other mine-related applications, and hence are considered
well proven.
Management Methods
The management methods employed on the DGR project are modeled on the best industry practices and the extensive
experience of OPG.
All of the above examples of ‘proven’ technologies, mitigation methods and management methods are applicable to
whether the wastes to be handled and emplaced in the repository are low-level waste or intermediate-level waste.
Different methods (e.g., provision of additional shielding) of handling higher-activity intermediate-level waste, compared
to low-level waste may be required, but these methods have been in use at the WWMF for many years.
References:
GOLDER. 2004. Final Report on Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report to Steering
Committee Municipality of Kincardine and Ontario Power Generation. Mississauga, Canada.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)

EIS-08-368

 Section 16,
Follow-up

Information Request:
Describe how OPG will ensure that its follow-up program will be sufficiently comprehensive to adequately characterize
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the socioeconomic system beyond the 2009 baseline.
Provide additional rationale with respect to the effects of the DGR on the tourism and cottaging sectors due to the
location of the DGR being near Lake Huron.
Context:
Table 12.2-1 in the EIS outlines the proposed monitoring for the socioeconomic environment.
This socioeconomic monitoring program may not detect all likely effects. For example boom and bust effects may be
missed if the monitoring ignores periods of low employment, such as following decommissioning.
Further information is also required to assess the effects on the tourism and cottaging sectors
OPG Response:
Socio-economic Follow-up Activities
The Environmental Impact Statement (OPG 2011a) does not predict adverse socio-economic effects as a result of the
DGR Project beyond a noise-related effect on the use and enjoyment of property near Baie du Doré.
The EA Follow-up Monitoring Program (NWMO 2011, Table 12.2-1) indicates that public attitude research (PAR) will be
completed during the peak year of employment, when the magnitude of effects of the site preparation and construction
phase workers are predicted to be greatest, and subsequent to accidents or malfunctions resulting in a release of
radioactive contamination to the environment. Subsequently, this activity will be integrated with the PAR activities
conducted by OPG (in accordance with CNSC RD 393) for its operating facilities at the Western Waste Management
Facility (WWMF).
Through continuation of its engagement programs, described in the Preliminary Safety Report (OPG 2011b, Section 12),
OPG will maintain an awareness of stakeholder and public concerns that might relate to effects on the socio-economic
environment.
Effects on Tourism and the Cottaging Sector
In the Socio-economic Environment Technical Support Document (TSD) (AECOM 2011), likely effects on tourism were
assessed using a variety of data sources including the results of stakeholder interviews and field surveys, past
experience, case studies and professional judgment.
The required on-site labour force during the site preparation and construction phase is estimated to be less than 200
workers. The number of on-site jobs by project phase is shown in Table 1.
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Table 1: DGR Project On-site Jobs (2013 – 2062)
Phase
Site Preparation and Construction
Operations
Decommissioning

Annual Employment Range (#)

Period (Years)

83 – 195

2013 – 2018

41

2017 – 2058

4 – 125

2055 – 2062

During the site preparation and construction, and the decommissioning phases of the DGR Project, some competition for
temporary accommodation is anticipated but is not expected to be of sufficient magnitude to affect the tourist
accommodation industry. Interviews with tourist accommodation providers across the Regional and Local Study Areas
(RSA and LSA) indicate that most operators attribute some of their business to the presence of the Bruce nuclear site
and its employees or activities, and some indicated that up to 70% of their business can be attributed to site employees.
The increased number of workers on-site because of the DGR Project, and increased number of corporate clients using
local hotels and motels during the off-season, is likely to help maintain the economic viability of these businesses.
However, it is not expected to be of sufficient magnitude to generate substantial re-investment in these facilities by their
owners, nor encourage the improvement of the tourist accommodation stock over the long-term. During the operations
phase the workforce is small and it is anticipated most workers and their families will seek long-term permanent housing
rather than temporary accommodation, and therefore impose little demand on tourist facilities.
Notwithstanding the above, should tourists and other visitors to the provincial parks, LSA hotels, motels and
campgrounds “stop coming” or be “diverted elsewhere” as a result of increased competition, it is not likely that the overall
tourism industry would suffer. This possible loss of visitation would not likely translate directly into a loss in revenues at
all tourist establishments because DGR Project workers would act as a substitute source of revenue.
Results of the air quality and noise assessment indicate that the DGR Project is not likely to result in noticeable
increased dust or noise levels at Inverhuron Provincial Park, MacGregor Point Provincial Park or any other key tourist
attraction areas. The surface water assessment also indicates that the DGR Project is not likely to measurably change
the water quality at LSA or RSA beaches and near shore areas used by tourists and day users for outdoor leisure
activities such as swimming, fishing and boating. Therefore, the DGR Project will not result in environmental effects to
the provincial parks, affect their accessibility nor require park operators to modify their facilities or programs.
Apart from the potential effects of dust, noise and traffic, it was hypothesized that adverse effects on the use and
enjoyment of the provincial parks, and the tourism industry in general, within the LSA and RSA may occur if the DGR
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Project results in an adverse effect on community character (i.e., a physical asset), particularly if a stigma is attributed to
the LSA and tourists take steps to avoid the area, and its tourism-related products and services.
In addition to the information presented in the Socio-economic Environment TSD (AECOM 2011), studies have found
that analogous nuclear facilities sited and operated near tourist destinations generally have not adversely affected
tourism (SAIC 1985, Baker 1980 et al., Allison et al. 1992, Metz 1996).
A review of nuclear power plant studies conducted by Science Applications International Corporation (SAIC 1985) cites
Nutant et al. (1977) research evaluating the effects of land-based nuclear power plants on resort communities. In their
study, Nutant et al. (1977) examined historical data to determine effects on tourism associated with the operation of
Oyster Creek Nuclear Generating Station in Ocean County, New Jersey. In the five years subsequent to
commencement of plant operations in 1969, Ocean County’s total population grew by 42%. Nutant et al. (1977)
interpreted this substantial population growth as an indication that the Oyster Creek power plant had not adversely
affected the community’s resort economy. Qualitative assessments of three additional nuclear facilities (Turkey Point,
Florida; Maine Yankee, Maine; and San Onofre, California) also revealed no indication of adverse effects on the tourist
economy of nearby communities (SAIC 1985). Baker et al. (1980) examined coastal sited nuclear plants in the vicinity of
visible beaches with out-of-town commercial tourist activity. Four nuclear sites were selected for investigation, including:





San Onofre, California;
St. Lucie, Florida;
Millstone, Connecticut; and
Zion, Illinois.

Research included analysis of attendance figures of beach state parks near three sites; interviews with beach visitors;
and interviews with officials and operators of tourist establishments. The key findings are summarized below.


In the analysis of beach state park attendance, Baker et al. (1980) concluded that the data did “…not suggest
that the beginning of construction or commercial operation of nuclear generating facilities has had a sizable
impact on attendance at nearby beach state parks” (Metz 1996).



Interviews of beach visitors in the vicinity of coastal nuclear plants revealed that less than 5% of visitors were
aware of anyone having been deterred by the plant from visiting the beach.



Interviews with officials and professionals in a position to observe the effects of nuclear plants on tourism at the
four sites indicated that there has been no effect (Metz 1996).

Allison et al. (1992) evaluated the effect on tourism of 11 nuclear facilities where disposal of nuclear waste is an
important element of operations. Information regarding the facilities was collected during site visits and through
interviews with plant personnel, officials of local and state agencies, and community activists in the hosting communities.
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Of the 11 facilities examined, six experienced incidences of environmental contamination. The key findings are
summarized below.




In the communities studied, negative attitudes and perceptions of risk did not affect tourism and there was no
evidence of any economic effect. The authors add the caveat; however, that the potential for nuclear facilities to
affect tourism was limited given that the majority of facilities examined were sited in rural areas and smaller cities
(Allison et al. 1992).
Two of the nuclear sites Allison et al. (1992) examined, Wilmington, North Carolina (commercial nuclear fuel
production) and West Valley, New York (nuclear waste storage facility and site of contamination), are in close
proximity to rapidly growing tourist and recreational destinations. At Wilmington, the area south of the city from
Wrightsville to Cape Fear has become a popular recreational and tourist area. Moreover, the city itself
possesses historical features that have attracted tourists. Near the West Valley facility, researchers reported a
popular ski resort and significant development growth in the adjacent town of Ellicotville (Allison et al. 1992).

Metz (1996) examined the economic effects of the U.S. Department of Energy (DOE) Nuclear Weapons Complex
(Weapons Complex) facilities affect, including effects on local tourism. The Weapons Complex consisted of 15 major
facilities in 12 U.S. states. Metz (1996) suggested that the Weapons Complex was analogous to the proposed high level
nuclear waste repository in Yucca Mountain, Nevada because of strong similarities (i.e., they are managed by the DOE,
have radioactive waste present, and have been subject to high-profile discrete and cumulative risk-related events). The
Weapons Complex facilities have been recipients of media coverage regarding on-site and off-site incidents including
contamination, mismanagement, spills, releases, exposures, accidents and deaths, as well as heightened concerns
about impending chemical explosions and radioactive releases. The key findings are summarized below.



Metz’s research found that tourism and recreational activities continued to grow in the vicinity of Weapons
Complex facilities.
Metz also noted that many of the facilities were near flourishing vacation areas (e.g., Hilton Head, Tampa,
Colorado Rockies and Great Smoky Mountains) and annual national tournament sports events (Metz 1996).

In addition, reviews by SAIC (1985), Baker et al. (1980), Allison et al. (1993) and Metz (1996), suggest that there is little
cause to expect adverse effects on tourism given routine operation.
In a study commissioned by the Nevada Nuclear Waste Project Office, Easterling (1997) asserts, “the primary lesson to
draw from the case-study approach is that the impact of a nuclear facility on the local economy depends almost
completely on the severity of the events that occur over the lifetime of the facility” (Jenkins-Smith 2001). Easterling’s
conclusions regarding the potential effect of the proposed high-level nuclear waste repository at Yucca Mountain for
tourism in Nevada are considered particularly applicable to the DGR Project in Kincardine. He states, “Under a benign
scenario…without incident and without undue publicity – the repository would likely have a benign impact on decision
making. On the other hand, if one assumes a severe repository scenario – with a set of high-publicity accidents and
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controversies – there is a very real potential for significant visitor impacts…” (Jenkins-Smith 2001).
Therefore, should radioactive contamination occur as consequence of the DGR Project, it is possible that tourism would
be adversely affected. However, it is unlikely that the DGR will pose any threat to tourism in the area under normal
operating conditions.
Jenkins-Smith (2001) study of how individuals rely on images in development of preferences holds further insight
regarding the potential effect of the DGR Project on tourism. Key findings from his research are:




attractiveness attached to images about a place were very strong predictors of vacation preferences for that
place;
opinions that people attach to images of nuclear facilities vary considerably ranging from overly positive to overly
negative; and
nuclear images are part of a broader set of images regarding a destination, and the perceptions of nuclear
images are correlated with the perceptions of other destination image categories (Jenkins-Smith 2001).

Given the established presence of the Bruce nuclear site and the WWMF, it can reasonably be assumed that these
nuclear facilities are part of image sets for some Kincardine tourists. The fact that tourists continue to visit Kincardine in
spite of its associated nuclear images suggests that the valences tourists attach to these nuclear images are not overtly
negative and that nuclear images do not overwhelm the positive valences of other images that attract them to the area.
Jenkins-Smith (2001) concludes that sets of images that exist prior to the introduction of a potentially stigmatizing image
play a critical role in determining people’s overall perceptions of a place because images interact. He summarizes:
“If a new and negative type image is widely introduced into the image sets of a place, the effect of that image on
such activities as vacationing, relocating, and retiring will be in part dependent on how the new image is
associated with images in the pre-existing image sets. If the new image (e.g., a nuclear image) is negatively
associated with the valences of images that previously had served to attract people to the place…, then the
nuclear image is likely to lead to greatest reduction in vacation preferences among precisely those people who
used to be most attracted to the place... If, on the other hand, the new image (e.g., a nuclear image) is positively
associated with the valences of those images that previously had attracted people to the place… then the
nuclear image will be most positive (or least negative) for those who are most likely to vacation in that place.
Those who were least likely to vacation in the place before… are the ones for whom the new images will be most
negative. In that case, people who didn’t want to vacation there before will now want to vacation there even
less.” (130-131)
Therefore, it is unlikely that the new image of the DGR Project will be negatively associated with the perceptions of
images that previously had served to attract tourists to Kincardine given that the analogous images of Bruce nuclear site
and WWMF have not repelled these tourists from the area. It is likely that the new image of the DGR Project will be least
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negative, if negative at all, for those people who currently vacation in Kincardine. On the other hand, those who currently
choose not to vacation in Kincardine because they attach strong negative connotations to nuclear images of the Bruce
nuclear site and WWMF, the DGR Project will exacerbate their negative perspective.
The DGR Project is not expected to adversely affect the attractiveness of the LSA or RSA to tourists and cottagers for
the following reasons:








no noticeable increases in dust or noise levels at the two provincial parks, downtown Kincardine or Port Elgin are
anticipated during the DGR Project phases;
the DGR Project is not likely to change environmental conditions at the beaches and near shore areas used by
tourists and day users;
increased traffic is not anticipated to be noticeable at the entrance to Inverhuron Provincial Park or on
Highway 21, both of which are regularly used by tourists;
the DGR Project is not expected to substantially change the visual character of the LSA, nor block views of the
lake from the provincial parks or the Bruce Power Visitors’ Centre;
based on the results of the Inverhuron and MacGregor Point Provincial Park Survey, the DGR Project is not
likely to affect the things or special features that instigate the use and enjoyment of the provincial parks by
tourists (i.e., beaches, park amenities and atmosphere, surrounding environment and recreational opportunities);
and
the DGR Project will be visible from Lake Huron, but its above-ground facilities will not be dominant as compared
to the existing buildings and structures at the Bruce nuclear site.

As part of the assessment, stakeholder interviews were conducted with representatives of cottage rental agencies and
were intended to provide local knowledge on study area services, resources and community well-being. Five agencies
were contacted for participation and one interview was completed in 2009. Overall, the results of the interview indicated
that the presence of the site had a strong, positive effect on off-season cottage rentals and business has improved in
years prior to the interview. The interviewee stated that transient workers are important to their business operations and
the presence of the site is not considered a detriment to business. When asked about the DGR, it was felt that the
project would have the potential to increase cottage rentals.
The 2009 PAR (INTELLIPULSE 2010) did not separate out seasonal residents from year-round residents. Fourteen
seasonal residents were interviewed (out of 809). This was considered to be too small a sample to allow for significance
analysis of their attitudes in comparison to the total sample. However, the following information is taken from the
responses from the 14 seasonal residents:



seasonal residents are mostly “somewhat” or “very satisfied” with living in the community (12 out of 14
respondents);
seasonal respondents are mostly “somewhat” or “very committed” to remaining in the community long term (12
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out of 14 respondents);
when asked what the first thing or image that came to mind when thinking about the Municipality of Kincardine
was, only 2 seasonal resident respondents mentioned Bruce Power; neither respondent felt that this was a
negative image;
all seasonal residents (14 out of 14) said that they considered the Municipality of Kincardine and southern
portion of Bruce County to be “very” or “somewhat attractive”;
a small proportion of respondents (4 out of 14) said that they thought about living near the WWMF “very often”
or “often”;
only one seasonal resident respondent said that the presence of the WWMF had any effect on their daily life;
and
the majority (12 out of 14 respondents) said that the DGR Project would not affect their commitment to living in
their community nor would it affect their use and enjoyment of their private property.

Given that only a small number of respondents were seasonal residents, these responses should not be considered
conclusive or entirely representative of all seasonal residents in the area.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM Canada Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
Allison, T., S. Hunter and F.J. Calzonetti. 1992. Analysis of the formation, expression, and economic impacts of risk
perceptions associated with nuclear facilities (No. ANL/EAIS/TM--88). Argonne National Lab., IL (United States).
Environmental Assessment and Information Sciences Div.
Baker, E.J., S.G. West, D.J. Moss and J.M. Weyant. 1980. Impact of Offshore Nuclear Power Plants Forecasting Visits
to Nearby Beaches. Environment and Behavior, 12(3), pp.367-407.
Easterling, D. 1997. The vulnerability of the Nevada Visitor Economy to a Repository at Yucca Mountain. Risk
Analysis, 17(5), pp.635-647.
INTELLIPULSE. 2010. Ontario Power Generation, Deep Geologic Repository – Public Attitude Research. Intellipulse
Inc. report for AECOM Ltd. (CEAA Registry Doc# 611)
Jenkins-Smith, H. 2001. Modeling stigma: An empirical analysis of nuclear waste images of Nevada. Risk, media, and
stigma: Understanding public challenges to modern science and technology, pp.107-132.
Metz, W.C. 1996. Historical application of a social amplification of risk model: economic impacts of risk events at
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nuclear weapons facilities. Risk Analysis, 16(2), pp.185-193.
Nutant J.A., D. Mileti, K.T. Mao and B. Haga. 1977. In the Matter of Offshore Power Plants, Applicant’s Testimony
Regarding Impact on Resort Economics, Before the Atomic Safety and Licensing Board. Docket No. STN 50-437.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
SAIC. 1985. High Level Nuclear Waste Transport and Storage Assessment of Potential Impact of Tourism in the Las
Vegas Area. Science Applications International Corporation. Las Vegas, Nevada.

EIS-08-369

 Section 14,
Cumulative
Effects
Assessment

Information Request:
Explain why economic boom and bust socioeconomic effects were not considered at the level of cumulative effects
assessment.
Describe the mitigation measures to be taken should cumulative boom and bust effects be reasonably anticipated.
Context:
Section 7.10.2 of the EIS discusses the benefits of job creation, and OPG notes that “the DGR Project is forecast to
create 650 jobs in the Local and Regional Study Area during peak construction, 128 jobs per year on average during
operations and 548 jobs per year on average during decommissioning.”
Figure 7.10.2-2 indicates that the number of jobs in the region is expected to increase from less than 100 jobs in 2054,
up to over 1,300 jobs in 2060, and then decrease down to 0 jobs by 2064. A smaller, but potentially still significant drop is
expected to occur between 2016 and 2018.
In Section 6.10.4.2 of the EIS, it is noted that a few stakeholders “indicated that adverse effects on the local economy
were evident after the Bruce A station was laidup in 1998 and some indicated that the ’boom and bust’ cycle associated
with the facility has made it difficult to plan for the future. Others indicated a need for the economy to be more diversified
to avoid complete dependency on the jobs generated by the presence of the Bruce nuclear site.”
OPG Response:
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“Boom and bust” economic effects are generally observed before and after particularly intense periods of work featuring
rapid expansion or development, followed by rapid decline, project closure or abandonment. Such effects are typically
associated with large transient workforces entering and leaving small rural or remote communities that do not have the
infrastructure, services or past experience to cope with such rapid change. This phenomenon is normally associated
with development projects on a larger scale than the DGR Project. The DGR Project was not considered to be a major
construction undertaking within the context of other projects that have taken place in the same vicinity (i.e., Bruce
Restart, which was of a larger scale); consequently, boom and bust effects were not anticipated.
One of the main issues that can influence boom and bust effects is the temporarily increase in local populations from
transient workers. This can affect issues such as use of infrastructure, demand on housing and temporary
accommodations, demands for emergency services, healthcare, and other facilities and services.
With regard to the DGR Project, the site preparation and construction phase will require an on-site workforce of up to 200
workers for approximately six years. In absolute terms, this is a small labour force. When compared to the existing
labour force on the Bruce nuclear site, the Local Study Area (LSA) and Regional Study Area (RSA), this is an extremely
small labour force.
Nevertheless, it is anticipated that some competition for temporary accommodation would occur but it is not expected to
be of sufficient magnitude to affect the tourism accommodation industry in the LSA and RSA. Rather, the increased
demand for accommodation is likely to help maintain the economic viability of these accommodation providers,
particularly in the off-peak seasons. Regardless, this is not expected to be of sufficient magnitude to generate
substantial reinvestment into these facilities by their owners. Therefore, no major growth or “boom” to tourist
accommodations is anticipated because of the DGR Project, and thus no subsequent “bust” will follow. This has been
the history and experience in the south Bruce area for decades.
Similarly, since the increased population associated with the DGR Project is expected to be small and will not impose a
noticeable increase in demand on housing stock, municipal infrastructure or health and safety facilities and services, it is
also expected that the small population increase will not change the overall demand for the recreational opportunities.
Again, because of the small size of the labour force associated with the site preparation and construction phase, it was
not anticipated that adverse effects on health and safety facilities and services would occur. In fact, the results of the
socio-economic assessment indicated that the population increase in this phase (associated not just with the increased
labour force but with overall population increase) would result in the need for barely measureable increases in additional
requirements for health and safety services. During construction, the DGR Project is predicted to result in an average
annual requirement for additional capacity across the RSA of approximately:



0.8 in-patient hospital beds;
0.8 staff persons for both emergency medical and police services; and
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2 firefighters (AECOM 2011, Table 8.3.2-2).

The additional 0.8 staff persons for both emergency medical and police services indicates that the additional
requirements for these services are quite small. Stakeholder interviews with local and regional police services indicated
that the DGR Project is not a major concern for these operations, and that the DGR Project would not change the
activities of police services in the area. In fact, one representative stated that the DGR Project would change the image
of the community by making it more self-reliant and more secure. However, none of the representatives from police
services stated that transient workers and potential social problems associated with those workers were a concern.
In conclusion, boom and bust effects were not anticipated due to the scale of the project; therefore, these effects were
not carried forward to the assessment of cumulative effects. The DGR Project is not considered to be a major project
and additional workers are not expected to merit significant changes or undue stresses on the socio-economic
environment including tourist accommodations or health and safety facilities and services.
Reference:
AECOM CANADA Ltd. 2011. Socio-economic Environment Technical Support Document. AECOM Canada Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
EIS-08-370

 Section 2.5,
Precautionary
Approach

Information Request:

 Section 10.41.4,
Terrestrial
Environment

Provide a detailed record of the searches completed to identify species and the rationale for not conducting field studies
to ascertain species of natural conservation status at a federal, provincial, regional or local level and their critical habitats
in the Study area, and support for the statement made in CEARIS Document # 683 that “there have been no records
since 1990 of eastern foxsnake occurring in proximity to the DGR Project site”, and the conclusions that the species
identified are not of a concern for the DGR Project.

 10.1.5, Aquatic
Environment

Provide a record of the searches completed on the significant species and an explanation for the classification or failure
to update the status of the following species:





Regina septemvittata, Queensnake, listed as Threatened in the EIS – status changed to Endangered in April
2010
Panterophis gloydi, Eastern Foxsnake, listed as Threatened in the EIS – Status of Great Lakes/St. Lawrence
population designated Endangered in April 2008
Caprimulgus vociferous, Whip-poor-will not classified in the EIS – status change to Threatened in April 2009
Melanerpes erythrocephalus, Red-headed Woodpecker, listed as species of concern in the EIS – status
changed to Threatened in April 2007.
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Context:
The Inverhuron District Ratepayers Association indicates that local residents have reported sightings of several species
of concern in the Local Study Area, including a report of an Eastern Foxsnake. The Association stated that the sighting
the species was confirmed by a biologist visiting the area and was reported to the MNR. The Association further
indicates that residents have also reported sightings Eastern Milksnakes, Bobolink, Barn Swallows and Indian Cord
Grass.
OPG Response:
As part of the background studies completed for the DGR Project, a number of sources were consulted for information
on species occurrences within the Project, Site, Local and Regional Study Areas. The Ministry of Natural Resources
(MNR) Natural Heritage Information Centre (NHIC), which documents current and historical species account records in a
geographic distribution format, was one of the sources consulted. This database documents and tracks records for rare
and uncommon species in the province, including those species regulated under the Endangered Species Act
(Government of Ontario 2007) and the Species at Risk Act (Statues of Canada 2002, Statutes of Canada 2012).
Information obtained through data searches was compiled and reported in the Terrestrial Environment Technical Support
Document (TSD) (GOLDER 2011) in the body of the report and tabulated in Appendix C.
The background review was completed to characterize existing conditions within the study areas in 2006. A number of
the species listed in the request were identified through the background review, including: queensnake, eastern foxsnake
and eastern milksnake. Potential for the Site Study Area to provide habitat for these species was considered to
determine the type and extent of field data collection programs required to accurately characterize the baseline
conditions within the Site Study Area (i.e., the area within the boundaries of the Bruce nuclear site, and any extension of
the reactor exclusion areas into Lake Huron).
Detailed field data collection was completed for the DGR Project, targeting species that were identified as Valued
Ecosystem Components (VECs) for the environmental assessment, and for species groups including plant community
mapping and vascular plant inventories, breeding birds, breeding amphibians, turtle habitat, muskrat habitat, white-tailed
deer habitat, wild turkey habitat, migratory waterfowl survey, small mammals and aerial wildlife surveys. Species records
collected during field data collection for the DGR Project were compiled and presented within the TSD.
Queensnake
Queensnake is listed as Endangered by COSEWIC (2010), Endangered under the federal Species at Risk Act (SARA)
(Statues of Canada 2012) and Endangered under Ontario’s Endangered Species Act (ESA) (Government of Ontario
2007). Queensnake is listed in Table 5.8.2-2 (Provincially Significant Wildlife Species in Local Study Area Based on a
review of the NHIC Database) of the Terrestrial Environment TSD (GOLDER 2011). Species-specific surveys were not
completed for this species due to the limited habitat potential within the Site Study Area. Habitat potential for this
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species within the Site Study Area has been previously discussed in the supplementary response to Information Request
EIS-01-15 (OPG 2012).
Eastern Foxsnake
The eastern foxsnake (Carolinian population) and the eastern foxsnake (Georgian Bay population) (collectively referred
to as “eastern foxsnake”) are listed as Endangered and Threatened respectively under the provincial ESA (Government
of Ontario 2007). This species is also listed as Endangered under the federal SARA (Statues of Canada 2002). The
historical eastern foxsnake occurrence documented in MacGregor Park is considered to be part of the Georgian Bay
population (not the Carolinian population), and is Threatened provincially. This species is discussed in the Terrestrial
Environment TSD (GOLDER 2011) in Table 5.8.3-2 (Provincially Significant Wildlife Species in Regional Study Area,
based on a review of the NHIC Database) and in Section 5.7.2.3 on Herpetofauna in the Local Study Area.
In an effort to confirm the eastern foxsnake record noted by the Inverhuron District Ratepayers Association above, an
updated review of the MNR Natural Heritage Information Centre database was completed in January 2013. The
database review did not provide any confirmed records for eastern foxsnake in the Local Study Area. Reporting
submitted in support of the DGR Project is limited to confirmed species records documented within readily accessible
databases or through data requests submitted through the MNR. As a result, the record noted above would not be
available to include in the records review table.
Red-headed Woodpecker
Red-headed woodpecker is designated as Threatened in Canada (COSEWIC 2007) and Special Concern in Ontario
(COSSARO 2008). This species was not identified in the background sources reviewed as part of the assessment.
Breeding bird surveys completed in 2007 and 2009 within the Site Study Area for the DGR Project were conducted in
such a way that red-headed woodpecker would have been detected if present (i.e., surveys were conducted in the right
habitats and time periods). In addition, an updated search of the NHIC database did not indicate that this species has
been documented in the Local Study Area.
Whip-poor-will
Whip-poor-will is designated as Threatened nationally by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC 2009) and provincially by the Committee on the Status of Species at Risk in Ontario (COSSARO 2009). This
species appears in Table C-5 (Species of Conservation Priority in Bruce County found within the Regional Study Area)
and in Table 5.8.3-2 (Provincially Significant Wildlife Species in Regional Study Area Based on a review of the NHIC
Database) of the Terrestrial Environment TSD. Whip-poor-will was not identified in the Site Study Area during the
breeding bird surveys completed for the DGR Project. However, two individuals were heard calling during the amphibian
call count surveys completed on May 7, 2009 within the Site Study Area. The locations of these individuals could not be
confirmed and the records are therefore considered to be incidental as no other occurrences were documented through
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the field data collection programs for this project. Species-specific surveys for whip-poor-will were not recommended for
the DGR Project based on the limited habitat potential for this species within the Site Study Area.
Bobolink
This species is designated as Threatened in Canada (COSEWIC 2010) and Ontario (COSSARO 2010). The species is
discussed in Table C-5 (Species of Conservation Priority in Bruce County found within the Regional Study Area) and in
Section 5.7.2.1 of the Terrestrial Environment TSD (GOLDER 2011) on birds in the Local Study Area. This species was
not identified within the Site Study Area during breeding bird surveys conducted in 2007 and 2009 for the DGR Project.
Additionally, habitat opportunities for this species are limited within the Site Study Area due to the disturbed nature of the
open areas; therefore, species specific surveys targeting bobolink were not completed as part of the DGR field data
collection program.
Barn Swallow
Barn Swallow is listed as Threatened in Ontario (COSSARO 2011) and Canada (COSEWIC 2011). This species was
not identified in the Site Study Area during the breeding bird surveys completed in 2007 and 2009 for the DGR Project.
Species specific surveys were not completed as part of the DGR field data collection program due in part to habitat
limitations and because the Threatened status for barn swallow was applied after submission of the final Terrestrial
Environment TSD (GOLDER 2011).
Indian Cord Grass
This species was not identified in any of the background documents or databases consulted in support of the DGR
studies. The following sources were searched:








Ontario Ministry of Natural Resources (MNR) Natural Heritage Information Centre (NHIC) Biodiversity Explorer
geographic, species and natural areas information queries;
Readily available MNR mapping and existing studies (this includes wetland evaluation records);
Information (including any watershed studies and wetland mapping) and mapping available through the local
conservation authorities (if available) for the site and surrounding area;
Royal Ontario Museum (ROM) range maps (2010);
Official plans of the local planning authorities;
Natural heritage related map layers from Ontario Base Map series, Natural Resource Values Information System
(NRVIS) and Land Information Ontario (LIO); and
Existing high resolution orthophotography.

The only cord grass identified in this part of the province is tall cord grass (Spartina pectinata), which is considered
native in Ontario. Dore and McNeill (1980) show it as having a scattered distribution along the shores of Lakes Ontario,
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Erie and Huron and a moderately common distribution along the Ottawa River, as far north as Chalk River. The MNR
Natural Heritage Information Centre classifies it as an ‘S4’ species (Apparently Secure - Uncommon but not rare; some
cause for long-term concern due to declines or other factors). It may be considered rare in Bruce County. This species
does not have any special designation under legislation and is not considered a provincially rare species by Oldham and
Brinker (2009). The national rank of the species is ‘G5’ (Very common; demonstrably secure under present conditions)
for its abundance along the shores of the St. Lawrence River, east of Ontario, and is a common component of the prairie
slough wetlands, west of Ontario.
References:
COSEWIC. 2007. COSEWIC assessment and status report on the Red-headed Woodpecker Melanerpes
erythrocephalus in Canada. Committee on the Status of Endangered Wildlife in Canada. (available at
http://publications.gc.ca/collections/collection_2007/ec/CW69-14-16-2007E.pdf)
COSEWIC. 2009. COSEWIC assessment and status report on the Whip-poor-will Caprimulgus vociferous in Canada.
Committee on the Status of Endangered Wildlife in Canada. (available at
http://publications.gc.ca/collections/collection_2009/ec/CW69-14-574-2009E.pdf)
COSEWIC. 2010. COSEWIC assessment and status report on the Bobolink Dolichonyx oryzivorus in Canada.
Committee on the Status of Endangered Wildlife in Canada. (available at
http://www.avibirds.com/saps/NA/Canada/EN/Bobolink2010.pdf)
COSEWIC. 2011. COSEWIC assessment and status report on the Barn Swallow Hirundo rustica in Canada.
Committee on the Status of Endangered Wildlife in Canada. (available at
http://www.avibirds.com/saps/NA/Canada/EN/Barn%20Swallow2011.pdf)
COSSARO. 2008. Priority List of Species to be Assessed and Classified by COSSARO. (Accessed February 5, 2013,
at http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@species/documents/document/262882.pdf)
COSSARO. 2009. 2009 Annual Report from the Committee on the Status of Species at Risk in Ontario (COSSARO) to
the Minister of Natural Resources.
COSSARO. 2010. COSSARO Candidate Species at Risk Evaluation Form for Bobolink (Dolichonyx oryzivorus).
COSSARO. 2011. COSSARO Candidate Species at Risk Evaluation Form for Barn Swallow (Hirundo rustica).
Dore, W.G. and J. McNeill. 1980. Grasses of Ontario. Monograph 26. Research Branch. Agriculture Canada. Ottawa,
Canada.
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
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Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Government of Ontario. 2007. Endangered Species Act S.O. 2007, Chapter 6.
Oldham, M.J. and S.R. Brinker. 2009. Rare Vascular Plants of Ontario. 4th Ed. Natural Heritage Information Centre.
Ontario Ministry Natural Resources. Peterborough.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216-CORR-0053100126, August 9, 2012. (CEAA Registry Doc# 683)
Statutes of Canada. 2002. Species at Risk Act. Chapter 29.
Statutes of Canada. 2012. Order Amending Schedule 1 to the Species at Risk Act. P.C. 2012-837.

EIS-08-371

 Section 9.3,
Valued
Ecosystem
Components

Information Request:
Explain the rationale for excluding mushrooms (and Boletus edulis) as a VEC in the EIS.
Context:
Mushrooms (and boletus edulis) have been identified as a common species in the Region and mushrooms are used as a
parameter for the Radiological monitoring program (REMP)
OPG Response:
The terrestrial environmental assessment uses valued ecosystem components (VECs), which are representative of the
plant and wildlife species and communities associated with the Site, Local and Regional Study Areas for the DGR
Project, to identify potential effects on the terrestrial environment. These VECs include a combination of species that
have been used in previous environmental assessments and new selections. The process through which the VECs for
the DGR Project were selected is described in detail in Section 4 of the Terrestrial Environment Technical Support
Document (TSD) (GOLDER 2011) and Information Requests EIS-03-47, EIS-03-48 (OPG 2012a) and EIS-05-168
(OPG 2012b). New species were added in cases where they were determined to be more suitable; replacing species
previously used when they were found to be more abundant and representative of a specific plant/wildlife community or
trophic level as part of studies completed for the DGR Project. Two additional factors influencing the selection of species
include the occurrence of the species within the Project and Site study areas, allowing for data collection and
assessment, and the pathway by which a species may be affected. Effects on fungal species were captured through
assessment of other VECs, specifically the vascular plants identified to represent the species and communities
associated with the project areas.
Effects on fungi species within the Site Study Area and Project Area are limited to direct disturbance from clearing and
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indirectly through changes to the surface water, soil and groundwater. No effects, either direct or indirect were
determined to extend beyond this boundary; therefore, there should be no potential for mushroom species, including
Boletus edulis, to be affected by the DGR Project in areas where harvesting for consumption may occur.
The terrestrial environment assessment does not consider the indirect pathway to humans through use or consumption
of a species of plant or wildlife, because no access or harvest for consumption will be allowed within the Site Study Area.
Bruce Power’s Radiological Environmental Monitoring Program (REMP) assesses radiological dose to members of the
public living near the Bruce nuclear site, based on measured levels of radioactivity in the environment and calculated
from reported emissions or contaminant transport modelling. The dose to members of the public takes into consideration
a variety of pathways, including inhalation, water intake and food consumption. Samples of locally gathered foods,
including meat, vegetables, fruit, fish and mushrooms are collected and analysed for use in calculating potential doses.
The Environmental Impact Statement (OPG 2011) considers human health effects in Appendix C.
References:
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #3”, CD# 00216-CORR-00531-00117, July 9,
2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)

EIS-08-372

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and

Information Request:
Explain the absence from the core log record for borehole DGR-8 of any information relating to significant
geomechanical parameters such as core recovery and Rock Quality Designation (RQD) percentages.
Context:
In the Golder Associates Factual Report, submitted February, 2012 to OPG, geotechnical logging parameters of rock at
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the main and ventilation shaft sites are presented for boreholes DGR-7 and DGR-8.
Over large sections of tabulated data for Borehole DGR-8 that penetrated through the Cobourg Formation, there is no
indication of Total or Solid Core recovery percentages, or RQD percentages (for example, for the Blue Mountain
Formation from 643.9 m, through the entire Cobourg Formation and into the Sherman Fall Formation to a depth of
718 m). Data from this section of the core logs, within which the DGR is to be constructed, is most important for
geomechanical design purposes and for assessing the stability of repository excavations.
OPG Response:
The Factual Report (GOLDER 2012) presents all data for Total and Solid Core recoveries, and Rock Quality Designation
(RQD). The logs appear blank in the columns containing these data because 100% core recoveries and 100% RQD
were observed in large sections at depth in DGR-8.
Golder Associates colour scheme for the logs is to show ‘bad’ rock in black shade. Therefore, 100% Total and Solid
Core recoveries, and RQD are represented by white shade in logs.
Reference:
GOLDER. 2012. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste, Boreholes
DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report to NWMO 1011170042-REP-G2040-0004-00.
(CEAA Registry Doc# 700)

EIS-08-373

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Justify whether field estimated unconfined strength values for rock, as assessed using the ISRM (1981) Rock Hardness
Technique, are suitable for assessing numerical modelling and engineering design factors in geomechanical analysis of
the DGR.
Explain why differences exist between rock unconfined compressive strengths that have been determined using
laboratory measurement and field estimation techniques, and in which field estimated strengths all exceed laboratoryderived strengths for similar formations at depths below approximately 525 m and through the proposed repository
formation.
Explain why borehole logging data plots for hole DGR-7, contained within Golder Factual Reports 1011170042-REPG2040-0004-00 and 1011170042-REP-G2040-0005-00, do not show similar unconfined compressive strength data.
Context:
In the Golder Asociates Factual Report, submitted April, 2012 to OPG, rock mass characterization parameters of rock at
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the main and ventilation shaft sites are presented for boreholes DGR-7 and DGR-8.
In Section 2.2 (p.3) of this report, it is stated that “The strength factor in this (RMR) system was taken from the field
estimation of the strength index …” and that this field index value is derived from guidelines established by the
International Society of Rock Mechanics that provide qualitative estimates of rock unconfined compressive strength over
various strength ranges. Ranges in strength for “Weak rock” are stated to range from “5-25 MPa” and for “Very strong
rock” range from “100-250 MPa”. Such strength estimations, in addition to being only qualitative assessments, are also
subject to wide ranges in parameter values within each range.
Data shown in EIS Figure 6.2.9-1 (p. 6-53) summarizes laboratory-measured unconfined rock strength for boreholes
DGR-1 through DGR-6. Field estimates of core unconfined strength for borehole DGR-7 and DGR-8 are similarly tabled
in Appendix B of Golder Factual Report 1011170042-REP-G2040-0004-00. A summary of average strength data as
derived using both methods (laboratory-measured and field estimated) is provided in Table 3.3 (Golder Factual Report
1011170042-REP-G2040-0005-00). Strength data in Table 3.3 indicates that field estimated values for rock strength for
the Georgian Bay Formation and all deeper ones, including the Cobourg Formation, are higher than rock strengths
derived from laboratory measurements.
In Golder Associates Factual Report 1011170042-REP-G2040-0004-00, no strength data is indicated in the drillhole log,
whereas in Golder Associates Factual Report 1011170042-REP-G2040-0005-00, the full borehole length of the record
shows complete strength parameter data.
OPG Response:
Please note that 1011170042-REP-G2040-0005-00 is the Rock Mass Characterization Report, not the Factual Report.
In the Golder Associates report on rock mass characterization of DGR-7 and DGR-8 (GOLDER 2012a), the rock strength
index (field estimate) was used to determine the strength parameter rating for estimation of rock mass rating (RMR) for
rock mass characterization purposes only. Rock mass strength parameters, for the purpose of numerical modeling, were
based on intact strengths measured in the laboratory, not on field estimates.
Table 3.3 of Golder’s Rock Mass Characterization Report (GOLDER 2012a) does not compare field results to laboratory
results. It compares two separate campaigns of laboratory testing. Table 3.3 presents a comparison of laboratory
uniaxial compressive strengths (UCS) based on the specimens retrieved from DGR-1 to DGR-6 and specimens retrieved
from DGR-8.
No strength data was included in Golder’s Factual Report (GOLDER 2012b) because of unavailability of the final
laboratory tests results. This report is being updated with final laboratory results and will be provided upon completion.
References:
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GOLDER. 2012a. Boreholes DGR-7 and DGR-8 Rock Mass Characterization. Golder Associates Ltd. report to NWMO
1011170042-REP-G2040-0005-00. (CEAA Registry Doc# 699)
GOLDER. 2012b. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste,
Boreholes DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report to NWMO 1011170042-REPG2040-0004-00. (CEAA Registry Doc# 700)

EIS-08-374

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Justify why no comparison, correlation or utilization was made between laboratory-derived and field estimated
unconfined compressive strength data for rock recovered from within similar formations and depths, though for different
boreholes, at the DGR site.
Explain whether numerical modelling and engineering design procedures for the DGR excavations and shafts (that utilize
rock mass characterization parameters) will be conducted using only inferred strength data from the DGR-8 borehole, or
whether combined strength data from all previous lab testing and field estimated values from boreholes DGR-7 and
DGR-8 will be used for this purpose.
Provide any additional unconfined compressive strength data that may have been determined on the basis of laboratory
strength testing of rock cores recovered from boreholes DGR-7 and DGR-8.
Context:
Golder Associates Factual Report 1011170042-REP-G2040-0005-00 states that this report was used “to estimate the
rock mass quality at OPG’s DGR … along the shaft pilot borehole (DGR-8) and the ventilation shaft (DGR-7) … for the
purpose of estimating the parameters for numerical modelling and for engineering purposes.” In Section 2.2 (p. 1) of this
Report, the “strength factor in this system was taken from the field estimation of the strength index …” and was used to
assess coefficients that would be applied for strength modelling purposes. This statement indicates that only field
estimated strength data would be applied for numerical modelling purposes and subsequent engineering design, without
any consideration being given to utilizing a substantial database of additional rock strength data derived from laboratory
testing of cores from other boreholes.
OPG Response:
Please note that 1011170042-REP-G2040-0005-00 is the Rock Mass Characterization Report (GOLDER 2012), not the
Factual Report.
As stated in OPG’s response to Information Request EIS-08-373, the DGR design is based on laboratory testing data.
Field strength estimates were only used to determine Rock Mass Ratings (RMRs). The rock strength rating for RMR
estimation is based on wide intervals of uniaxial compressive strength (UCS) values that correspond to the R0 to R6
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ISRM (International Society for Rock Mechanics) scale; the field estimates of strength are accurate enough to enable
selection of the correct rating for the Geomechanics Classification System.
Prior to the drilling of the shaft pilot holes, DGR-7 and DGR-8, the information for the DGR design was based on the data
from DGR-1 to DGR-6. As the DGR-8 data became available, the designs of the shaft and repository were updated
using laboratory test data from DGR-8. The strength parameters in the early repository-wide and emplacement room
modeling work used DGR-1 to DGR-6 strength data. The detailed modeling performed later used DGR-1 to DGR-6 and
DGR-8 strength data. Because the rock strength determined from the testing of DGR-8 specimens is generally higher
than that of DGR-1 to DGR-6 strength data, results from early modeling work are conservative (OPG 2012).
There was no geomechanical testing on rock samples retrieved from DGR-7. The figure below shows a stratigraphic
column with uniaxial compression test results of DGR-1 to DGR-6 and DGR-8.
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References:
GOLDER. 2012. Boreholes DGR-7 and DGR-8 Rock Mass Characterization. Golder Associates Ltd. report to NWMO
1011170042-REP-G2040-0005-00. (CEAA Registry Doc# 699)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Responses to Undertakings from Technical Information Session #1”, CD# 00216-CORR-00531-00132,
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August 15, 2012. (CEAA Registry Doc# 692)

EIS-08-375

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Justify the decision to utilize the modified Tunnelling Quality Index (Q’) determination over the entire proposed shaft
lengths, including the upper elevation sections where high inflow water conditions exist.
Justify also the decision to use the dry rock condition in estimating RMR values over the entire proposed shaft length,
rather than using wet rock conditions in upper shaft sections where factor assessment could be appropriately applied.
Context:
In Golder Associates Factual Report 1011170042-REP-G2040-0005-00 it is stated that “parameters for water and stress
(Jw and SRF) were not considered in this classification stage …”. In the upper elevations of the proposed shafts, high
inflow water conditions are known to exist that could provide more conservative Tunnel Index characterization factoring if
(Jw) and (SRF) factors were to be considered.
In Section 2.2 (p. 2) of this report, the RMR characterization study was also compiled by assuming that fully dry
conditions exist throughout the length of the shafts. The difference in RMR factor values between fully dry and very wet
rock conditions can be as much as 10, or 10% of the maximum possible RMR value.
OPG Response:
Please note that 1011170042-REP-G2040-0005-00 is the Rock Mass Characterization Report, not the Factual Report.
The modified Tunnelling Quality Index (Q’) was selected for the characterization of the rock mass of the sedimentary
sequence for DGR-8 because the approach is suitable to the DGR application and is one of the most widely used
engineering rock mass classification system in the field.
It was described in the report (GOLDER 2012, Section 2.1) that the parameters for water and stress (Jw and SRF) were
not considered when classifying the DGR rock mass using the modified Q system in order to avoid double counting in
the design process. These two factors are generally incorporated in the numerical modeling. For the same reason, the
rock mass condition was assumed dry in the RMR76 classification (GOLDER 2012, Section 2.3). As per OPG’s
response to Information Request EIS-08-373, numerical modeling used in the DGR design is based on laboratory test
results and the hydrostatic pressure profile as part of input data. The Rock Mass Rating was not used in rock mass
strength estimation for modelling.
Refer to the following excerpt from Support of Underground Excavations in Hard Rock (Hoek, Kaiser and Bawden 1995):
“… The rock mass classifications by Bieniawski (1974) and Barton et al. (1974) were developed for the estimation of tunnel
support. They were adopted by Hoek and Brown (1980) for estimating m and s values because they were already available
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and well established in 1980, and because there appear to be no justification for proposing yet another classification system.
However, there is a potential problem in using these existing rock mass classification systems as a basis for estimating the
strength of a rock mass.
Consider a tunnel in a highly jointed rock mass subjected to an in situ stress field such that failure can occur in the rock
surrounding the tunnel. When using the Tunnelling Quality Index Q proposed by Barton et al. (1974) for estimating the
support required for the tunnel, the in situ stress field is allowed for by means of a Stress Reduction Factor. This factor can
have a significant influence upon the level of support recommended on the basis of the calculated value of Q. An alternative
approach to support design is to estimate the strength of the rock mass by means of the Hoek-Brown failure criterion. This
strength is then applied to the results of an analysis of the stress distribution around the tunnel, in order to estimate the extent
of zones of overstressed rock requiring support. If the Barton et al. classification has been used to estimate the values of m
and s, and if the Stress Reduction Factor has been used in calculating the value of Q, is is clear that the influence of the in
situ stress level will be accounted for twice in the analysis.
Similar considerations apply to the Joint Water Reduction Factor in Barton et al.’s classification and to the Ground Water term
and the Rating Adjustment for Joint Orientations in Bieniawski’s RMR classification. In all cases there is a potential for double
counting, if these factors are not treated with care when using these classifications as a basis for estimating the strength of
rock masses. …”

References:
GOLDER. 2012. Boreholes DGR-7 and DGR-8 Rock Mass Characterization. Golder Associates Ltd. report to NWMO
1011170042-REP-G2040-0005-00. (CEAA Registry Doc# 699)
Hoek, E., P.K. Kaiser and W.F. Bawden. 1995. Support of Underground Excavations in Hard Rock, A.A. Balkema,
Rotterdam, pp 215.

EIS-08-376

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Explain the sources of unconfined compressive strength data that are listed in Table 3.3 (p.9) of the Golder Associates
Factual Report 1011170042-REP-G2040-0005-00. Provide an assessment of the accuracy and extent (in frequency of
tests per formation) of the strength estimates shown for characterizing the various rock formations sampled, and the
suitability of current core strength testing for providing accurate and repeatable data for rock mass characterization and
engineering design purposes.
Explain what variation in (RMR’76) values would develop if “Previous UCS results” data were to be applied in the
characterization assessment in place of the “New” strength data, and how this would affect the comparison of rating
values between the RMR and Q’ techniques.
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Context:
In Golder Associates Factual Report 1011170042-REP-G2040-0004-00, no strength data is indicated in the drillhole log,
whereas in Golder Associates Factual Report 1011170042-REP-G2040-0005-00, the full borehole length of the record
shows complete strength parameter data.
A summary table of geomechanical parameters used in the derivation of RMR and Q’ values is illustrated. Two different
columns of unconfined compressive strength data are herein indicated to show average UCS values versus depth
conditions in borehole DGR-8, with only several indicating standard deviation values for the published data. One is
labeled for “UCS Previous Results” and the other for “UCS New test Results”.
For the borehole depth range between 11.9-47.1 meters (Lucas Formation), only three measured field strength values
(“New test Results”?) are indicated in Table 3.3. Based on information shown in the EIS, Table 6.2.9-1 (p.6-53), and for
this same formation, only two lab-measured (“Previous Results”?) are indicated.
In the caprock and Cobourg formations, the “Previous” UCS results are indicated to be significantly less than values
inferred by “New” UCS field-estimated results. However, the RMR’76 parameter evaluation process was completed using
the “New” UCS values only (“the parameters used were measured directly in the field.”)
OPG Response:
Please note that 1011170042-REP-G2040-0005-00 is the Rock Mass Characterization Report, not the Factual Report.
The two sets of uniaxial compressive strength (UCS) data are presented in Table 3.3 of the Rock Mass Characterization
Rock report (GOLDER 2012a) and both are based on the results of laboratory testing conducted by CANMET-Mining
and Mineral Sciences Laboratories (MMSL), Ottawa, Ontario. The “Previous Results” represent test results of core
samples retrieved from DGR-1 to DGR-6 and the “New Test Results” of samples from DGR-8.
Except for the testing of rock swelling behaviour, core samples from DGR-8 were collected for laboratory strength testing
by CANMET. Sampling and laboratory testing programs were designed to fill in the data gaps in the geomechanical data
for the rock units. The sampling distribution was aimed to address the spatial variability of the strength properties of the
sedimentary sequence with the following guidelines:





A minimum of 5 UCS tests (including previous testing of DGR-1 to DGR-6) from each formation thicker than
10 m.
A minimum of 3 UCS tests (including previous testing of DGR-1 to DGR-6) from each formation less than 10 m
thickness.
If the minimum number of tests had already been performed previously for a formation at other boreholes, an
additional 3 tests at the shaft pilot hole location were conducted.
A minimum of 5 UCS tests within the formations intersected by repository lateral excavations (Cobourg,
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Sherman Fall, Kirkfield).
Triaxial compression and tension tests at selected locations in formations at the level of the repository
excavations (Cobourg, Sherman Fall, Kirkfield).
Representative samples were collected under the direction of a field engineer.

As mentioned above, all geomechnical strength testing was conducted by CANMET which is an accredited testing
laboratory operating under an ISO 9001 (2000) certified quality management system and ISO/IEC 17025.
No strength data were provided for the drill logs in the Factual Report (GOLDER 2012b) because the interpretation of
laboratory testing results was not complete. This report is being updated with final laboratory results and will be provided
upon completion.
In the Lucas Formation, the two UCS listed in the Environmental Impact Statement (OPG 2011, Table 6.2.9-1) were from
the testing of DGR-1cores and the remaining three UCS were from recent testing of DGR-8 (GOLDER 2012b).
The difference in the strength test results is not sufficiently large to have resulted in a change in strength rating affecting
RMR, because of the wide range in the rating categories.
R0 – 0 (1 – 3 MPa)
R1 – 1 (3 – 10 MPa)
R2 – 2 (10 – 25 MPa)
R3 – 4 (25 – 50 MPa)
R4 – 7 (50 – 100 MPa)
R5 – 12 (100 – 200 MPa)
R6 – 15 (> 200 MPa)
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
GOLDER. 2012a. Boreholes DGR-7 and DGR-8 Rock Mass Characterization. Golder Associates Ltd. report to NWMO
1011170042-REP-G2040-0005-00. (CEAA Registry Doc# 699)
GOLDER. 2012b. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste,
Boreholes DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report to NWMO 1011170042-REP1199
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G2040-0004-00. (CEAA Registry Doc# 700)

EIS-08-377

 Section 10,
Existing
Environment
 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Define the meaning of the term “strength index” that is listed in Figures 5 through 28 in the Rock Mass Characterization
Factual Report (1011170042-REP-G2040-0005-00)
Explain why no input parameter information plots exist for rock formations lying below the bottom of the Blue Mountain
Formation at approximately 657.9 m depth, and notably for the Cobourg Formation within which the DGR is proposed to
be developed.
Context:
In Golder Associates Factual Report 1011170042-REP-G2040-0005-00, the input parameter information that is used in
estimating RMR conditions for each formation is based on the System defined in Table 3.2 (p. 8) and field
measurements of various geomechanical parameters that are plotted in Figures 5 through 28.
In each figure, a “strength index” is identified and shows a range of values over all formations that range between 2.0
and 5.5. The meaning of the term “strength index” is undefined, and is neither the Unconfined Compressive Strength
(UCS) value nor the RMR strength rating value that is predicted from Table 3.2. Inasmuch as the field-estimated strength
of the rock derives from the (ISRM 1981) Field Estimation of Rock Hardness table (Table 3.1, Golder Associates Factual
Report 1011170042-REP-G2040-0004-00), there may be correlation between the “strength index” and the hardness
“grade” that is assessed using this table.
OPG Response:
Please note that 1011170042-REP-G2040-0005-00 is the report number of the Rock Mass Characterization Report, not
the Factual Report.
The Strength Index is defined in Table 3.1 (Field Estimation of Rock Hardness (after ISRM 1981)) in the Factual Report
for boreholes DGR-7 and DGR-8 (GOLDER 2012). The Strength Index ratings in Table 3.1 (R0 to R6) correspond to the
strength ranges (UCS) of the Geomechanical Classification System (RMR). There is a one-to-one correlation between
the Strength Index and the RMR strength rating value:
R0 – 0 (1 – 3 MPa)
R1 – 1 (3 – 10 MPa)
R2 – 2 (10 – 25 MPa)
R3 – 4 (25 – 50 MPa)
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R4 – 7 (50 – 100 MPa)
R5 – 12 (100 – 200 MPa)
R6 – 15 (> 200 MPa)
There are no parameter distributions in the rock formations lying below the bottom of the Blue Mountain Formation
because there were no discontinuities observed in the core, and an RQD of 100% was measured; thus, there were no
statistical variations measured for joint spacing, condition and RQD, resulting in only a deterministic value of Q and RMR
for those formations.
Reference:
GOLDER. 2012. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste, Boreholes
DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report to NWMO 1011170042-REP-G2040-0004-00.
(CEAA Registry Doc# 700)

EIS-08-378

 Section 7.1,
Purpose and
Need for the
Project

Information Request:
Provide a specific break down of waste volumes per reactor and per activity, in the form of a pie chart. Identify whether
any decommissioning waste is in the current proposed project description.
Context:
On page 3-2, in section 3.1 'Purpose of the Project' it states if the fleet of 20 reactors each operate to the end of life (a
nominal 50 years), which assumes refurbishment of each of the generating stations, approximately 200.000 m3
(emplaced volume) of operational and refurbishment L&ILW would be produced".
On page 3-4 of the EIS, it states “...as a result of the refurbishment and improvements activities it is expected the life of
each reactor unit will be extended for up to 25 to 30 years." "About 21,000 m3 of radioactive waste will be generated
from the planned refurbishment activities".
It is not evident if the amount of 21,000 m3 is the waste generated from each of the 16 reactors ( 20 minus 4 at Pickering
B) or a combined amount for all ongoing and possibly planned refurbishments.
Also, on the page 3-4, OPG states that, “in the future, an additional approximately 135,000 m3 of L&ILW is expected to
be produced during the decommissioning of the [20] reactors and the associated nuclear waste storage facilities." The
next sentence reads: "The currently proposed DGR Project does not include management of decommissioning waste".
OPG Response:
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As documented in the DGR reference inventory report (OPG 2010, Tables 2.1 and 3.1), the amount of waste to be
placed in the DGR within the scope of the application is approximately 182,300 m3 of “operational” low and intermediate
level waste plus 21,700 m3 of “refurbishment” low and intermediate level waste, for a total of 204,000 m3. This
represents the total of all as-packaged waste from OPG owned or operated reactors for emplacement in the DGR, and
uses the radiologically-conservative assumption that all reactors except for Pickering A are refurbished for continued
operation. (In this context, “radiologically-conservative” means maximizing the radionuclide inventory of the waste for
postclosure safety assessment purposes.)
The breakdown of the 204,000 m3 by station and activity is given in Figure 1 below. The “operational” waste includes
both the pre- and post-refurbishment periods. The OPG owned or operated support facilities include the waste
management facilities at the Pickering, Darlington, and Bruce sites; and the Darlington Tritium Removal Facility, health
physics labs, the Central Maintenance and Laundry Facility at the Bruce nuclear site, and other similar facilities required
to directly support the operation of the nuclear generating stations.
In addition to this, approximately 135,000 m3 of decommissioning low and intermediate level waste is expected to be
generated in the future. As reported previously in OPG’s response to Information Request EIS-04-102 (OPG 2012), this
is not included in the current DGR project scope inventory. However, it is identified in the Cumulative Effects
Assessment in the Environmental Impact Statement (OPG 2011, Section 10.4.1) as a “reasonably foreseeable” future
project. As shown below in Figure 2, the 135,000 m3 of decommissioning waste can be allocated as approximately 17%
Bruce A, 18% Bruce B, 33% Pickering A + B, 29% Darlington, and the remaining 3% for the miscellaneous support
facilities.
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Figure 1: Breakdown of 204,000 m3 Total DGR Waste Volume by Origin
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Figure 2: Breakdown of 135,000 m3 Decommissioning Waste Volume
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References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)
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Information Request:
Follow up to EIS-01-14a:
Provide detailed Lake Whitefish baseline data from historic and up-to-date fish studies including: a description of
potential and known habitat usage (i.e., nursery, rearing, feeding and migratory) in the study areas, especially
MacPherson Bay; catch-per-unit-effort or other forms of abundance data such as those obtained using mark/recapture;
habitat characterization for nursery, rearing, feeding, and migration corridors with emphasis on the availability of
spawning habitat, the availability of food resources for rearing and adult feeding, and any current effects on migration;
data on fish health (standard metrics such as condition factor, size-at-age, fecundity, incidence of pathology); and, trends
in population estimates with time.
Provide assessment of the potential effects of DGR Project on factors critical to the maintenance of a sustainable
population of Lake Whitefish in the site and local study areas (i.e., recruitment and survival), with emphasis on: Lake
Whitefish spawning habitat; effects on food supply in nursery and adult feeding habitats (benthic invertebrates); and
effects on fish health (notably fecundity).
Provide an assessment of the effects of unexpected releases (e.g., temperature elevation, high oxygen-demanding
substances) from the stormwater management system (e.g., 100 year storm or mechanical failure).
Context:
CNSC indicated that it has received new information from Bruce Power regarding Lake Whitefish.
Lake Whitefish is an important species of Aboriginal interests, and was identified as an aquatic VEC in Lake Huron and
Embayment. It is currently an important species for Aboriginal and non-Aboriginal commercial fishery around Lake
Huron.
Lake Whitefish was the focus of concern in several EAs at the Bruce nuclear site. The EA follow-up monitoring results of
whitefish spawning habitat utilization indicated that mature and gravid male and female Lake Whitefish were found in all
eight sampling sites including MacPherson Bay (Bruce, 2010). The Lake Whitefish capturing rate peaked in early to mid
November.
The 2007 fish field studies for the DGR Project did not catch any Lake Whitefish in Lake Huron. The lack of catching this
species may be due to the fact that Lake Whitefish usually use the nearshore spawning area around November when
water temperature drops below 10 °C. The fish field sampling events conducted by OPG on June 21 & 22, August 15
and October 4, 2007.
This information is required to meet the EIS Guidelines:
Section 10 Existing Environment of the EIS Guideline state the existing environment must be described in sufficient
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detail to permit the identification, assessment and determination of the significance of potentially adverse environmental
effects that may be caused by the project.
Section 11 Descriptions of potential effects must include changes to food chain and food web dynamics as a habitat
component as this relates to fish populations. Particular attention must be placed on the effects to the existing sport
fishing and Aboriginal commercial fishing industry.
OPG Response:
Lake whitefish is a coregonid species that spends most of the spring, summer and fall offshore, well beyond the
influence of the Bruce nuclear site. Seasonal migrations to spawning habitat in the suitable nearshore areas are made in
November/December after inshore water temperatures have decreased. Eggs are deposited at depths between 2 and 8
m over substrates with sufficient interstitial spaces (e.g., boulders) to provide protection to developing embryos from ice,
currents, waves and predators (Scott and Crossman 1973; Holmes et al 2002). During the winter, adult lake whitefish
continue to use suitable nearshore habitats to feed on aquatic invertebrates. Larval lake whitefish are pelagic or
suspended in the water column and travel passively with prevailing currents after hatching.
In a review of historic fish surveys at the Bruce nuclear site, there were none that specifically targeted lake whitefish in
MacPherson Bay. This is probably due to the fact that the depths in MacPherson Bay are too shallow (most of it is less
than 2 m deep), the substrates are mainly bedrock and cobble, and the bay is exposed to wave action and lake currents
that make it less suitable for lake whitefish spawning and embryo development.
However, lake whitefish sampling programs targeting spawning adults and larvae have been surveyed in deeper
nearshore areas adjacent to MacPherson Bay. The sampling programs discussed below are examples of the closest
sampling efforts for lake whitefish in deeper nearshore areas adjacent to MacPherson Bay. In the past five years, there
have been four sampling programs focused on lake whitefish and round whitefish in the vicinity of MacPherson Bay:
larval trapping in 2007; larval tow sampling in 2007; and gillnetting in 2010 and 2011 for environmental assessment (EA)
follow-up monitoring.
Summary of Larval Whitefish Trapping in 2007
Larval trapping for whitefish was completed as part of the Bruce New Nuclear Power Plant Project (BNNPPP) EA studies
in the spring of 2007 in the nearshore areas adjacent to Bruce A and MacPherson Bay (Figure 1, enclosed). The
methods are detailed in the BNNPPP Aquatic Environment Technical Support Document (TSD) (GOLDER 2008,
Section 4.2.2.3). Emergent larval fish traps were deployed near the mouth of MacPherson Bay throughout the period of
April 24 to May 30 (Figure 1). Trap locations were selected based upon coregonid spawning habitat preferences
(i.e., rubble substrates, 3 to 8 m depths) to ascertain whether or not lake whitefish or round whitefish use this area for
spawning. Traps were deployed for a total of 629 trap nights but no larval coregonids were captured.
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Summary of Larval Whitefish Tow Sampling in 2007
A total of 52 larval tows were also completed as part of the field studies for BNNPPP. Detailed methods are contained in
the Aquatic Environment TSD for the BNNPPP EA (GOLDER 2008, Section 4.2.2.3). The larval tows were conducted at
randomly selected locations within the area between Bruce A and Bruce B. Tows were completed between April 10 and
May 30, 2007 to confirm that the larval traps were being fished during the lake whitefish hatching period. Lake whitefish
larvae were captured near the mouth of MacPherson Bay (N=1), near the Bruce A intake (N=1) and near the Bruce B
intake (N=4). However, it is not possible to determine the origins of these larvae (i.e., where they hatched). There were
no larval tows conducted in MacPherson Bay as the depth is too shallow to effectively sample the bay.
Summary of Gillnetting for EA Follow-Up Monitoring in 2010 and 2011
Follow-up monitoring in 2010 and 2011 involved monitoring whitefish spawning habitat use within the vicinity of the Bruce
nuclear site (Figure 1). Gillnetting was used to document the presence, relative abundance and reproductive condition of
lake and round whitefish during the spawning season. Methods are provided in the Bruce A Refurbishment for Life
Extension and Continued Operations Environmental Assessment Annual Follow-up Monitoring Program Report
(GOLDER 2011a, Section 3.0; GOLDER 2012, Section 2.2.1.2). The study area for the monitoring in 2010 and 2011 is
divided into eight sampling areas, one of which is called MacPherson Bay. The boundaries of these eight areas were
defined using topographic features (i.e., substrate and depth) and the modelled extent of the thermal plume.
The location of gillnets in the vicinity of MacPherson Bay is shown on Figure 1. Nets were set for approximately 24 hrs.
The minimum depth for setting nets was 4.5 m. Gillnetting in 2010 began October 25 and continued until December 4,
and in 2011 began October 26th and continued until December 13th. Total effort was similar between 2010 and 2011
sampling events. In 2010, 22.80 km of gillnet were deployed for a total of 1,053.5 hrs of soak time and in 2011 there was
20.9 km of gillnet deployed and 950.9 hours of soak time. All captured whitefish were counted and otoliths, scales, fin
clips and gonadal condition were collected.
Results from the 2010 fish sampling campaign are summarized in Table 1, and results from the 2011 campaign are
summarized in Table 2.
Table 1: Effort and Number of Whitefish Captured during 2010 Follow-up Monitoring
Area

Effort

Number of Whitefish

CUE Lake Whitefish

CUE Round Whitefish

No.

Name

m of
gillnet

hrs of
soak

Lake

Round

per km

per hr

per km

per hr

1
2
3

Scougall
Welsh Bank
Scott Point

2,850
2,850
2,850

128.5
131.0
131.0

171
50
85

82
42
38

60.00
17.54
29.82

1.33
0.38
0.65

28.77
14.74
13.33

0.64
0.32
0.29
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4
5
6
7
8

Loscombe
Bank
MacPherson
Bay
Gunn Point
Inverhuron Bay
McRae Point
Total

3,800

181.5

19

32

5.00

0.10

8.42

0.18

2,850

131.0

10

28

3.51

0.08

9.82

0.21

3,325
2,375
1,900
22,800

150.5
110.5
89.5
1,053.5

17
13
78
443

43
25
23
313

5.11
5.47
41.05
19.43

0.11
0.12
0.87
0.42

12.93
10.53
12.11
13.73

0.29
0.23
0.26
0.30

Source: GOLDER 2011a, Table 2
Figure 1 shows the gillnetting location in Area No. 5

During the 2010 field campaign, it was noted that additional effort was expended at MacPherson Bay (Area 5), as the
numbers of both lake whitefish and round whitefish captured were small relative to other areas (GOLDER 2011a).
Relative abundance, as measured by catch per unit effort (CUE), was highest at Scougall for both lake whitefish and
round whitefish. Scougall Bank is located approximately 8.8 km north of MacPherson Bay. MacPherson Bay had the
lowest CUE for lake whitefish and Loscombe Bank had the lowest CUE for round whitefish (Table 1).
Table 2: Effort and Number of Whitefish Captured during 2011 Follow-up Monitoring
Area
No.

Name

1
2
3
4

Scougall Bank
Welsh Bank
Scott Point
Loscombe Bank
MacPherson
Bay
Gunn Point
Inverhuron Bay
McRae Point
Total

5
6
7
8

Effort

Number of Whitefish

CUE Lake Whitefish

CUE Round Whitefish

m of
gillnet

hrs of
soak

Lake

Round

per km

per hr

per km

per hr

2,375
2,850
2,375
2,850

104.1
124.1
101.6
132.8

58
18
19
25

40
14
23
13

24.42
6.32
8.00
8.77

0.56
0.15
0.19
0.19

16.84
4.91
9.68
4.56

0.38
0.11
0.23
0.11

2,375

105.6

4

8

1.68

0.04

3.37

0.08

2,850
2,375
2,850
20.900

132.1
116.6
134.0
950.9

16
8
35
183

16
20
41
175

5.61
3.37
12.28
8.76

0.12
0.07
0.26
0.19

5.61
8.42
14.39
8.37

0.12
0.17
0.31
0.18

Source: GOLDER 2012, Table 5
Figure 1 shows the gillnetting location in Area No. 5
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A total of 183 lake whitefish and 172 round whitefish were captured during 2011 netting efforts. Relative abundance, as
measured by CUE, for both lake whitefish and round whitefish was highest at Scougall Bank (Area 1) and lowest at
MacPherson Bay (Area 5) (Table 2).
In summary, the gillnetting, conducted in 2010 and 2011 to document the presence and spawning condition of lake and
round whitefish, indicated that the CUE was highest at Scougall Bank and typically low at MacPherson Bay for both
round whitefish and lake whitefish.
Spawning Conditions of Lake and Round Whitefish during the 2011 Gillnetting Program
As stated in the 2011 annual follow-up monitoring program report (GOLDER 2012), all of the 183 lake whitefish that were
collected were measured for physical characteristics. Male lake whitefish consistently outnumbered females, with a sex
ratio of 2.5:1 (130 males and 53 females). Ripe female lake whitefish were only found at half of the spawning areas and
in very low abundance (i.e., only 5 fish were found in this state, approximately10% of all female lake whitefish in 2011
[Table 3]). Ripe male lake whitefish were found at all areas and in greater abundance at either end of the geographic
range sampled. The majority of the male lake whitefish (75%) were ripe in 2011 (Table 3). Spent female lake whitefish
were found in low abundance at all areas with the exception of Area 6 (Gunn Point) where none were found. Spent male
lake whitefish were also found in low abundance at all areas with the exception of Area 2 (Welsh Bank) where none were
found. Male ripe lake whitefish began to peak in late November with the highest CUE (due to 21 individuals) on
November 22, 2011 at Area 1 (Scougall Bank). The abundance of ripe and spent female lake whitefish remained low
over time and across sites.
Table 3: Spawning Condition of Individual Lake Whitefish by Area, 2011
Female

Male

Area

Grand Total
Mature

1 Scougall Bank
6
2 Welsh Bank
4
3 Scott Point
1
4 Loscombe Bank
3
5 MacPherson Bay
1
6 Gunn Point
3
7 Inverhuron Bay
2
8 McRae Point
5
Total
25
Source: GOLDER 2012, Table 6

Ripe

Spent

Total

Mature

Ripe

Spent

Total

0
1
1
1
0
0
0
2
5

4
3
5
6
1
0
3
1
23

10
8
7
10
2
3
5
8
53

3
0
2
4
0
4
0
1
14

36
10
9
9
1
8
1
24
98

9
0
1
2
1
1
2
2
18

48
10
12
15
2
13
3
27
130
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All of the 175 round whitefish that were collected during 2011 gillnetting efforts were measured for physical
characteristics (GOLDER 2012). The sex ratio was fairly even for round whitefish, with a 0.88:1 ratio for male to female
round whitefish. Ripe female round whitefish were also found at only half of the spawning areas located at either end of
the geographic range sampled and in very low abundance (i.e., only 7 fish were found in this state, approximately 8% of
all female found whitefish in 2011 [Table 4]). Ripe male round whitefish were found at most areas, with the exception of
the two northern locations (Area 1 and Area 2) and in greater abundance at the southern end of the geographic range
sampled. The majority of the male lake whitefish (65%) were mature with only 17% found in the ripe stage. Spent
female round whitefish were found in low abundance at most areas with the exception of MacPherson Bay and Gunn
Point (Area 5 and Area 6) where none were found. Spent male lake whitefish were also found in very low abundance at
all areas with the exception of Loscombe Bank (Area 4) where none were found.
Table 4: Number of Individuals of Round Whitefish Assessed for Spawning Condition by Area, 2011
Female

Male

Area
1 Scougall Bank
2 Welsh Bank
3 Scott Point
4 Loscombe Bank
5 MacPherson Bay
6 Gunn Point
7 Inverhuron Bay
8 McRae Point
Total

Grand Total
Mature

Ripe

Spent

Total

Mature

Ripe

Spent

Total

15
4
7
5
4
4
2
11
52

1
0
0
0
0
1
3
2
7

11
4
9
0
0
2
4
4
34

27
8
16
5
4
7
9
17
93

6
5
5
7
2
5
8
15
53

0
0
1
1
1
3
2
6
14

7
1
1
0
1
1
1
3
15

13
6
7
8
4
9
11
24
82

40
14
23
13
8
16
20
41
175

Source: GOLDER 2012, Table 7

Based on the spawning habitat requirements for lake whitefish (developing embryos need protection from the lake
currents), MacPherson Bay is not expected to contain suitable spawning habitat for this species. Most of the bay is less
than 2 m deep and substrates are largely bedrock with some areas of cobble. Another potential deterrent to whitefish
spawning in or near to MacPherson Bay is the population of round goby as evident in the DGR Project fish survey in
2007 (GOLDER 2011b, Appendix C). This species feeds aggressively on eggs and fry of other benthic fish species,
which would be a detriment to whitefish spawning. Overall, MacPherson Bay does not provide suitable spawning or
nursery habitat for lake whitefish, based on habitat assessments related to fish sampling programs.
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Assessment of the Potential Effects of DGR Project on Lake Whitefish
The effects of the DGR Project on lake whitefish were assessed in the Aquatic Environment TSD (GOLDER 2011b) in
Sections 6.2.2.2, 6.2.2.3, 6.2.2.4, and 7.4.2. The pathways of effect to the VECs (including lake whitefish) in Lake Huron
and its embayments that were assessed are: vibrations from blasting during construction, changes to surface water
quantity, and changes to surface water quality from stormwater discharges to MacPherson Bay. There were no
measurable changes expected to the VECs (including lake whitefish) in Lake Huron and its embayments from vibrations,
or changes to surface water quality or quantity. The fish sampling results contained in this IR, including the recent 2011
monitoring results, do not change the conclusions in the Aquatic Environment effects assessment with respect to lake
whitefish.
Assessment of the Effects of Unexpected Releases from the Stormwater Management System on Lake Whitefish in
MacPherson Bay
Habitat assessments related to the above mentioned fish sampling programs confirm that MacPherson Bay does not
provide suitable spawning or nursery habitat for lake whitefish. Therefore, unexpected releases from the stormwater
management system proposed for the DGR Project into MacPherson Bay during the 100 year storm, or in the event of a
mechanical failure, would not affect lake whitefish. This conclusion is corroborated further by the 2010 and 2011
monitoring results, which indicate that whitefish are not selecting MacPherson Bay for critical life history stages.
References:
GOLDER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment: EIS Studies Aquatic
Environment Technical Support Document.
GOLDER. 2011a. Annual Follow-up Monitoring Program Report, 2010. Bruce A Refurbishment for Life Extension and
Continued Operations Environmental Assessment.
GOLDER. 2011b. Aquatic Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-01 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2012. Annual Follow-up Monitoring Program Report, 2011. Bruce A Refurbishment for Life Extension and
Continued Operations Environmental Assessment.
Holmes, J.A., D.L.G. Noakes, S.S. Crawford and D.A. Wismer. 2002. Whitefish Interactions with Nuclear Generating
Stations Volumes 1-4. July-August 2002.
Scott, W.B. and E.J. Crossman. 1973. Freshwater Fishes of Canada. Bulletin 184. Ottawa: Fisheries Research Board
of Canada.
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Information Request:
Provide information regarding missing information about the occurrence of reefs in the 3DGFM Model.
How would the presence of reefs affect the model and what are the key pieces of the geosynthesis that might be affected
by their inclusion?
How would the presence of reefs (on site and regionally) – that may be highly permeable – affect the long term safety
case, given that the system is diffusion dominated?
Quantify the uncertainties associated with construction of the model, arising from the interpolation of information from
adjacent wells and the grouping together of stratigraphic surfaces and uneven borehole distribution in the Regional Study
Area.
Context:
This IR relates to confidence in the Three Dimensional Geological Framework Model (3DGFM) as a predictive tool,
which was presented at the October 11, 2012 Technical Information Session.
The model is important as the framework used in the analysis of the geological evolution of the Regional Study Area
(RSA). In particular, it is important because it is used as the framework for the regional hydrogeological modeling in the
RSA. Both are key components for the long term safety case.
Table 2.1 in the 3DGFM report documents the occurrence of reefs in the RSA, yet they are not included in the model.
This requires an explanation.
Uncertainties inherent in the construction of the model require discussion to determine how they may impact the safety
case.
The process of interpolating stratigraphic surfaces from historic well logs has been described, but not quantified. Most
boreholes lie to the south of the proposed DGR site, and there is one significant cluster of wells to the northeast of the
site. Of the 299 wells, only 73 reach the Precambrian basement. Furthermore, borehole information from Michigan was
used to extrapolate the model beneath Lake Huron, to the west of Bruce.
OPG Response:
Silurian Reef Occurrence
The occurrence of Silurian pinnacle and barrier reef complexes will not materially affect the DGR safety case or the
finding that mass transport processes in the enclosing Ordovician sediments are diffusion dominant. This assessment is
based on both geologic observation and insights gained from hydrogeologic modelling at regional and local scales.
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Several lines of evidence gathered during the geoscientific investigations for the DGR that support this interpretation are
outlined below. The information is provided in addition to that in OPG’s response to Information Request (IR) EIS-05211 (OPG 2012) on the topic of pinnacle reef geometry and likelihood that undiscovered pinnacle reef structures exist
above the DGR footprint.


Silurian barrier and pinnacle reef complexes within the Guelph Formation were included in the 3DGF model
(Figure 6.17 of the Regional Geology – Southern Ontario report; AECOM and ITASCA CANADA, 2011).
Although the Guelph Formation is included within the Niagaran Group, Figure 6.17 shows the distribution of the
pinnacle reefs as isolated peaks in the thin inter-reef zone, while the barrier complex is located to the northeast
of the pinnacle reef belt, more than 10 km away from the site. The regional cross-section through the Bruce
nuclear site shown in Figure 2.23 of the Geosynthesis (NWMO 2011a) illustrates a thickening of the Niagaran
Group, the result of an exaggerated Silurian pinnacle reef structure and the associated barrier reef complex
further to the east. At this distance from the site, the barrier reef complexes will not influence the results of the
hydrogeologic modelling, particularly with respect to the stability or resilience of the groundwater system within
the underlying low permeability Ordovician sediments. This assertion is consistent with observed geologic,
hydrogeologic and pore fluid hydrogeochemical data gathered at the site.



The Guelph Formation was less than 5.5 m thick in all cored DGR boreholes. For the purpose of the Descriptive
Site Geosphere Model at the Bruce nuclear site it has an estimated thickness of 4.1 m (Sterling and Melaney
2011; INTERA 2011, Table 3.17), which includes DGR-8, a borehole drilled and cored to a depth of 725 m at
the location of the main DGR shaft in 2011. This thickness, and predominantly brown sucrosic dolostone
lithology, is characteristic of the non-reefal, inter-pinnacle facies of the Guelph Formation (INTERA 2011, Section
3.8.4.1).



Pinnacle reefs have an average plan area of <120 hectares (ITASCA CANADA and AECOM 2011) but may
range up to >800 hectares (Matson 1991). The inclusion of borehole data from DGR-8 (Guelph Formation = 5.4
m thick), approximately 700 m equidistant from perimeter DGR boreholes 1, 3 and 4, provides spatial coverage
such that the likelihood of a pinnacle reef occurring above the DGR footprint is extremely low (see OPG’s
response to IR-EIS-05-211 (OPG 2012) and Briscoe and Sterling 2012).



Evidence of meteoric or glacial meltwater recharge in the sedimentary sequence beneath the Bruce nuclear site
indicates a maximum penetration depth of approximately 325 m (i.e., within the Salina A1 aquifer). The high
18
total dissolved solids concentration (370 gm/L) and absence of a depleted O signature within the underlying
Guelph aquifer (378 mbgs) strongly indicates that it has not been influenced by or mixed with surface meteoric or
glacial recharge (INTERA 2011, Section 4.6.5 and Figure 4.53; NWMO 2011a, Section 4.6).



The DGR is approximately 270 m below the Guelph Formation (Sterling and Melaney 2011). The nearhorizontally layered Ordovician and Lower Silurian bedrock formations that intervene between the DGR and the
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Guelph Formation possess vertical hydraulic conductivities of 10-13 m/s or less. Formation hydraulic
conductivities on this order are consistent with a long-lived diffusion dominant transport regime (NWMO 2011a,
Section 5.5).
Based on the multi-disciplinary information above and that provided in OPG’s response to IR-EIS-05-211, it is
improbable that on-site or regional Silurian age reef complexes would influence the DGR safety case or the
determination of a low permeability diffusion dominated transport regime in the Ordovician sediments proposed to host
and enclose the DGR.
3-DGF – Model Uncertainties
The modelling workflow for the 3DGF model was developed in order to specifically address the issue of uncertainty. It is
understood that the uneven borehole distribution throughout the study area and the historical nature of the data would
impose certain limitations to the interpretation. However, the following measures were taken during model development:


All available data sources were included in the model development : Ontario Oil, Gas and Salt Resources Library
(OGSRL); Petroleum Wells Subsurface Database (Borehole records 1930-present); Ontario Geologic Survey
Digital Bedrock Geology of Ontario Seamless Coverage ERLIS Data Set 6 (Scale 1:50,000); Historic borehole
geophysical survey logs from selected wells within the RSA (OGSRL); OGS Open File Report 6191, “An updated
guide to the Paleozoic stratigraphy of southern Ontario” (Armstrong and Carter 2006); Michigan Department of
Natural Resources and Environment, Petroleum Well Database; OGS Digital Bedrock topography and
overburden thickness mapping, Southern Ontario – Miscellaneous Data Release no. 207; and National Oceanic
and Atmospheric Administration (NOAA) digital bathymetry mapping of Lake Huron and Georgian Bay (Great
Lakes Bathymetry Gridding Project 2007).



Historical drilling records were screened for obvious errors (e.g., incorrect stratigraphic contacts and collar
ground surface elevations).



Reference wells and associated geophysical logs were included in the model (Armstrong and Carter 2006).



The DGR core formation picks were determined based on the results from four core workshops with participation
from industry, academic and government experts.



A Regional Scale Statistical Analysis test was performed: For this test, a formation surface was generated using
67% of the wells intersecting the Sherman Fall Formation, and then the additional 33% of the wells were input
into the test model to compare between their actual and predicted depths (R2 coefficient of determination =
0.99). Overall, the difference between predicted and actual formation depths at borehole control points is within
several metres on the regional scale that spans approximately 35,000 km2.



A Site Scale Blind Depth test was performed: For this test, a prediction was made of the formation tops that
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would be encountered beneath the location of the DGR-4 borehole based on the model subsurface formation top
projections beneath the Bruce nuclear site. The results indicate that this test predicted or estimated the DGR-4
contacts to within metres, with one exception in the Kirkfield Formation, which was a result of a modification in
the formation top pick criteria as a result of the core logging workshops with industry, government and academic
experts.
The measures listed above were taken in order to minimize the total uncertainty during development of the 3DGF model.
The model result is consistent with the present stratigraphic understanding and nomenclature in the literature (e.g.,
Armstrong and Carter, 2006 and 2010), and all formation contacts at reliable well locations are matched. In addition, all
data sets and formation surface contour maps have been provided for independent assessment and review. Neither the
grouping together of individual layers in the 3DGF model or the limitations of the regional borehole dataset used to
construct the model, increase the uncertainty of results from the long-term safety analyses, given the diffusion dominant
nature of the deep groundwater system beneath the site (NWMO 2011a; Sections 4.3.3, 4.4.3, 4.4.4, 5.2 and 5.4.1).
As described in the Geoscience Verification Plan (NWMO 2011b), activities undertaken to confirm sub-surface conditions
during vertical and lateral DGR development in support of an Operating Licence application will provide another
opportunity to assess confidence in the understanding of the site (NWMO 2011a, Section 2.3.4) and regional (NWMO
2011a, Section 2.2.5.2) scale bedrock stratigraphy and structure. In particular, new stratigraphic information from any
new regional scale drilling and site specific sub-surface geologic mapping would be used to further test and evaluate the
sufficiency of the 3DGF model. This assessment would be documented in an updated Geosynthesis prepared as a
supporting document to the DGR Operating Licence application.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Armstrong, D.K. and T.R. Carter. 2006. An Updated Guide to the Subsurface Paleozoic Stratigraphy of Southern
Ontario. Ontario Geological Survey, Open File Report 6191.
Armstrong, D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario. Ontario
Geological Survey, Special Volume 7.
Briscoe, G. and S. Sterling. 2012. Drilling, Logging and Sampling of DGR-7 and DGR-8. DGR Shaft Investigation
Document. Geofirma Engineering Ltd report for the NWMO TR-11-02 Rev.0. Ottawa, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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ITASCA CANADA and AECOM. 2011. Three-Dimensional Geological Framework Model. Itasca Consulting Canada,
Inc. and AECOM Canada Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-42 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Matson, M.M. 1991. Introduction, for southwestern and southeastern Niagaran. In: Wollensak, M.S., ed., Michigan
Basin Geological Society. Oil and Gas Field Manual of the Michigan Basin, v.2, pp.175–176.
NWMO. 2011a. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
Sterling, S. and M. Melaney. 2011. Bedrock Formations in DGR-1 to DGR-6. Geofirma Engineering Ltd. report TR-0911 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

EIS-08-381

 Section 8,
Description of the
Project

Information Request:

 C1NFR 5(a), (d),
(f) and (i)

Provide a risk/safety assessment for the excavation of these large openings.

Provide a plan for the geomechanical modeling of the large openings at the shaft station and service area.

Context:
This IR was generated based on the information provided at the October 11, 2012 Technical Information Session on
numerical modeling and the July 18, 2012 Technical Information Session.
The design and stability analysis of the large underground openings at the shaft station and service area greatly rely on
state-of-the-art two and three dimensional geomechanical modeling of the excavation to gauge the level of risk
associated with high horizontal stresses. In particular, when the emplacement rooms are aligned with the maximum
horizontal stress, this maximum horizontal stress will be perpendicular or close to perpendicular to the large openings at
the shaft and service area that will exacerbate the stability of the large openings. This will pose potential risks to the
workers’ safety during the construction of the facility.
The findings of the geomechanical modeling/analysis will form the basis for geotechnical design of the large underground
openings and are important to ensure the underground stability and the worker’s safety during the construction and
future operation of the DGR facility.
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OPG Response:
The design of the repository is informed through the 2D and 3D geomechanical modeling as described in the July 18,
2012 Technical Information Session #1 (TIS#1) (OPG 2012a). Repository-wide three-dimensional (3D) numerical
modeling and some detailed 3D modeling of intersections between emplacement rooms and access tunnels were
described in the TIS#1 presentation and submission materials.
The results of repository-wide modeling were used to identify areas in the underground repository that had to be
modeled in more detail to assess geomechanical stability. Detailed 3D modeling has been performed for the following
areas of the underground repository: the maintenance shop area, main shaft station, ventilation shaft station and loading
pocket, and intersections between emplacement rooms and access tunnels. A detailed 3D analysis of selected areas
(GOLDER 2012, enclosed) provides a summary of this detailed modeling identifying potentially overstressed sections of
the underground repository and provides ground support recommendations for these areas.
Results and recommendations from the 2D and 3D modeling will be incorporated into the design basis and will support
the design of the rock support system for various underground openings. The modeling will also support the
development of the geotechnical investigation and monitoring plan as described in OPG’s response to Information
Request EIS-07-302 (OPG 2012b).
The on-going risk/safety assessment is a key aspect of the design of all underground openings. To mitigate the risk of
major falls of ground, the following major activities have been or will be undertaken:
1. Geomechanical modeling based on conservative assumptions of rock mass properties;
2. Testing and monitoring of the rock response both during shaft sinking and lateral development to confirm rock
mass behaviour as predicted by modeling;
3. Adjustment of rock support design based on observation of rock mass behavior during excavation;
4. Implementation of a rigorous quality control program during procurement and installation of the rock support
system; and
5. Long-term monitoring of cavern response and periodic testing of the rock support system during DGR operations
to ensure safe operating conditions in the underground repository.
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low & Intermediate Level Waste - 3D Detailed Analysis of
Selected Areas. Golder Associates Ltd. Technical Memorandum No. 1011170042-TM-G2070-0007-00 Rev.00.
(enclosed)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
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July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Package # 7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)

EIS-08-382

 Section 8,
Description of the
Project
 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.3,
Groundwater
 Section11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

Information Request:
Provide 'What-if' hydrogeologic modelling scenarios using hypothetical Precambrian hydraulic head values to
demonstrate its influence on contaminant transport. Include over and underpressure conditions in these scenarios.
Context:
The Cambrian Sandstone exhibits the highest vertical hydraulic gradients and hydraulic conductivity in the site. It is
important to know what boundary condition (head) is responsible for this gradient as this implies an overall upward
hydraulic gradient and flow through the site, possibly to the ground surface.
OPG Response:
The Geosynthesis (NWMO 2011) provides a basis for understanding the evolution of the groundwater system within the
sediments proposed to host and enclose the Deep Geologic Repository (DGR) for Low and Intermediate Level
Radioactive waste. To this end, the Geosynthesis relies on both the interpretation of site-specific data, as well as
illustrative numerical simulations, to assess groundwater system properties, past and future groundwater system
boundary conditions, groundwater flow rates, and containment transport mechanisms. The Geosynthesis is supported
by more than 40 numerical simulations, including ‘what-if’ simulations, of the groundwater system. A summary of the
approach and strategy for application of the numerical models, as well as the insight gained as a result of the numerical
simulations, particularly with respect to the role of groundwater system uncertainty on the understanding of contaminant
transport, is provided by Sykes et al. (2011, Section 7.0).
With respect to the noted abnormal over- and under-pressures, specific simulations to examine the potential origin of
these abnormal pressures and their influence on contaminant transport mechanisms, are described by Sykes et al.
(2011; Sections 4.5.5, 6.0 and 7.4). The results from the suite of numerical simulations, designed to bound groundwater
system behaviour at timeframes relevant to illustrating DGR performance, indicate that the diffusion-dominant
contaminant transport regime in the thick (≈380 m) Ordovician sequence is insensitive to assumed boundary conditions.
This finding is consistent with other lines of evidence gathered during field investigations, as described in the
Geosynthesis (NWMO 2011, Section 8.0). The additional lines of evidence, with respect to the long-lived diffusiondominated regime in the confining Ordovician sediments (e.g., despite observed abnormal over- and under-pressures),
are summarized below.
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Horizontal hydraulic conductivities (KH) within the Cobourg Formation (proposed DGR host rock), the overlying
Ordovician shales (Georgian Bay, Blue Mountain and Queenston Formations, and the Collingwood Member of
the Cobourg Formation), and the underlying Ordovician limestones and dolostones (Sherman Fall, Kirkfield,
Coboconk, Gull River, and Shadow Lake Formations) are extremely low (≈10-15 to 10-10 m/s). Vertical hydraulic
conductivities within the same formations are lower. Such conditions are consistent with a diffusion-dominated
regime (NWMO 2011; Sections 5.2 and 5.4.1; Figure 5.1).
The effective diffusion coefficient (De) for tritiated water (HTO) in the Ordovician shales is on the order of 10-12
m2/s, and in the carbonates is 10-13 to 10-12 m2/s (NWMO 2011; Section 4.3, Figure 5.7). The low De values,
coupled with the low hydraulic conductivities of the Ordovician sediments, indicate that solute migration is
diffusion-dominated in the deep groundwater system.
The occurrence of isotopically distinct types of methane and helium in separate zones (one zone in the Upper
Ordovician shale and another zone in the Middle Ordovician carbonates) indicates that there has been little to no
cross-formational mixing (advective or diffusive) while these gases were resident in the system (NWMO 2011,
Section 4.4.3).
The radiogenic strontium ( 87Sr/86Sr) ratios in the Middle and Upper Ordovician porewaters are interpreted to
result from a combination of water-rock interaction, in situ rubidium ( 87Rb) decay, and diffusive transport upward
from the underlying Precambrian shield (NWMO 2011, Section 4.4.4);
The chemistries of the deep brines indicate that they are of evaporated seawater origin, and have been modified
over time by fluid-rock interaction processes (NWMO 2011, Section 4.3.3). The Cl/Br and Na/Cl ratios, as well
as the stable water isotope data for the site, suggest that the deep groundwater system contains evolved ancient
sedimentary brines at, or near, halite saturation.
Illustrative hydrogeochemical modelling suggests that the currently measured natural tracer (18O, Cl) profiles
could evolve by diffusion from baseline conditions (evaporated seawater composition) in the timeframe of
approximately 300 Ma (NWMO 2011, Section 4.5).

These lines of evidence, coupled with aforementioned insights gained from the hydrogeologic modelling, provide a
compelling case that contaminant transport within Ordovician sediments proposed to host and enclose the DGR has
remained diffusion-dominated in spite of the existence of the observed anomalous hydraulic heads and past geologic
perturbations.
The postclosure safety analyses have considered, among other factors, the influence of abnormal over- and
underpressures on flow and contaminant transport. All analyses included the Cambrian overpressure, while some
analyses conservatively neglected the Ordovician underpressures. The analyses are summarized in the Preliminary
Safety Report (OPG 2011, Section 8); see for example Figure 8-19 for the modelled hydraulic head profiles and Figures
8-26 and 8-27 for some results. Details on the effect on flow and contaminant transport are given in the supporting
reports, including GEOFIRMA (2011).

1220

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-08-383

 EIS Guidelines:
Section 8.2, Site
Preparation and
Construction

Information Request:

 Section 10.1.1,
Geology and
Geomorphology

There must be sufficient data to allow confident interpretation of the existence of any contaminant plumes and the
direction of movement of these plumes. The data are to include but not be limited to tritium, metals and metalloids, PAH,
BTEX, and supporting information, such as pH, total dissolved solids and temperature. These data are to be provided by
the end of the EIS Review and Comment period.

 Section 11.1,
Effects Prediction

Context:

Provide measurement data sufficient for the characterization of near-surface groundwater in the areas of the stormwater
retention pond, the waste rock management area and the general site study area to the property boundary.

This information is required to ensure that the site is adequately characterized for groundwater contamination. The
approach is expected to be similar to that used routinely for characterization of brownfield sites. The information will
inform the Panel regarding the possible future requirement for mitigation prior to the initiation of site preparation
activities.
The modelling conducted to describe and characterize the near surface groundwater regime is not adequate for the
above purpose.
The Panel is aware that there are limited groundwater data available but these are not sufficient for the purpose of its
review.
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OPG Response:
A shallow groundwater monitoring program was established for the proposed DGR project area in 2012. As described in
the DGR EA Follow-up Monitoring Program report (NWMO 2011a, Section 3), the purpose of the monitoring program is
to confirm that there are no adverse effects on the shallow groundwater system arising from DGR construction and
operation. The design of the groundwater monitoring program and commissioning are described in NWMO (2011b),
GEOFIRMA (2011, Section 6), GEOFIRMA (2012a, Section 6.4) and GEOFIRMA (2012b). The monitoring wells (10) are
situated in the uppermost aquifer beneath the DGR site area, in which any lateral off-site contaminant migration would
first occur. In particular, the monitoring well network was designed to include wells situated down-gradient of the
proposed Rock Waste Management Area (RWMA) and Stormwater Management Pond (SWMP). The DGR monitoring
well network was installed in the summer of 2012. Routine monitoring activities, which will include hydraulic head and
groundwater quality sampling, will be conducted on a quarterly basis. The first round of baseline monitoring was
completed in November 2012. A list of groundwater quality parameters is shown in Table 1.
Interim results from the DGR baseline monitoring program indicate that groundwater conditions are consistent with
historical investigations, numerical analyses and groundwater monitoring. Water level measurements within the WSH300 series wells established for OPG’s Western Waste Management Facility indicate that hydraulic head distributions in
the confined carbonate bedrock aquifer, directly beneath the dense glacial till, are materially consistent with historical
observations and analyses previously submitted to the Canadian Nuclear Safety Commission (Jensen 1995,
Sykes 1999). There is no indication of groundwater conditions that would require mitigation prior to site preparation.
The results from the groundwater monitoring to the end of March 2013 will be submitted to the Joint Review Panel in
early May 2013.
Table 1: Monitoring of Shallow Groundwater Quality at DGR Project Site











Analytes Included in Baseline Monitoring
Program
Electrical Conductivity (EC)
pH
Dissolved Oxygen (DO)
Redox Potential (Eh)
Temperature
Alkalinity
Total Iron
Total Sulphide
Tritium
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Additional Analytes for Collection in Q1 2013




Polycyclic Aromatic Hydrocarbons (PAH)
Volatile Organic Carbons (VOCs) including
Benzene, Toluene, Ethylbenzene, Xylenes
(BTEX)
Additional metals: Sb, Cd, Pb, Hg, Mo, Ag, Tl,
V
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18

O and 2H in water
Gross Alpha
Gross Beta
Dissolved Inorganic Carbon
Dissolved Organic Carbon
Petroleum Hydrocarbons (F1-F4 fractions)
Major Cations: Na, NH3+, NH4, NO2, NO3, Ca,
Mg, K, Sr, Fe, Mn
Major Anions: Cl, Br, F, I, Si, SO4
Trace Elements: Al, As, Ba, B, Co, Cr, Cs, Cu,
Gd, Th, Ni, Rb, Se, Si, U, Zn

References:
GEOFIRMA. 2011. Environmental Monitoring Program DGR- and US-Series Boreholes 2010 Annual Report. Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-REP-03420-0001-R000.
Toronto, Canada.
GEOFIRMA. 2012a. Environmental Monitoring Program DGR- and US-Series Boreholes 2011 Annual Report.
Geofirma Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-REP-03420-0002R000. Toronto, Canada.
GEOFIRMA. 2012b. Shallow Groundwater Monitoring Well Network Installation (WSH-301 to WSH-310). Geofirma
Engineering Ltd. report for the Nuclear Waste Management Organization NWMO DGR-REP-04780-0001-R000.
Toronto, Canada.
Jensen, M.R. 1995. BNPD RWO Site 2: Numerical Groundwater Flow System Analysis. Ontario Power Generation
report NK37-03480-94012 (UFMED) R01. Toronto, Canada.
NWMO. 2011a. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011b. Shallow Groundwater Quality Monitoring. Nuclear Waste Management Organization report NWMO
DGR-REP-03440-0001 R000. Toronto, Canada.
Sykes. 1999. BNPD RWO Site 2: An Analysis of a Proposed Action Level for Tritium. Sykes and Associates report for
Ontario Power Generation 0125-REP-79811-0020353. Toronto, Canada.
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 EIS Guidelines:
Section 8.1,
General
Information and
Design

Information Request:

 EIS Guidelines:
Section 13, LongTerm Safety of
the DGR

In table B.1, B.2, B.3 and C.1 of the inventory report, there are some nuclides for which activity is directly measured. For
instance, in Table B.1 the value for Am-241 in Bottom Ash (old) should be depicted as 1.7E+05 (n) with n being the
number of measurements.

 CNSC Regulatory
Guide G-320:
Section 6.2.1

OPG Response:

For all radionuclides that are directly measured, provide the number of times these nuclides were measured in each
waste type in table B.1, B.2, B.3 and C.1. Provide the 95th percentile value as well as the mean.
Context:

The following analysis is based on the waste characterization data as of the 2010 Reference Inventory report
(OPG 2010).
The results are presented in the attached Tables 1 to 4 by waste type. For each waste type and each relevant
radionuclide, the reference radionuclide concentration from the 2010 Inventory report, the number of samples, and the
upper 95th percentile confidence limit in the mean are provided.
This information characterizes the wastes as-received at OPG’s Western Waste Management Facility (WWMF), i.e.
taking into account typical time delays for waste packaging and delivery to WWMF. In order to determine radionuclide
inventories within the DGR at various time periods, account also needs to be taken for the decay of the wastes in storage
at WWMF and/or DGR, and the assumed volumes and timing of future waste deliveries. That information is included in
the inventories presented in the Reference Inventory report (OPG 2010).
In the OPG waste characterization program, radionuclides are: (1) directly determined from measurement; (2) estimated
using scaling factors derived from measurements; (3) estimated using scaling factors based on models; or (4) calculated
using activation-based computer models. In the OPG (2010) inventory, the following radionuclide activities in wastes
were determined from direct gamma measurements: Ce-144, Co-60, Cs-134, Cs-137, Eu-152, Eu-154, Eu-155, Fe-59,
Gd-153, La-140, Nb-94, Nb-95, Ru-106, Sb-124, Sb-125 and Zr-95. Other radionuclides which were measured
radiochemically and then determined directly or through scaling factors were: Am-241, C-14, Cm-244, Fe-55, Ni-59,
Ni-63, Pu isotopes, and Sr-90.
Information on measured radionuclides is provided in the tables below for those radionuclides with half-lives longer than
1 year as these are most important to the DGR safety assessment. It should be noted that the scaling factor based
inventories may also be supported by scaling factor data for other similar wastes, but this is not recorded below.
The appropriate method to estimate the 95th percentile upper confidence limit in the mean (UCL) depends on the nature
of the underlying distribution and the number of samples. For the present estimate, the underlying distribution of most of
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the radionuclides has not been tested, and the UCL has been estimated using a non-parametric approach - the 99%
Chebyshev inequality (US EPA 2002). For the ILW resins, which are key waste forms in terms of total inventory and
potential long-term impact, the UCL was calculated taking into account the nature of the measurement data. In
particular, the UCL is the recommended value from the US EPA ProUCL version 4.1 software (US EPA 2010). If there
are fewer than 5 data points, no UCL is provided. If the concentrations are model based, as is the case for retube waste,
also no UCL is provided.
For radionuclide inventories determined using measured scaling factors and the concentration of a measured marker
radionuclide, the uncertainty in the inventory depends on both the uncertainty in the scaling factor and in the marker
nuclide concentration. As an estimate, the UCL is calculated using the sum-of-squares approach for propagating
uncertainty in the product of variables.
OPG has a continuing program of waste characterization to confirm the characteristics of newly-generated waste and to
improve the characterization of previously-generated waste. The data included in the Tables below reflects information
as of 2010, as presented in the Reference Inventory report (OPG 2010).
Preliminary evaluation of the current waste characterization data indicates that there is a general tendency for the mean
inventories to be larger than in OPG (2010), but within the presented UCLs. With respect to the DGR postclosure safety
assessment dose impacts, the most significant potential change is an increase in the C-14 content on ILW resins by
about a factor of 2. (This is consistent with the information on C-14 uncertainty presented in OPG’s detailed response to
Information Request (IR) EIS-01-06 (Sedor 2012, Section 3.5; enclosed with OPG letter dated March 9, 2012 (OPG
2012)). This is most relevant in the shaft seal failure scenario as this is a higher dose disruptive scenario. Although not
specifically analyzed, a doubling of C-14 inventory would imply a doubling of peak dose in this scenario as it is
dominated by C-14 release as gas. That is, from 1 to 2 mSv/a at 23,000 years in the Shaft Seal Failure Scenario base
case, and from 80 to 160 mSv/a at 4,000 years in the extended degradation case. No significant changes are
anticipated for the other higher dose scenario - inadvertent human intrusion. Normal evolution scenario impacts are
expected to remain several orders of magnitude below the dose criterion. An updated Reference Inventory including
new data and also current waste volume projections would be prepared in support of an application for an Operating
Licence.
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Table 1. Specific Activities of Operational LLW (As-received)
Notes:
Blank entry means no value was reported in 2010 Reference Inventory report (OPG 2010)
* Indicates value in OPG (2010) was not directly measured, but estimated from other information.
n is the number of measurements of radionuclide in specific waste type above detection limits.
Upper 95th percentile confidence limit (in the mean) is not estimated for 4 or fewer data points.

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90

Bottom Ash (Old)
Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
1.6E+08
(53)
6.7E+08
7.6E+06
(52)
3.5E+07
6.1E+07
(53)
3.0E+08
2.8E+06
(24)
2.8E+07
6.3E+05
(4)
n/a
1.4E+06
(9)
3.1E+07
1.6E+07
(28)
9.7E+07
Scaling Factor / Radiochemical measurement
1.7E+05
(7)
1.2E+06
8.1E+06
(14)
3.9E+07
4.9E+04
(5)
3.6E+05
1.0E+09
(7)
7.0E+09
1.5E+08
(5)
8.2E+08
6.4E+04
(5)
3.6E+05
2.5E+05
2.6E+06
4.1E+07
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(7)
(1)
(17)

1.4E+06
n/a
1.8E+08
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Baghouse Ash (Old)

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
4.1E+07
(13)
2.0E+08
5.1E+07
(13)
2.3E+08
4.7E+08
(13)
1.9E+09
2.6E+06

(2)

n/a

4.2E+07
(11)
2.4E+08
Scaling Factor / Radiochemical measurement
1.6E+05
(5)
1.8E+06
3.0E+06
(8)
2.0E+07
3.4E+04
(4)
n/a
3.0E+08
(5)
2.7E+09
3.0E+06
(5)
3.0E+07
6.2E+04
(4)
n/a
1.9E+05
4.1E+06
4.0E+06
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(5)
(1)
(10)

1.7E+06
n/a
2.3E+07
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Bottom Ash (New)

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
2.5E+08
(7)
8.4E+08
7.0E+05
(6)
2.5E+06
2.8E+07
(7)
8.1E+07
1.0E+06

(6)

3.1E+06

3.7E+06
(7)
3.0E+07
1.1E+07
(7)
2.6E+07
Scaling Factor / Radiochemical measurement
3.0E+06
(3)
n/a
5.6E+07
(3)
n/a
3.8E+05
(3)
n/a
1.3E+10
(3)
n/a
1.4E+07
(3)
n/a
7.7E+05
(3)
n/a
1.7E+06
4.0E+07
1.5E+07
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(3)
(3)
(3)

n/a
n/a
n/a
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Baghouse Ash (New)

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
1.6E+06
(7)
1.7E+07
6.7E+05
(6)
1.2E+07
2.5E+07
(7)
1.5E+08

4.0E+04
(4)
n/a
1.3E+06
(7)
8.7E+06
Scaling Factor / Radiochemical measurement
2.3E+04
(3)
n/a
8.4E+03
(3)
n/a
6.1E+03
(3)
n/a
9.9E+06
(3)
n/a
9.4E+04
(3)
n/a
5.3E+03
(3)
n/a
1.6E+04
2.9E+05
2.1E+05
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(3)
(3)
(3)

n/a
n/a
n/a
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Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90

Compacted Waste - Baled Waste
Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
6.8E+07
(18)
2.8E+08
5.6E+06
(18)
2.1E+07
3.1E+07
(18)
9.2E+07

Scaling Factor / Radiochemical measurement
2.4E+05
(22)
1.2E+06
5.5E+06
(17)
2.5E+07
1.1E+05
(20)
5.9E+05
2.6E+06
(22)
1.1E+07
7.5E+05
(21)
3.7E+06
5.0E+04
(23)
2.5E+05
2.5E+05
4.0E+06
1.5E+06

(16)
(11)
(21)

1.2E+06
2.1E+07
7.1E+06

Box Compacted Wastes
- These are similar wastes to Baled Wastes, except that they were compressed to higher density in a box compactor.
- Inventories are based on data from Baled Wastes, but corrected for the higher density.
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Co-60
Cs-134
Cs-137 A
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Boxed Non-Processible Waste
Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
2.0E+07
(20)
4.8E+07
3.0E+05
(9)
2.0E+06
3.9E+08
(18)
4.9E+08

7.8E+05
(7)
1.2E+07
Scaling Factor / Radiochemical measurement
4.4E+05
(20)
2.0E+06
7.3E+05
(14)
2.4E+06
7.9E+03
(18)
2.9E+04
9.6E+07
(19)
2.7E+08
1.8E+06
(17)
6.0E+06
5.4E+03
(19)
1.9E+04

Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
2.5E+04
(15)
8.4E+04
Pu-241
5.4E+05
(7)
2.1E+06
Sr-90
7.5E+06
(14)
3.1E+07
A
Cs-137 includes the inventory of sealed sources.

1231

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

Drummed Non-Processible Waste

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
4.4E+07
(203)
1.5E+08
2.8E+06
(203)
4.6E+07
4.4E+07
(203)
1.5E+08
4.4E+04
(203)
3.0E+05
4.8E+04
(203)
3.1E+05
1.1E+05
(203)
4.9E+05
1.3E+06
(203)
4.3E+06
Scaling Factor / Radiochemical measurement
2.4E+01
(7)
1.9E+02
1.5E+07
(7)
7.7E+07
3.5E+00
(7)
3.5E+01
8.4E+07
(7)
7.1E+08
8.0E+05
(7)
3.7E+06
3.8E+00
(8)
3.0E+01

Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
2.9E+01
(6)
2.2E+02
Pu-241
*
A
Sr-90
8.5E+06
(3)
n/a
A
Scaling factor based on LLW average measured scaling factor.
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ALW Resin

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
1.1E+07
(11)
2.4E+08
7.4E+04
(4)
n/a
1.0E+07
(11)
1.4E+09

Scaling Factor / Radiochemical measurement
Am-241
*
A
C-14
6.3E+06
(10)
1.5E+08
Cm-244
*
A
Fe-55
*
A
Ni-63
*
A
Pu-238
*
A
Pu-239+
Pu-240
*
A
Pu-241
*
A
Sr-90
*
A
A
Scaling factor based on LLW average measured scaling factor
rather than waste specific. The LLW average is based on 20-70
measurements depending on nuclide.
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ALW Sludge

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
5.3E+06
(4)
n/a
4.5E+06
(1)
n/a
7.4E+06
(4)
n/a

4.2E+04
(1)
n/a
3.0E+06
(1)
n/a
Scaling Factor / Radiochemical measurement
*
A
2.2E+06
(4)
n/a
*
A
*
A
*
A
*
A

Am-241
C-14 B
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
*
A
Pu-241
*
A
Sr-90
*
A
A
Scaling factor based on LLW average measured scaling factor
rather than waste specific. The LLW average is based on 20-70
measurements depending on nuclide.
B
C-14 inventory is based on direct measurements and not a
scaling factor.
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Feeders A

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
1.4E+10
n/a
1.3E+11
3.6E+07
n/a
1.8E+08
1.3E+08
n/a
9.0E+08
5.8E+07

n/a

5.8E+08

1.0E+08
n/a
6.7E+08
Scaling Factor / Radiochemical measurement
Am-241
9.6E+06
(1)
n/a
C-14
3.3E+08
(1)
n/a
(1)
Cm-244
3.8E+06
n/a
(1)
Fe-55
4.0E+10
n/a
(1)
Ni-63
5.5E+07
n/a
(1)
Pu-238
3.1E+06
n/a
Pu-239+
(1)
Pu-240
1.4E+07
n/a
(1)
Pu-241
1.3E+08
n/a
(1)
Sr-90
1.2E+09
n/a
A
The overall feeder content is 50% inlet and 50% outlet. The
individual data points are not reported. Upper confidence limit is
estimated as the maximum measured value.
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Table 2. Specific Activities of Operational ILW (As-received)
Notes:
Blank entry means no value was reported in 2010 Reference Inventory report (OPG 2010)
* Indicates value in OPG (2010) was not directly measured, but estimated from other information.
n is the number of measurements of radionuclide in specific waste type above detection limits.
Upper 95th percentile confidence limit (in the mean) is not estimated for 4 or fewer data points.
Misc IX Resin
Specific
Activity
(OPG 2010)

n

Upper 95%
Confidence Limit

Bq/m3

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
H-3
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90
A

Bq/m3
Direct gamma measurement
2.7E+10
(7)
2.3E+13
4.0E+09
(7)
2.8E+11
1.3E+10
(7)
1.0E+13
1.0E+06
(3)
n/a
1.0E+06
(1)
n/a
1.1E+07
(2)
n/a
1.5E+05
(1)
n/a
1.9E+09
(5)
2.7E+12
A
Radiochemical measurement
2.8E+07
(7)
1.3E+11
1.5E+10
(7)
1.6E+12
4.8E+06
(7)
2.7E+10
3.4E+10
(7)
9.9E+14
4.0E+11
(7)
2.6E+13
2.5E+09
(7)
2.9E+12
6.9E+06
(7)
1.0E+10
3.7E+07
3.8E+09
1.1E+09

(7)
(5)
(7)

3.4E+10
2.7E+12
2.6E+12

Inventories are based on direct measurements and not scaling factors.
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CANDECON Resins A
Specific
Activity
(OPG 2010)

n

Upper 95%
Confidence Limit

Bq/m3

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Bq/m3
Direct gamma measurement
4.9E+10
(31)
1.9E+11
3.9E+08
(4)
n/a
1.2E+09
(8)
n/a
1.3E+07
(1)
n/a
7.3E+08
(4)
n/a
2.4E+07
(2)
n/a
1.7E+06
(1)
n/a
2.2E+09
(5)
n/a
Scaling Factor / Radiochemical measurement
6.8E+07
(2)
n/a
1.0E+08
(2)
n/a
2.9E+07
(2)
n/a
2.0E+11
(2)
n/a
2.2E+09
(1)
n/a
7.0E+06
(2)
n/a

Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
3.9E+07
(2)
n/a
Pu-241
2.1E+09
(2)
n/a
Sr-90
2.5E+10
(2)
n/a
A
The overall CANDECON resin activity is calculated based on
ratio of the volumes of cation and mixed bed CANDECON resins.
“n” represents the number of samples of cation resin plus the
number of samples of mixed-bed resin.
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PHT Resins
Specific
Activity
(OPG 2010)

n

Upper 95%
Confidence Limit

Bq/m3

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125
Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90
Cl-36
Tc-99
I-129

Bq/m3
Direct gamma measurement
3.0E+09
(31)
1.4E+10
2.7E+10
(22)
7.8E+10
5.3E+10
(31)
7.4E+11
4.9E+09
(2)
n/a

1.1E+07
(1)
n/a
9.2E+08
(23)
3.0E+09
Scaling Factor / Radiochemical measurement
1.0E+05
(3)
n/a
8.8E+10
(26)
4.6E+11
4.5E+06
(3)
n/a
3.5E+08
(3)
n/a
8.2E+06
(3)
n/a
2.8E+05
(6)
3.6E+06
9.3E+05

(6)

1.1E+07

1.1E+06
2.9E+08
3.0E+03
2.1E+05
6.5E+04

(3)
(4)
(4)
(4)
(4)

n/a
n/a
n/a
n/a
n/a

IX Column Resins
- These are PHT resins that are handled and replaced as an integrated column rather than as slurried resins. Their radionuclide
characteristics will be similar to the bulk PHT resins shown above.
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Moderator Resins
Specific
Activity
(OPG 2010)

n

Upper 95%
Confidence Limit

Bq/m3

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Bq/m3
Direct gamma measurement
5.1E+10
(37)
4.7E+12
4.1E+08
(14)
2.7E+09
1.8E+08
(19)
3.1E+10
1.2E+09
(20)
2.3E+10
6.4E+08
(5)
2.5E+09
4.8E+07
(1)
n/a
9.9E+08
(18)
2.3E+09
Scaling Factor / Radiochemical measurement

Am-241
C-14
2.7E+12
(24)
8.7E+12
Cm-244
Fe-55
1.4E+10
(2)
n/a
Ni-63
2.0E+09
(2)
n/a
Pu-238
*
A
Pu-239+
Pu-240
*
A
Pu-241
*
A
Sr-90
1.4E+07
(1)
n/a
Cl-36
3.4E+05
(4)
n/a
A
Scaling factor based on PHT resin measured scaling factor.
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Filters and Filter Elements A
Specific
Activity
(OPG 2010)

n

Upper 95%
Confidence Limit

Bq/m3

Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
Nb-94
Sb-125

Bq/m3
Direct gamma measurement
4.5E+09
(5)
4.8E+10
1.5E+08

(3)

n/a

6.7E+07
(4)
n/a
2.2E+09
(4)
n/a
B
Radiochemical measurement
2.9E+07
(2)
n/a
7.7E+09
(2)
n/a
2.2E+08
(2)
n/a
1.5E+10
(2)
n/a
2.6E+08
(2)
n/a
9.7E+06
(2)
n/a

Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
3.2E+07
(2)
n/a
Pu-241
2.5E+07
(2)
n/a
Sr-90
1.0E+08
(2)
n/a
A
Inventories were derived from data for Fuelling Machine Filters.
B
Inventories are based on direct measurements and not scaling
factors.

Irradiated Core Components
- Inventories are determined by activation calculations and are not directly measured.
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Table 3. Specific Activities of Reactor Refurbishment Wastes
Notes:
Blank entry means no value was reported in 2010 Reference Inventory report (OPG 2010)
* Indicates value in OPG (2010) was not directly measured, but estimated from other information.
n is the number of measurements of radionuclide in specific waste type above detection limits.
Upper 95th percentile confidence limit (in the mean) is not estimated for 4 or fewer data points.
Steam Generator A

Co-60 B,C
Cs-134
Cs-137 C
Eu-152
Eu-154 C
Eu-155
Nb-94 C
Sb-125 C

Am-241
C-14
Cm-244
Fe-55
Ni-63
Pu-238
Pu-239+
Pu-240
Pu-241
Sr-90
A

Specific
Upper 95%
Activity
n
Confidence Limit
(OPG 2010)
Bq/m3
Bq/m3
Direct gamma measurement
6.8E+09
n/a
n/a
1.7E+06
(4)
n/a
2.0E+07
(3)
n/a
1.7E+06
(2)
n/a
1.5E+07
(6)
n/a
2.7E+07
(24)
5.1E+07
2.7E+05
(2)
n/a
1.8E+07
(3)
n/a
Scaling Factor / Radiochemical measurement
2.7E+08
(6)
n/a
(5)
n/a
1.2E+08
(6)
n/a
1.4E+08
(6)
n/a
1.8E+10
(5)
n/a
8.1E+08
(6)
n/a
7.9E+07
2.4E+08
3.5E+09
1.1E+09

(6)
(6)
(6)

n/a
n/a
n/a

The overall steam generator content is a combination of hot leg and cold leg
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data.
B
The Co-60 activity was obtained from dose rate profile along steam generator
tubes, rather than point data, so upper confidence limit is not calculated.
C
Approximately 24 oxiprobe data points also available. Used as supporting
data.

Pressure Tubes, End fittings, Calandria Tubes, and Calandria Tube Inserts:
- Inventories are determined by activation calculations and are not directly measured.

Table 4. Chemical Composition of L&ILW
Notes:
Blank entry means no value was reported in 2010 Reference Inventory report (OPG 2010).
* Indicates value in OPG (2010) was not directly measured, but estimated from other information.
n is the number of measurements of radionuclide in specific waste type above detection limit.
Upper 95% confidence limit in the (mean) is not calculated for 4 or less data points.
Bottom Ash (Old)

Component

(20)
(20)

Upper 95%
Confidence
Limit
(μg/g)
1.1E+05
3.2E+03

(20)

1.4E+04

(20)
(20)

1.2E+05
2.1E+05

Ref. Inv.
2010
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Carbon
Cerium
Cesium

(μg/g)
3.3E+04
1.0E+03
*
3.0E+03

n

Baghouse Ash (Old)
Ref. Inv.
2010

n

(μg/g)

Upper 95%
Confidence
Limit
(μg/g)

*
*
5.5E+04
1.1E+05
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Chlorine
Chromium
Cobalt
Copper
Fluorine
Gadolinium
Iodine
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Niobium
Nitrogen
Oxygen
Phosphorus
Potassium
Rubidium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulphur
Tellurium
Thallium
Thorium
Tin
Titanium
Tungsten
Uranium

4.0E+03
7.0E+03
*
2.3E+04

(20)
(20)

1.5E+04
2.7E+04

1.1E+05

(1)

n/a

(20)

9.2E+04

4.5E+04
1.3E+04

(20)
(20)

1.1E+05
6.0E+04

4.0E+03

(1)

n/a

8.0E+03
4.0E+03
*

(20)
(20)

3.7E+04
1.5E+04

2.0E+03
*

(20)

6.4E+03

3.0E+03
3.0E+03

(20)
(20)

5.4E+03
9.7E+03

4.6E+04

(1)

n/a

3.6E+04

(20)

1.3E+05

9.0E+03

(1)

n/a

6.0E+03
1.0E+03
2.0E+03
*

(20)
(20)
(20)

2.2E+04
3.2E+03
8.7E+03

4.8E+04

(1)

n/a

7.6E+04

(1)

n/a

1.6E+04

(20)

5.6E+04

*
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Vanadium
Zinc
Zirconium
Cl-Benzenes /
Cl-Phenols
Dioxins /
Furans
PAH
PCB
Nitrate ion

Component

4.1E+04
*

(20)

1.1E+05

5.1E+04

(1)

n/a

3.3E+00

(4)

n/a

2.6E+01

(1)

n/a

7.6E-02
2.3E+00
2.0E-01
*

(4)
(4)
(4)

n/a
n/a
n/a

7.9E-02
1.0E-01
1.0E-01

(1)
(1)
(1)

n/a
n/a
n/a

Bottom Ash (New)

(μg/g)
4.2E+04
1.3E+03
8.6E+00
3.6E+03
1.3E+00
6.8E+00
3.5E+02

(8)
(8)
(8)
(8)
(8)
(8)
(8)

Upper 95%
Confidence
Limit
(μg/g)
7.6E+04
8.0E+03
3.4E+01
7.1E+03
2.6E+00
8.7E+01
1.4E+03

1.3E+01
1.5E+05
1.9E+04

(8)
(8)
(3)

4.1E+01
2.9E+05
n/a

2.0E+01
3.1E+05
2.4E+05

(8)
(8)
(8)

1.1E+02
5.8E+05
5.6E+05

5.7E-01
7.1E+03
3.7E+03
9.8E+01
7.7E+03

(8)
(4)
(8)
(8)
(8)

3.4E+01
n/a
8.9E+03
4.1E+02
1.7E+04

4.7E-01
3.9E+04
1.0E+02
4.4E+00
2.0E+02

(8)
(4)
(8)
(8)
(8)

2.7E+00
n/a
3.0E+02
6.5E+01
3.1E+03

Ref. Inv.
2010

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper

Baghouse Ash (New)

n
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LM

n

(μg/g)
1.4E+03
9.9E+02
4.4E+00
5.0E+01
8.6E-01
5.9E+00
3.5E+01

(8)
(8)
(8)
(8)
(8)
(7)
(8)

Upper 95%
Confidence
Limit
(μg/g)
3.1E+03
8.7E+03
2.1E+01
1.8E+02
3.7E+00
7.1E+01
1.4E+02
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Fluorine
Gadolinium
Iodine
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Niobium
Nitrogen
Oxygen
Phosphorus
Potassium
Rubidium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulphur
Tellurium
Thallium
Thorium
Tin
Titanium
Tungsten
Uranium
Vanadium
Zinc
Zirconium

7.4E+04
8.9E+02
6.0E+01
3.0E+04
1.4E+03
1.3E+00
3.1E+02
1.4E+03

(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)

2.0E+05
2.9E+03
1.4E+02
4.7E+04
4.4E+03
1.0E+01
7.8E+02
2.0E+03

2.6E+03
5.0E+02
7.8E+00
3.8E+03
9.1E+01
4.3E-01
2.5E+01
8.4E+01

(8)
(8)
(8)
(8)
(8)
(7)
(8)
(8)

6.7E+03
2.7E+03
3.8E+01
8.2E+03
1.6E+02
2.1E+00
7.8E+01
3.4E+02

1.6E+04
5.0E+03

(8)
(8)

3.2E+04
1.2E+04

1.9E+03
1.4E+03

(8)
(8)

6.8E+03
8.1E+03

1.3E+00
8.3E+04
5.6E+00
1.2E+04
4.4E+02
1.0E+04

(4)
(8)
(8)
(8)
(8)
(8)

n/a
1.4E+05
5.2E+01
2.6E+04
9.5E+02
2.2E+04

8.4E+03
2.4E+00
1.0E+04
1.5E+02
1.3E+04

(8)
(8)
(8)
(8)
(8)

1.8E+04
1.3E+01
3.1E+04
2.7E+02
6.5E+04

1.5E-01
8.0E+00
1.9E+02
6.8E+04

(4)
(8)
(8)
(8)

n/a
1.8E+01
3.8E+02
1.5E+05

1.9E-01
3.1E-01
5.1E+01
3.8E+02

(7)
(8)
(8)
(8)

8.2E-01
1.7E+00
2.3E+02
1.6E+03

4.6E+00
1.2E+02
1.8E+04
1.8E+02

(8)
(8)
(8)
(8)

2.4E+01
3.6E+02
3.1E+04
7.8E+02

1.9E+00
6.9E+01
3.4E+03
7.1E+00

(8)
(8)
(8)
(8)

3.8E+00
5.8E+02
1.7E+04
1.2E+02
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Cl-Benzenes /
Cl-Phenols
Dioxins /
Furans
PAH
PCB

4.7E-01

(3)

n/a

1.3E+00

(3)

n/a

4.6E-02
1.9E-01
2.4E-02

(3)
(3)
(3)

n/a
n/a
n/a

1.5E-01
1.7E+01
2.7E-02

(3)
(3)
(3)

n/a
n/a
n/a

ALW Resin

Component
Ref. Inv.
2010

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Fluorine
Gadolinium
Iodine
Iron
Lead

(μg/g)
1.2E+01
3.4E-02
1.4E-01
2.6E+01
1.2E-01
1.9E-02
5.0E-01
5.0E+01
2.3E-01
2.1E+04
*
5.0E-02
1.1E-02
1.7E+03
1.1E+00
7.1E-01
6.4E+01

2.6E+01
8.9E+01
3.1E+00

ALW Sludge

(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)

Upper 95%
Confidence
Limit
(μg/g)
7.6E+01
1.5E-01
5.1E-01
1.4E+02
6.5E-01
1.1E-01
2.2E+00
7.7E+03
4.7E-01
6.0E+04

(4)
(8)
(8)
(8)
(8)
(8)

n/a
1.1E-01
3.3E+03
6.7E+00
1.1E+01
3.0E+02

(8)
(8)
(8)

5.0E+02
4.0E+02
3.5E+01

n
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(3)
(2)
(3)
(3)
(2)
(2)
(3)
(1)
(3)
(3)

Upper 95%
Confidence
Limit
(μg/g)
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

2.0E-02

(2)

n/a

2.8E-01
3.2E-02
1.2E+00

(3)
(3)
(3)

n/a
n/a
n/a

2.7E+01
7.5E-01

(3)
(3)

n/a
n/a

Ref. Inv.
2010
(μg/g)
2.4E+01
7.9E-02
2.0E-02
1.3E+01
2.0E-02
2.0E-02
8.9E+00
3.8E-02
2.9E+02
*

n
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Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Niobium
Nitrogen
Oxygen
Phosphorus
Potassium
Rubidium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulphur
Tellurium
Thallium
Thorium
Tin
Titanium
Tungsten
Uranium
Vanadium
Zinc
Zirconium

8.0E-01
2.2E+03
1.6E+01
1.2E-01
8.7E-01
1.5E+01

(8)
(8)
(8)
(8)
(8)
(8)

1.2E+01
6.4E+03
1.5E+02
2.0E+00
2.0E+01
1.9E+02

1.9E-01
7.3E+01
2.6E+00
2.0E-02
2.7E-02
2.4E+00

(3)
(3)
(3)
(2)
(3)
(2)

n/a
n/a
n/a
n/a
n/a
n/a

2.2E+04
*
3.3E+01
8.2E+01
9.6E-02

(4)

n/a

(8)
(8)
(4)

1.3E+02
5.2E+02
n/a

6.1E+00
6.5E+01

(3)
(3)

n/a
n/a

3.1E-01
2.5E+01
3.7E-01
5.3E+02
2.2E+02
5.4E+04

(8)
(8)
(8)
(8)
(8)
(8)

2.0E+00
1.0E+02
3.8E+00
1.0E+04
5.8E+02
1.0E+05

1.4E-01
6.3E+01
2.5E-02
6.1E+03
3.2E+00

(2)
(3)
(3)
(3)
(3)

n/a
n/a
n/a
n/a
n/a

1.5E-02
1.5E-02
2.4E-01
4.3E-02
4.3E-01
1.1E-01
1.1E-01
5.0E+01
1.6E-01

(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)
(8)

1.1E-01
1.1E-01
3.5E+00
5.2E+00
2.2E+00
1.3E+00
3.7E-01
3.9E+02
1.5E+02

2.0E-02
1.7E-02
6.6E-02
5.1E-01
2.0E-02
2.0E-02
2.0E-02
3.0E+01
9.5E-02

(2)
(2)
(3)
(3)
(3)
(3)
(3)
(3)
(3)

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Contaminant

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Fluorine
Gadolinium
Iodine
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel

CANDECON Resin A
Ref. Inv.
2010

n

(μg/g)
1.2E+01
5.9E-02
6.5E-01
2.7E-01
3.6E-01
1.7E+00
4.1E+01
1.0E-01
2.1E+00
1.1E+01
*

(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)

Upper 95%
Confidence
Limit
(μg/g)
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

1.0E-02
6.7E-01
8.8E+00
9.1E+00
6.9E+01

(2)
(2)
(2)
(2)
(2)

6.7E-02
2.5E-02
1.8E+04
4.3E+01
6.6E+00
5.3E+00
2.7E+02
4.2E-02
1.5E+00
2.2E+03

(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
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Misc IX Resin
Ref. Inv.
2010

n

(μg/g)
1.3E+02
2.7E-01
1.7E+00
1.4E+01
3.8E-01
2.1E-01
1.8E+02
1.6E-01
2.0E+00
2.8E+03
*

(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)

Upper 95%
Confidence
Limit
(μg/g)
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a

7.7E-02
6.6E+01
7.9E+00
2.3E+00
2.3E+03

(4)
(4)
(4)
(4)
(4)

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

6.1E+00
4.6E-02
1.4E+03
7.1E+01
1.4E+02
6.3E+02
5.6E+01
2.4E-02
2.8E+00
2.4E+02

(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Niobium
Nitrogen
*
*
Oxygen
*
*
Phosphorus
7.8E+01
(2)
n/a
2.1E+02
(4)
n/a
Potassium
1.3E+02
(2)
n/a
8.0E+02
(4)
n/a
Rubidium
Scandium
Selenium
3.4E-01
(2)
n/a
1.9E+00
(4)
n/a
Silicon
1.7E+01
(2)
n/a
7.9E+01
(4)
n/a
Silver
5.8E-02
(2)
n/a
1.6E-01
(4)
n/a
Sodium
8.9E+01
(2)
n/a
2.0E+03
(4)
n/a
Strontium
8.7E-02
(2)
n/a
2.3E+01
(4)
n/a
Sulphur
8.0E+04
(2)
n/a
3.1E+04
(4)
n/a
Tellurium
Thallium
4.7E-02
(2)
n/a
2.2E-02
(4)
n/a
Thorium
7.7E-01
(2)
n/a
7.3E-02
(4)
n/a
Tin
3.9E+00
(2)
n/a
1.0E+00
(4)
n/a
Titanium
1.1E+00
(2)
n/a
2.2E+01
(4)
n/a
Tungsten
7.4E-02
(2)
n/a
1.3E+00
(4)
n/a
Uranium
1.1E+01
(2)
n/a
1.2E+00
(4)
n/a
Vanadium
2.9E-02
(2)
n/a
1.4E+00
(4)
n/a
Zinc
3.5E+01
(2)
n/a
1.1E+03
(4)
n/a
Zirconium
3.3E-02
(2)
n/a
5.5E-01
(4)
n/a
Nitrate ion
5.2E-01
(2)
n/a
2.4E+01
(1)
n/a
EDTA
*
B
A
The CANDECON resin composition was calculated considering a ratio of 244/75 between the
volumes of cation and mixed bed CANDECON resins.
B
Estimated based on amount of reagent used and CANDECON resin bed volumes.
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Contaminant

PHT IX Resin
Ref. Inv.
2010

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Fluorine
Gadolinium
Iodine
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel

(μg/g)
7.3E+01
4.9E-01
5.2E+00
7.9E+01
1.2E+01
5.1E-01
2.5E+01
7.1E-02
9.1E+01
*

Moderator IX Resin

(26)
(25)
(24)
(24)
(25)
(24)
(25)

Upper 95%
Confidence
Limit
(μg/g)
2.1E+02
5.8E-01
1.7E+01
1.8E+02
5.0E+01
5.9E-01
1.1E+02

(24)
(25)

1.5E-01
2.7E+02

n

Ref. Inv.
2010
(μg/g)
5.9E+00
4.3E-01
2.8E-01
5.9E+00
5.0E-01 A
5.0E-01 A
4.2E+02
7.1E+00
6.8E+01
*

(17)
(18)
(15)
(15)
(15)
(15)
(20)

Upper 95%
Confidence
Limit
(μg/g)
2.3E+02
1.1E+00
4.9E+00
1.8E+01
5.0E-01
5.0E-01
4.3E+03

(15)
(15)

1.8E+01
4.4E+02

(15)
(3)
(20)
(20)
(17)
(1)
(19)

5.0E-02
n/a
1.0E+02
1.3E+01
1.1E+04
n/a
1.4E+04

(20)
(15)
(17)
(15)
(20)
(15)
(15)
(19)

3.5E+03
6.7E+02
2.9E+03
3.0E+01
5.3E+01
1.8E-01
3.7E+00
1.6E+04

n

B

5.6E-02
2.3E+02
1.6E+01
1.5E-01
1.4E+01

(24)
(2)
(28)
(28)
(27)

9.8E-02
n/a
7.4E+02
1.2E+01
2.2E+02

6.2E+02

(1)

n/a

5.0E-02 A
6.2E+02
1.3E+01
6.1E-01
4.5E+02
8.2E+01
2.7E+03

3.5E+02
6.8E+00
3.3E+03
2.1E+01
5.6E+01
6.8E-02
2.4E+01
6.6E+00

(28)
(24)
(26)
(28)
(24)
(24)
(24)
(28)

4.0E+03
2.4E+01
7.2E+03
1.1E+02
2.3E+02
6.5E-01
5.6E+01
8.5E+02

4.8E+02
5.6E+01
2.4E+02
8.3E+00
1.5E+01
3.8E-02
1.6E+00
2.8E+03
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Niobium
Nitrogen
*
*
Oxygen
*
*
Phosphorus
1.0E+02
(24)
8.3E+02
1.6E+02
(16)
6.6E+02
Potassium
1.0E+02
(25)
1.7E+02
2.2E+01
(16)
4.0E+02
Rubidium
Scandium
3.4E-02
(1)
n/a
Selenium
5.0E-01 A
(24)
5.0E-01
5.0E-01 A
(15)
5.0E-01
Silicon
1.1E+02
(24)
5.8E+02
1.5E+01
(15)
1.3E+02
Silver
1.1E-01
(24)
6.1E-01
2.8E-01
(15)
8.2E-01
Sodium
2.0E+02
(28)
4.0E+02
8.2E+01
(20)
9.8E+02
Strontium
1.0E+00
(24)
2.5E+00
3.3E-01
(15)
1.5E+00
Sulphur
3.3E+04
(24)
3.8E+04
3.1E+04
(16)
3.3E+04
Tellurium
Thallium
5.0E-02 A
(24)
5.0E-02
5.0E-02 A
(15)
5.0E-02
A
Thorium
5.0E-02
(24)
5.0E-02
5.0E-02 A
(15)
5.0E-02
Tin
3.3E+00
(24)
1.4E+01
1.0E+00
(15)
3.0E+01
Titanium
4.3E-01
(24)
9.5E-01
1.1E-01
(15)
2.6E-01
Tungsten
5.0E+00
(25)
2.7E+01
9.7E-02
(16)
5.8E-01
Uranium
1.1E+00
(27)
5.4E+01
5.6E-02
(16)
2.0E-01
Vanadium
1.4E+00
(25)
4.8E+00
5.0E-02
(15)
5.2E-02
Zinc
3.8E+01
(28)
1.2E+02
2.5E+02
(19)
5.3E+03
Zirconium
1.1E-01
(21)
2.4E-01
1.4E-01
(15)
6.1E-01
Nitrate ion
3.8E+02
(1)
n/a
A
Detection limit.
B
The Reference Inventory Report (OPG 2010) incorrectly reported an inventory of Cerium.
Chemical Composition for Compacted Bales/Boxes, and Non-Processible Waste:
- Composition estimated from 2 surveys (2000 and 2006, compacted bales/boxes) and 3 surveys (1988, 1998 and 2006, nonprocessibles), supplemented with information on element composition of ash.
Chemical Composition for Filter Elements, Feeders, Heat Exchangers, Steam Generator, and Irradiated Core Components:
- Composition estimated from physical composition and mass of primary components.
Chemical Composition for Pressure Tubes, End Fittings, Calandria Tubes, and Calandria Tube Inserts:
- These are defined materials, and compositions are determined from material specifications.
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EIS-08-385

 EIS Guidelines:
Section 13.4
 CNSC Regulatory
Guide G-320

Information Request:
Assess the dose effects from a vertical fault located 500 metres, 100 metres, 50 metres and 10 metres distance (or any
distances in-between) to the north-west of the DGR. Conduct the assessments without horizontal hydraulic gradients
added in the intermediate groundwater zone, i.e., without changing other assumptions of the normal evolution scenario.
Justify the assumption that the hypothetical fault would extend into the permeable Guelph Formation and describe the
degree of conservatism it encompasses.
Context:
The response provided to EIS 02-36 does not permit an understanding of the sensitivity of the system.
By adding those horizontal gradients, one might underestimate the possible effect of an unidentified fault on well water
(its contribution to dose) and the sensitivity of the system.
The hypothetical fault was assumed to extend into the permeable Guelph Formation, which is stated to be a conservative
consumption.
OPG Response:
The results from a number of simulations of hypothetical vertical fault cases are summarized in this Information Request
response, to understand the sensitivity of the system. New cases that were analyzed include: vertical faults located
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immediately north of the repository, no-flow boundary conditions on the model sides, and short faults terminating at the
Collingwood Formation.
Specifically, results are presented below for cases with faults on the north side of the repository (trending northwest to
southeast), and orthogonal to the previous faults - one at 10 m from the repository and one at 50 m. Vertical faults at
100 m or 500 m would have less of an effect than the 50-m fault considered here. The cases analyzed include a base
case with the assumed reference fault from the Cambrian to the permeable Guelph Formation, a variant case with the
fault extending from the Cambrian only to the top of the Collingwood Formation, and a variant case with no flow at the
model side boundaries including in particular the Guelph Formation. In addition, further analysis of the east fault case
(10 m distant) was conducted; the conclusions are included here but not the detailed model results.
Figure 1 summarizes the various fault locations considered previously in the Preliminary Safety Report (OPG 2011,
Section 8.7.4), in the previous OPG response to Information Request (IR) EIS-02-36 (OPG 2012), and in the present IR
response. The fault locations added in this response are designated as VF-AL3 and VF-AL4; i.e., Alternative Location 3
(10 m from repository) and Alternative Location 4 (50 m from repository).
The general approach to modeling a vertical fault is presented in the Preliminary Safety Report (OPG 2011,
Section 8.7.4) and in the supporting detailed postclosure modeling reports especially GEOFIRMA (2011, Sections 6.6
and 6.7). The vertical faults added in this response are modeled in the same manner, just in a different location. The
-8
fault is assigned a width of 1 m and a hydraulic conductivity of 10 m/s. The models are initialized at current hydraulic
head conditions, including a pressurized Cambrian Formation lower boundary and the measured underpressure within
the Ordovician Formations. The analysis used a constant freshwater density.
To assess radionuclide transport with the vertical faults, the repository was assumed to be instantly saturated, and the
entire initial inventory of Cl-36 was assumed released and dissolved in this water. Cl-36 was used as the reference
radionuclide since it is long-lived, soluble and mobile (non-sorbing) in groundwater. Although not as long-lived as I-129,
Cl-36 is a useful reference radionuclide for groundwater transport on a 1 million year timeframe since it is initially present
in the DGR in much larger amounts than I-129 (OPG 2011, Table 5-8). The results are presented as follows:




Fault at 10 m distance
Fault at 50 m distance
Discussion.
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Figure 1: Location of Assumed Vertical Faults Relative to Repository Footprint. Also Shown are the Locations
of Boreholes and Seismic Lines Used to Characterize the Site.
Fault at 10 m (VF-AL3)
Three cases are analyzed:


Base case (VF-AL3) - The fault extends to the Guelph Formation, and water can move laterally out from the
Guelph Formation.
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Short fault case (VF-AL3-SF) - Identical to VF-AL3, except the fault is terminated at the top of the Collingwood
Formation.
No flow case (VF-AL3-NF) - Identical to VF-AL3, except the side boundaries of the model are set to no flow so
no water can move laterally out of the model domain. In the base case model, all side boundaries are no-flow
except where the Guelph Formation is present.

Figure 2 shows the hydraulic head profile at 1 Ma for the base case with a vertical fault at 10 m along the north side of
the repository. Figure 2 shows a dissipation of the initial underpressures in the vicinity of the fault. It also shows that the
repository pressurizes to levels similar to the Cambrian Formation. There is also a steady flow of water from the
Cambrian Formation up through the fault and into the Guelph Formation of 46 m3/a over a 500 m section of fault parallel
to the repository.
Figure 3 shows the corresponding mass transport of Cl-36. Figure 3 shows that there is early Cl-36 movement up the
fault and then laterally with the water flow along the Guelph.
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Figure 2: VF-AL3 (10-m Distant Fault Base Case). Hydraulic Head Profile at 1 Million Years in a Vertical
Cross-section Through Repository.
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Figure 3: VF-AL3 (10-m Distant Base Case). Cl-36 Concentration in a Vertical Slice at 50,000 years,
100,000 years, 500,000 years and 1,000,000 years.
Figures 4 and 5 show the same results but with a short fault (VF-AL3-SF). Figure 4 shows that the fault causes the
repository to pressurize to levels similar to the Cambrian Formation. However there is no flow direct through the
geosphere to the Guelph Formation as this short fault does not provide a transmissive vertical pathway.
Figure 5 shows that there is increased Cl-36 movement up the shaft due to the pressurization of the repository but the
peak concentration in the Guelph is less than for the VF-AL3 case. Contaminant concentrations are discussed further
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below.

Figure 4: VF-AL3-SF (10-m Distant, Short Fault). Hydraulic Head Profile at 1 Million Years in a Vertical
Cross-section Through Repository.
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Figure 5: VF-AL3-SF (10-m Distant, Short Fault). Cl-36 Concentration in a Vertical Slice at 50,000 years,
100,000 years, 500,000 years and 1,000,000 years.
Figures 6 and 7 show the results for the extended fault into the Guelph but with no-flow boundaries on the Guelph
Formation (VF-AL3-NF). Figure 6 shows that both the repository and the upper rock formations are pressurized by their
hydraulic connection to the Cambrian Formation and the inability of groundwater to flow laterally out from the system.
There is a steady flow of water from the Cambrian Formation up through the fault and into the Guelph Formation of
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1.5 m3/a over a 500 m section of fault parallel to the repository.
Figure 7 shows the corresponding mass transport of Cl-36. In this case, there is an initial flow of Cl-36 into the Guelph
Formation until the latter becomes pressurized. Subsequently, the Cl-36 effectively resides in the Guelph, confined by
the low permeability Silurian aquitards above and below and the assumed no-flow side boundary conditions. The
pressurized Guelph Formation causes Cl-36 to migrate toward and vertically up the sealed DGR shafts, eventually
discharging into the shallow groundwater system (see discussion later).

Figure 6: VF-AL3-NF (10-m Distant Fault, No-flow Boundaries). Hydraulic Head Profile at 1 Million Years in a
Vertical Cross-section Through Repository.
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Figure 7: VF-AL3-NF (10-m Distant Fault, No-flow Boundaries). Cl-36 Concentration in a Vertical Slice at
50,000 years, 100,000 years, 500,000 years and 1,000,000 years.
Fault at 50-m (VF-AL4)
Three cases are analyzed:


Base case (VF-AL4) - The fault extends to the Guelph Formation, and water can move laterally out from the
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Guelph Formation.
Short fault case (VF-AL4-SF) - Identical to VF-AL4, except the fault is terminated at the top of the
Collingwood Formation.
No flow case (VF-AL4-NF) - Identical to VF-AL4, except the side boundaries of the model are set to no flow so
no water can move laterally out of the model domain.

Figure 8 shows the predicted hydraulic head profile at 1 Ma for the base case with a vertical fault at 50 m along the north
side of the repository. Figure 8 shows that there is much less interaction between the fault and the repository than in VFAL3 case, with the repository at around hydrostatic pressure. There is a steady flow of water from the Cambrian
Formation up through the fault and into the Guelph Formation of 47 m3/a over a 500 m section of fault parallel to the
repository.
Figure 9 shows that the Cl-36 diffusive plume reaches the fault at the repository horizon. It is then transported vertically
up into and then laterally along the Guelph.
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Figure 8: VF-AL4 (50-m Distant Fault Base Case). Hydraulic Head Profile at 1 Million Years in a Vertical
Cross-section Through Repository.
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Figure 9: VF-AL4 (50-m Distant Fault Base Case). Cl-36 Concentration in a Vertical Slice at 50,000 years,
100,000 years, 500,000 years and 1,000,000 years.
Figures 10 and 11 show the same results but with a short fault (VF-AL4-SF). As with the VF-AL4 base case, Figure 10
shows that the fault is sufficiently far from the repository that there is less interaction. Cl-36 transport is largely through
the shaft, and is shown in Figure 11.
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Figure 10: VF-AL4-SF (50-m Distant Short Fault). Hydraulic Head Profile at 1 Million Years in a Vertical Crosssection Through Repository.
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Figure 11: VF-AL4-SF (50-m Distant Short Fault). Cl-36 Concentration in a Vertical Slice at 50,000 years,
100,000 years, 500,000 years and 1,000,000 years. (Cross-section does not include fault as it is not a significant
pathway in this case.)
Figures 12 and 13 show the results for the extended fault into the Guelph but with no-flow boundaries on the Guelph
Formation (VF-AL4-NF). As with the closer fault case (VF-AL3-NF), the upper rock formations are pressurized by their
hydraulic connection to the Cambrian Formation and the inability of groundwater to flow laterally out from the system.
However, the 50-m distance is sufficient that the repository does not fully pressurize on this time scale, and there is less
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mass transport of Cl-36 to the Guelph Formation.

Figure 12: VF-AL4-NF (50-m Distant Fault, No-flow Boundaries). Hydraulic Head Profile at 1 Million Years in a
Vertical Cross-section Through Repository.
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Figure 13: VF-AL4-NF (50-m Distant Fault, No-flow Boundaries). Cl-36 Concentration in a Vertical Slice at
50,000 years, 100,000 years, 500,000 years and 1,000,000 years.
Discussion
Numerical ‘what if’ simulations were performed to illustrate the influence of an undetected hypothetical transmissive
(hydraulic conductivity of 10-8 m/s) vertical fault(s) on DGR long-term performance. These analyses complement those
previously described in the Preliminary Safety Report (OPG 2011).

1268

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Additional hypothetical vertical fault cases were evaluated in response to IR EIS-02-36 (OPG 2012) and the present IR
EIS-08-385. These include cases where the fault was moved closer to the repository (VF-AL1 and VF-AL2) and the fault
orientation relative to the repository was changed (VF-AL3 and VF-AL4). Cases were evaluated where the transmissive
vertical fault terminated below the Ordovician shale cap rock in the Collingwood Formation (VF-AL2-SF, VF-AL3-SF, VFAL4-SF), and where the model side boundary conditions were modified to be no-flow (VF-AL2-NF, VF-AL3-NF, VF-AL3NF). This latter variant, although consistent with the NE-RC model boundary condition, is inconsistent with the physical
system as it artificially prevents groundwater from leaving the model domain, in particular through the permeable nearhorizontally layered confined Guelph aquifer.
Mass transport was assessed using the long-lived and mobile radionuclide Cl-36 as a reference. These cases focus on
groundwater transport, and assume an instantly saturated repository with no gas generation. These results for Cl-36
provide a relative indication of the extent and magnitude of mass transport for the various cases.
The vertical mass flux of Cl-36 from all the base case Vertical Fault analyses are summarized in Figure 14. The fault is
assumed to extend vertically into the Guelph Formation. This figure shows the vertical flux at the Salina F level, so
these represent the total mass flux through the rock and the shafts into the shallow groundwater system above the
repository. These results can be compared with similar Cl-36 mass flux curves for the normal evolution and disruptive
scenarios in GEOFIRMA (2011, Figures 7.2 and 7.3).

Figure 14: Salina F Vertical Mass Flow of Cl-36 for Vertical Faults at Varying Distances and Orientation Relative
to Repository. Fault Extends from Cambrian to Guelph Formation.
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Figure 14 (and earlier figures above) shows that the distance of the fault from the repository affects the vertical transport
of radionuclides. If the fault is very close, i.e., 10 m (VF-AL2 and VF-AL3), then the repository Excavation Damage Zone
(EDZ) provides a higher permeability connection between the fault and repository, with the result that the repository
rapidly pressurizes, and there is increased radionuclide transport through both the shafts and the fault. As fault distance
increases for any orientation, the impact of the fault decreases.
The orientation of the fault relative to the repository has two main impacts. First is the amount of contact between the
fault and repository; there is more contact for the north fault than an east fault, which results in more radionuclide
transport into the fault. Second, the fault orientation also affects whether radionuclides released from the fault would
intercept the shafts, since flow from the fault would be essentially divergent from line of intersection of the fault with the
Guelph Formation. In the case of the east fault (VF-AL, -AL1, -AL2), radionuclide-bearing flow from the fault is
intercepted by the islanded DGR shafts while for the north fault (VF-AL3 and -AL4), this flow does not directly impinge on
the shafts. In the latter case, radionuclides released via the fault only reach the shafts by lateral dispersion and diffusion.
Which of these impacts (i.e., the amount of contact between the fault and repository, or the interception of radionuclidebearing flow from the fault) dominates the release pathway depends on the specific case.
Vertical mass transport results specifically for a north fault with no flow boundaries are shown in Figure 15. In this case,
there is an initial flow of water into the Guelph Formation until the formation becomes pressurized. Subsequently flow is
limited to that vertically upwards through the rock and shaft seals/EDZ to the shallow groundwater system. Most
radionuclides carried into the Guelph Formation effectively stay there. The pressurized Guelph Formation causes higher
mass transport through the shafts/EDZ above the Guelph and into the shallow groundwater system by about one or two
orders of magnitude.
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Figure 15: Salina F Vertical Mass Flow of Cl-36 for North Vertical Fault. Results are Shown for Base Case and
No Flow (Guelph) Boundary Conditions.
Vertical mass transport results for a short fault are shown in Figure 16, and compared to the base case with a fault
connecting the Cambrian to the Guelph Formation. In one case, there is higher peak transport with a short fault, while in
the other two cases there is less transport, with the relative impact changing as a function of time. (Note that these
cases only consider close faults at 10 to 50 m distant from repository.)
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Figure 16: Salina F Vertical Mass Flow of Cl-36, Showing Effect of Vertical Fault Extent. Results are Shown for
Base Case (Fault Extends to Guelph) and Short Fault (Fault Extends to Collingwood).
Summary
Site characterization data (INTERA 2011) and geosynthesis assessments presented in NWMO (2011) indicate that there
are multiple lines of reasoning to suggest that there are no transmissive faults extending from the Cambrian into the
Guelph Formation near the DGR site. This evidence is overwhelming within the DGR footprint where, for example,
measured heads in the Guelph Formation show no indication of the pressurization that would be expected if such a fault
was present. However, as a “what if” scenario, the influence of a hypothetical transmissive vertical fault at various
positions has been assessed in the Preliminary Safety Report (OPG 2011) and in response to IR-EIS-02-36 (OPG 2012).
The results from a number of simulations of vertical fault cases were summarized in this IR response, to understand the
sensitivity of the system. New cases that were analyzed include: i) a vertical fault located north of repository; ii) no-flow
side boundary conditions: and iii) a short fault terminating at the Collingwood Formation beneath the Ordovician age
shale cap rocks.
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Although the details are important, the general trends are as follows:





The effect of a vertical fault on contaminant transport from the repository increases as the fault gets close, with
strong enhancement when the fault is within 10 m of the repository.
A fault on the repository’s east side generally leads to higher transport to the shallow groundwater system due to
the contaminant plume in the Guelph intersecting the DGR shafts.
Unrealistic no-flow boundary conditions imposed on the confined Guelph aquifer lead to a one or two order of
magnitude increase in mass transport into the shallow groundwater system.
The peak impacts from a shorter fault may be somewhat higher or lower than a fault extending to the Guelph
Formation.

Dose rates were not directly assessed for the new cases, but a consistent use of Cl-36 as a groundwater transport
marker radionuclide provides a relative indication of potential impacts. The dose impacts for a fault within 10 m of the
repository are expected to be similar to or bounded by those for shaft seal failure or human intrusion. Faults beyond
about 50 m are expected to have virtually no dose impact. For comparison, the case VF-AL (100 m east fault) had an
estimated peak dose impact to a person living above the repository of 5x10-10 mSv/a (OPG 2011, Section 8.7.4.3).
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001-R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Response to Information Request (IR) No. EIS-02-36”, CD# 00216-CORR-00531-00120, June 28, 2012.
(CEAA Registry Doc# 581)
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Information Request:
a) Clarify to which extent the Base Case groundwater table contours are based on actual measurements (baseline
data) as opposed to modeling results.
b) Provide a graphic as well as a quantitative evaluation of how the simulated groundwater table honours the
available well data.
c) Explain how seasonality of the groundwater table is incorporated into the simulated groundwater table and
subsequent analyses.
d) Modeling results are provided for a base case (present day, no WRMA) and for the completed WRMA. However,
the waste rock pile will grow progressively during the construction period and will be subject to continuous
infiltration. Explain how the modeling of two end members provides a predictable, reliable and defensible
analysis of the effect on the shallow groundwater recharge.
e) Explain how the layout and dimensions of the waste rock piles and the stormwater management pond are
incorporated into the model.
f)

Provide the methodology and estimates used to determine the amount of subsurface interflow, as well as the
depth range over which it is assumed to occur.

g) The title of Figure 2 explains that the arrows on the boundaries indicate increase or decrease in prescribed
heads, but arrows don’t appear to match the prescribed head increases or decreases. Clarify.
h) Table 6 (Base case water balance analysis for the waste rock pile) shows that the annual Recharge to
Limestone is 0.36 mm. The bottom line on p.6 states that the HELP3 modeled base case recharge rate (no
waste rock pile) is 3.31mm/year to the bedrock surface. Provide a plain language explanation why the presence
of the waste rock pile would reduce recharge rates to the limestone aquifer by an order of magnitude.
i)

Justify the application of the meteorological data from Waterloo to the DGR site. More than a decade of data are
available since 1999. Explain why this more current data has not been used.

j)

On page 7 it is stated that “The precipitation data (1999) that were used for the HELP3 water balance analysis”
are plotted in Fig.6. Clarify whether the data is from the Waterloo dataset or DGR site, and why only one year of
precipitation data was provided. Quantitatively assess the uncertainties of the climatic data and their implications
on the modeling results.

k) Calculate how much infiltrated water and COPCs would move into the shallow and intermediate groundwater
flow system.
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l)

Provide an assessment of the effects of climate change on the modeled recharge rates. The assessment should
use conservative assumptions and cover the construction period of the DGR.

m) The hydraulic conductivities used to model the Quaternary deposits under the WRMA (Table 1) are those
previously used for shaft drainage simulations (Table 2). Provide the source of these values and a qualified basis
for their confident extrapolation to the area covered by the WRMA.
Context:
The proponent needs to address additional concerns related to the application of the MODFLOW and HELP models to
the shallow groundwater regime beneath the waste rock piles and the stormwater management pond. (DGR-TM-03400
(P))
Both the shallow groundwater flow patterns and groundwater water quality require further clarification.
In the literature major concerns have been raised about the limitations of the HELP model which uses the WSWB
method. For example Parsons (1995) noted that “The application of the Waste Site Water Balance (WSWB) method to
predict leachate generation is not only widespread in South Africa, but also throughout the world. The results obtained
using the WSWB method are, however, not compatible with knowledge concerning groundwater recharge.”
Parsons (1995) noted that “Evapotranspiration is recognized in the literature as the single biggest component of water
loss from a waste pile. A small change in the evapotranspiration value used can have a significant impact on the final
estimate of leachate generated. This high sensitivity, coupled with the inability to obtain an accurate estimate of the
volume of water lost through evapotranspiration, is in itself a major limitation"
Nolting et al (1995) found that: “even in humid climates longer periods without rainfall occur, thus reducing the
exhaustible water store of the waste surface. In this case, the potential evaporation values exceed the available soil
water resources and do not reflect the real evaporation from the landfill surface".
The HELP model demands very detailed climate data. OPG uses only one year (1999) of daily precipitation at the DGR
site, which is the minimum requirement of precipitation data. OPG does not provide all of the climate data and other data
used in the simulation.
In Section 5.2 it is indicated that meteorological data for the 40 year period from 1960 to 1999 for Waterloo Ontario were
used for this study. Waterloo is located over 100 km from the DGR site, the climate of which is strongly influenced by
Lake Huron. There is no discussion of the applicability of the meteorological data from Waterloo to the DGR site.
OPG Response:
The purpose of the shallow groundwater numerical simulations described by Sykes (2012a) was focused on assessing
the influence of the Storm Water Management Pond (SWMP) and the Waste Rock Management Area (WRMA) on the
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elevation of the groundwater table and local groundwater flow regime. This was consistent with the request in
Information Request EIS-03-57. The approach adopted for the assessment was intent on ensuring consistency with
historical geologic, geotechnical and hydrogeologic investigations and modelling performed of the DGR project area and
surrounding vicinity. The reports contributing to this understanding are referenced in Sykes (2012a, Section 2.1). For
the purpose of estimating potential future hydraulic impacts arising from the SWMP and WRMA, the numerical codes
HELP3 (Schroeder et al. 1994) and MODFLOW (Harbaugh et al. 2000) were applied to estimate surface water balances
and groundwater flow patterns within the near surface groundwater system. Additional simulations were performed to
bound groundwater system response by i) deliberately increasing recharge rates beneath the SWMP and WRMA beyond
realistic values possible given their design; and ii) decreasing the hydraulic conductivity of the confined shallow bedrock
aquifer to induce a hydraulic perturbation (Sykes 2012a, Section 4). A key finding of the assessment was that the dense
low hydraulic conductivity (10-9 m/s) glacial till governs the rate of recharge beneath the DGR project area. As a
consequence, recharge rates through the WRMA to the underlying confined carbonate aquifer (Lucas Formation;
hydraulic conductivity 10-5 to 10-6 m/s) are sufficiently low as not to materially alter hydraulic head distributions or
groundwater flow patterns. Groundwater velocities vertically downward through the glacial till are estimated to be cm/a
with the water table maintained at or near ground surface to sustain high downward hydraulic gradients (0.06 to
0.7 m/m). The shallow groundwater monitoring program commissioned in summer 2012 will provide baseline and future
operational data sets to verify this assessment.
With the above as context, responses to the a) through m) information requests are provided below.
a) As described in Sykes (2012b, Section 2.1), the numerical groundwater simulations are based on historical
modelling studies that were calibrated to observed hydraulic head conditions. In Sykes (2012b), Figure 4
presents a plot of the base-case potentiometric surface at the top of the Lucas Formation on which the glacial till
rests. Similarly, an east-west section through the model domain and center of the WRMA, illustrating the model
predicted vertical hydraulic head distributions, is shown in Figure 5.
b) As described in Sykes (2012b), the basis of the conceptual model for the investigation of the impact of the
WRMA and SWMP on the near surface groundwater system is the conceptual model of the study area initially
developed by Jensen (1995a), and then revised by Jensen (1995b), Jensen (1996), Sykes (1999), CH2MHill
(2010) and Sykes (2012a). The conceptual and groundwater flow model used by Sykes (2012a) is based on
CH2MHill (2010) that was not revised for the current study. Calibration of the CH2MHill (2010) groundwater flow
model was performed using PEST, which provided a reasonable match to observed groundwater heads. In lieu
of a graphic, the goodness of fit to observed conditions is reflected in the statistics for the calibrated flow model
to the MW series wells (8) and WSH series wells (16) hydraulic head data set. The calibration statistics yielded
a residual mean -0.01 feet, absolute residual mean 0.79 feet, residual standard deviation 1.12 feet, residual
2
sum-of-squares 30.25 ft , minimum residual -3.72 feet, maximum residual 1.98 feet, head range 16.12 feet and a
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correlation coefficient of 0.99.
c) A key finding of the Sykes (2012b) study is that the dense glacial till underlying the DGR project area governs
the amount of surface recharge to the confined permeable carbonate aquifer. Only minor amounts of recharge
are required to maintain the water table at the surface of the till. The impact of the seasonally varying
meteorological processes such as precipitation, runoff and evapotranspiration is reduced considerably by the low
permeability of the till. The use of extreme recharge boundary conditions used in the study design (increased by
a factor of 8 and 80) is conservative as compared to the seasonally varying recharge change that would occur in
a transient analysis (Sykes 2012b, Figures 8 and 9).
d) As part of the Sykes (2012b) study, sensitivity calculations were performed to illustrate the influence of
uncertainty of the estimated surface recharge rates. As part of these analyses, significantly higher recharge
rates were assumed leading to predicted surface heads exceeding the height of the final graded WRMA. The
results indicated no material impact on the potentiometric surface within the confined bedrock aquifer beneath
the DGR project area.
e) Beneath and in the vicinity of the WRMA and SWMP, the grid blocks of the Sykes (2012a) and the identical
model used for the Sykes (2012b) study are 3.05 m in the easterly direction and either 3.05 or 15.24 m in the
northerly direction. The model layout for both the WRMA and the SWMP are explicitly represented by the
boundaries for those facilities as shown in Figure 1 of the report.
f)

MODFLOW provides an analysis of saturated groundwater flow. The top of the spatial domain is the water table
that occurs within the surficial glacial till. Beneath this boundary, mass conservation ensures the correct
estimation of groundwater flow (interflow) between model layers. While a drainage layer at the base of the
WRMA was modelled using HELP3, the only result of that analysis used in the MODFLOW simulations was the
average annual recharge. In the sensitivity analyses, extreme perturbations of the recharge were investigated.
A conclusion of the analyses is that the extreme recharge rates did not result in a measurable change in the
potentiometric surface for the Lucas limestone from that estimated for the base-case analysis.

g) The arrows on the boundary of Figure 2 (Sykes 2012b) indicate that heads change linearly between indicated
nodes. On the southern boundary, for example, the prescribed heads for model layer 6 and deeper vary linearly
from the node marked 176.78 m to the node with a head of 182.12 m. The remaining portions of the southern
boundary are assigned a zero flux boundary condition. The other boundaries are interpreted similarly.
h) As described in Sykes (2012b, Section 5.2.2) the primary reason for the decrease in estimated surface recharge
beneath the WRMA compared with current state is the grading and drainage layer at the base of the WRMA. As
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described in Sykes (2012b, Section 5.2.2) the slope of the graded glacial till surface beneath the WRMA leads to
the predicted decrease in the recharge rates.
i)

The results of the Sykes (2012b) study reveal that the low hydraulic conductivity of the glacial till underlying the
DGR Project Area governs rates of surface recharge to mm/a. Such low recharge rates are insensitive to
temporal and spatial variability in meteorological data within the region, as precipitation exceeds recharge by
orders of magnitude. In this unique situation the application of the 1999 Waterloo data set for the purpose of
illustrative HELP3 modelling was considered justified. The sensitivity simulations performed by Sykes (2012b;
Sections 5.4.1 and 5.4.2) provide reasoned bounding calculations that reflect this outcome. The study design
purposefully included the simulation of extreme recharge values to offset the impact of uncertainty in the
meteorological and shallow hydrologic processes such as runoff and evapotranspiration.

j)

The data plotted in Figure 6 of Sykes (2012b) are for the Waterloo meteorological dataset that was used in the
HELP3 simulations. As described in i) above, the sensitivity analyses examined ‘what if’ or bounding case for
assumed surface recharge. These analyses indicate that quantitative uncertainties in the climatic data are
diminished as only a finite amount of recharge (mm/year) can infiltrate through the glacial till aquitard. This
volume is far less than precipitation available such that the water table in the low permeability sediments remains
near or at ground surface. The study design conclusion is that for the bounding recharge rates, the WRMA and
SWMP will not result in a measurable perturbation of the potentiometric surface in the underlying confined
carbonate aquifer (Lucas Formation) as compared to the case without the rock pile. The insensitivity of
predicted recharge rates through the glacial till to climatic change, as described above, did not warrant a further
quantitative assessment beyond that described in Sykes (2012a).

k) Based on the hydrostratigraphy described in the Geosynthesis (NWMO 2011, Section 5.4.1), surface recharge
and potential Contaminant of Potential Concern (COPC) migration beneath the WRMA and the SWTP would
only influence the shallow groundwater system. Based on MODFLOW analyses (Sykes 2012a, 2012b) for the
base-case and three sensitivity cases simulated, strong vertically downward gradients (~0.7 m/m) exist within
the glacial till aquitard. Downward advective groundwater velocities are estimated to be approximately 0.02 m/a.
Discharge from the glacial till enters the confined shallow bedrock aquifer and then flows horizontally toward the
northwest and a point of shallow shoreline discharge at Lake Huron. Horizontal groundwater flow in the confined
bedrock aquifer is consistent with hydraulic head distributions shown in Sykes et al. (2011) Figures 4 and 5.
Groundwater velocities within the bedrock aquifer are estimated to be 17 to 22 m/a. Based on the
hydrostratigraphy beneath the project area, assuming a conservative glacial till thickness of 8 m, several
hundred years would be required for potential COPCs to migrate vertically through the glacial till to the
underlying bedrock aquifer. Upon discharge into the confined bedrock aquifer, dilution would occur at the glacial
till–bedrock interface. Model results indicate that this dilution rate would exceed the factor of 10 assumed by
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GOLDER (2011, Section 7.2.1.4). In addition to the mitigating influence of dispersion and matrix diffusion, the
dilution alone strongly indicates that potential COPC migration beneath the WRMA and SWTP will not result in
measureable groundwater quality impacts. The routine quarterly shallow groundwater monitoring program
implemented in summer 2012 for the DGR project area will provide baseline groundwater quality data with which
to confirm this assessment during facility operation.
l)

As described in i) and j) above, the analyses provide bounding estimates of recharge thought the glacial till
aquitard. It is evident from the analyses that only a finite amount of recharge, on the order of mm/a, can infiltrate
vertically through the glacial till into the underlying Lucas Formation. No material impact is predicted on the
potentiometric surface or groundwater flow patterns in the underlying confined carbonate aquifer by changes in
the recharge through the till. This assessment of variable recharge rates provides evidence that uncertainties
associated with regional meteorological data will not materially influence the behaviour of the shallow
groundwater system beneath the WRMA.

m) The influence or sensitivity of climate change on predicted recharge rates through the glacial till is discussed in i)
and j) above. The hydraulic conductivities assumed by Sykes (2012b) are consistent with those used historically
in hydrogeologic studies on the Bruce nuclear site. References documenting these properties are listed in Sykes
(2012a) and Sykes (2012b). These reports that include Jensen and Heystee (1989), Jensen (1995a), Jensen
(1995b) and Jensen (1996) provide the qualified basis for extrapolation of the hydrostratigraphy into the DGR
project area. The hydraulic conductivities assigned to the hydrostratigraphic units as derived from various
historical geotechnical studies are summarized by Jensen (1995a).
References:
CH2MHill Inc. 2010. OPG Western Waste Management Facility – WSH-231 Tritium Investigation. OPG report 0125REP-79100-00029. Toronto, Canada.
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto. Canada. (CEAA Registry Doc# 299)
Harbaugh A.W., E.R. Banta, M.C. Hill and M.G. McDonald. 2000. Modflow-2000, The U.S. Geological Survey Modular
Ground-Water Model—User Guide to Modularization Concepts and the Ground-Water Flow Process U.S. Geological
Survey, Open-File Report 00-92, Reston, Virginia.
Jensen, M.R. 1995a. BNPD RWO Site 2: Numerical Groundwater Flow System Analysis. NK37-03480-94012 (UFMED)
R01. Toronto, Canada.
Jensen, M.R. 1995b. BNPD RWO Site 2: Hydrogeological Investigation and Numerical Groundwater Flow System
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Analysis. NK37-03480-94014 (UFMED) R00. Toronto, Canada.
Jensen, M.R. 1996. BNPD RWO Site 2: Groundwater Monitoring Well Network Assessment. NK37-03480-96006.
Toronto, Canada.
Jensen, M.R. and R.J. Heystee. 1989. BNPD Radioactive Waste Operations Sites 1 and 2: Survey of Local Geologic
and Hydrogeologic Conditions. Ontario Hydro Report No. 89206.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Schroeder, P.R., T.S. Dozier, P.A. Zappi, B.M. McEnroe, J.W. Sjostrom and R.L. Peyton. 1994. The Hydrologic
Evaluation of Landfill Performance (HELP) Model: Engineering Documentation for Version 3. EPA/600/R-94/168b, US
Environmental Protection Agency Office of Research and Development, Washington, DC.
Sykes (Sykes and Associates). 1999. BNPD RWO Site 2: An Analysis of a Proposed Action Level for Tritium. Ontario
Power Generation report 0125-REP-79811-0020353. Toronto, Ontario.
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Ontario. (available at
http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
Sykes, J.F. 2012a. OPG DGR Project: Analysis of Shallow Groundwater Impacts. Nuclear Waste Management
Organization Technical Memorandum DGR-TM-03400 (P). Toronto, Ontario. (CEAA Registry Doc# 682)
Sykes, J.F. 2012b. OPG DGR: Analysis of the Impact on the WWMF of Groundwater Withdrawal Associated with the
Construction of the DGR Shafts. Nuclear Waste Management Organization Technical Memorandum DGR-TM-03400 (P).
Toronto, Ontario. (CEAA Registry Doc# 365)

EIS-08-387

 Section 10.1.2,
Surface Water

Information Request:
Provide additional surface water quality data for the Local Study Area during the EIS review period. These data are to
include, at a minimum:


basic limnological characterization at each lake or pond sampling station (depth, DO/temperature profile, conductivity
profile);



basic lotic habitat characterization at each stream sampling station (depth, velocity, temperature, dissolved oxygen);



major ions; nutrients – particularly nitrogen compounds; trace metals; and
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radionuclides – primarily tritium.

Note that samples are required not only from Lake Huron (including near-shore habitats of MacPherson Bay and Baie du
Dore) but also Stream C.
Context:
OPG did not provide additional surface water quality data for the Local Study Area, as was requested in EIS-03-79.
Context from EIS-03-79:
The data in Table 6.3.5-1 provide historic (1959/1960) to present-day (2007 and 2009) water quality data for Lake Huron.
Interpretation of these data is limited by their relative scarcity. Some of the data points in the table are from one sample
only. In other cases, the number of samples is unknown (footnotes d and e to Table 6.3.5-1).
There is no information regarding the seasons of sampling in relation to important limnological parameters such as
depth, currents and temperature stratification. There are no data on trace metal concentrations. The 2007 and 2009
data sets do not include analysis of nitrogen compounds, despite the fact that nitrogen compounds are one of the most
common chemicals of concern associated with blasting.
In light of the limited data set, any interpretation of the water quality of Lake Huron and water bodies in the Regional and
Local Study Areas would appear to be tenuous and subject to significant uncertainty. Therefore, more data are required.
OPG Response:
Additional surface water data, collected during the review period at SW6 (MacPherson Bay) within the Site Study Area,
are presented in Table 1 (enclosed).
OPG’s response to Information Request (IR) EIS-03-79 (OPG 2012a) provided the rationale for its assessment that
additional monitoring of Stream C and Baie du Doré in the Local Study Area was not warranted and therefore no
additional data are available. Further supporting information is described in the responses to IR-EIS-05-228 (OPG
2012b), IR-EIS-07-292 (OPG 2012c), IR-EIS-07-298 (OPG 2012c), and IR-EIS-07-301 (OPG 2012c).
The DGR project has been designed such that there are no discharges to Stream C or its tributaries. As described in the
Hydrology and Surface Water Quality Technical Support Document (GOLDER 2011, Section 8.8.3), with additional
details provided in OPG’s response to IR-EIS-04-130 (OPG 2012d), all surface water, groundwater and process water
from the DGR Project will be routed to the Stormwater Management Pond (SWMP). As described in OPG’s response to
IR-EIS-07-298 (OPG 2012c), no source-pathway-effect linkage was identified for Stream C and subsequently Baie du
Doré, aside from a 0.8% reduction in flow which is not predicted to result in an adverse effect. OPG’s responses to IREIS-07-298 (OPG 2012c) and IR-EIS-07-301 (OPG 2012c) discuss the absence of a groundwater pathway between the
DGR project and Stream C, as well as the monitoring activities that will confirm this prediction. The absence of a surface
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water linkage to stream C is described in OPG’s response to IR-EIS-07-301 (OPG 2012c).
The DGR EA Follow-up Monitoring Program (NWMO 2011, Sections 2 and 3.1) describes the monitoring that will take
place to confirm that these linkages are not present, by monitoring the shallow groundwater for indications of seepage
from the stormwater management pond and the waste rock management area (WRMA), run-off from the WRMA, and
run-off and seepage from construction activities. Water level monitoring described in the DGR EA Follow-up Monitoring
Program (NWMO 2011) in both deep and shallow monitoring wells will confirm absence of a linkage between dewatering
activities and Stream C.
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, ““Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012c. OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-0053100151, December 20, 2012. (CEAA Registry Doc# 843)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
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Groundwater
 Section 10.1.6,
Ambient
Radioactivity

Information Request and Response
Information Request:
Provide additional information on residential well screening depths and information pertinent to exposure scenarios
specific to Aboriginal individuals.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for groundwater. Therefore, a
greater understanding of the basis for the sampling design is required to evaluate the defensibility, completeness,
reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and since
Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture, data for their
communities is required. Without these data, it is not possible to evaluate the appropriateness of the assessment for
members of the general public in terms of whether that assessment encompasses the exposure scenarios specific to
Aboriginal individuals.
OPG Response:
The local well water sampling program, designed to analyze radionuclides in existing drinking water wells, is part of the
Bruce Power Radiological Environmental Monitoring Program (REMP). These wells are not under OPG ownership, nor
were they advanced/installed under OPG supervision or direction. Therefore, well information is limited to historical data
provided in an MOE well record and/or by anecdotal information from well-owner interviews (OHN 1998).
The wells were divided into the category of shallow wells and deep wells to detect general trends in shallow groundwater
versus deep groundwater. Accurate well depths and screen lengths are not required to meet the objectives of the
sampling program. The drinking water wells monitored by Bruce Power are presented in OPG’s response to Information
Request (IR) EIS-03-78 (OPG 2012a). The well depths of the wells monitored are presented in Table 1, where data is
available. Well screen lengths were not available.
Table 1: Bruce Power Drinking Water Well Depths
Water Source
Deep Wells
BDF11
BF1
BF14
BM12
BM13
BM2

Well Depth (ft)
ND
ND
140 a
296/282a,c
a
286
157a
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117a
391a
ND
192b, 12a,d
132b
152b
114 b, 124a,d

BM3
BM6
BM9
BR1
BR25
BR37
BR8
Shallow Wells
BR2
BR3
BR4
BR32
BR41
BR42
BF6

12b
12b
ND
12b
14 b, 108a,d
ND
3b

Notes:
ND = No data available
a
Data provided by Bruce Power and Referenced with Ontario Ministry of Environment
B
OHN, 1998.
c
Two source wells are believed to be used at this location.
d
Given the uncertainty in the source data (i.e. resident interviews), varying historical data has been
reported, and both are represented here for completeness.

OPG’s response to IR-EIS-03-78 (OPG 2012a) provides information on doses to members of the public in the vicinity of
the Bruce nuclear site based on the results of the REMP. Estimated doses to critical groups are less than 1% of the
regulatory limit. Doses to any distinct group such as Aboriginal communities or member of the public would be lower at
greater distances from the Bruce nuclear site. OPG’s responses to IR-EIS-05-216 (OPG 2012b) and IR-EIS-06-234
(OPG 2012c) also provide additional information on the dose assessment for an Aboriginal community member,
including exposure scenarios specific to Aboriginal individuals.
References:
OHN. 1998. Results of the BNPF Interim Well Water Study. Ontario Hydro Nuclear report NK37 (BS)-03443.1-98015.
OPG. 2012a. OPG letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR1286
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00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)

EIS-08-389

 Section 10.1.5,
Aquatic
Environment

Information Request:
Submit Phase 1 baseline sediment monitoring data.
Context:
Additional Phase II and Phase III sediment data were provided in OPG’s response to EIS-03-86. OPG’s response also
stated that Phase I baseline monitoring data exists; however, the data were not provided as part of OPG’s response.
Context from EIS-03-86:
The Hydrology and Surface Water Quality TSD, states on page 62 that: “Unless major changes occur within a stream,
changes in sediment quality (if any) are expected to occur slowly over time. It is therefore considered appropriate to use
one sampling event to define the existing conditions.” This statement is not supported by adequate data. Provision of
additional sediment data is required to establish a basis for evaluation of the defensibility and appropriateness of the
assessment.
OPG Response:
OPG, in its response to Information Requests (IR) EIS-06-238 (OPG 2012a) and EIS-07-295 (OPG 2012b), provided
Phase 1 baseline sediment monitoring data for radionuclides and conventional parameters respectively. The response
to IR-EIS-07-295 also discusses the reasons for variability in sediment monitoring results.
References:
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to Package # 7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)
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Information Request:
Provide a review of radiation-related cancers in the county over time using correct statistics, such as Standardized
Incidence Ratios (SIRs). Provide also a discussion of ecological study designs and the known cancer-related risk factors
within the area.
Context:
CNSC indicated that the Grey Bruce Public Health Unit conducted a cancer incidence report in 2008 for the period 19862004 which compared cancer rates with the general Ontario population. Likewise, they have also conducted a risk factor
survey for the county. These two pieces of evidence should be used in the response. The references for the two reports
are:



Grey Bruce Health Unit Canadian Community Health Survey, 2007/08 Grey Bruce Health Unit, November 2010
Grey Bruce Health Unit, Cancer Report for Grey Bruce: 1986 – 2004, December 2008

OPG Response:
There are no available studies that relate exposures to ionizing radiation and cancer rates within the Grey Bruce Health
District.
The two reports identified (Grey Bruce Health Unit 2008; Grey Bruce Health Unit 2010) do not discuss cancer incidence
in the county resulting from radiation exposures nor do they provide Standardized Incidence Rates (SIRs) for radiationrelated cancers. It is noted in the Grey Bruce Health Unit Report (2008) that chest radiation is a risk factor for breast
cancer. However, this section of the Grey Bruce Health Unit Report (2008) refers to radiation exposures as a result of
medical treatment or diagnostic imaging.
The cancer incidence rates for different types of cancer for the Grey Bruce Public Health Unit and the South West Local
Health Integration Network have been previously provided in Section 6.11.8.5 of the Environmental Impact Statement
(EIS) (OPG 2011) and further discussed in Information Request EIS-03-89 (OPG 2012). These discussions are not
repeated herein, as none of the cancers can be linked directly to radiation exposure.
The requested discussion of ecological study designs refers to available epidemiological studies that correlate exposures
to ionizing radiation and cancer within the Grey Bruce Health District. Given that there are no available epidemiological
studies identified within the Grey Bruce Health District and that the two reports identified (Grey Bruce Health Unit 2008;
Grey Bruce Health Unit 2010) do not discuss cancer incidence resulting from radiation exposures, it is not possible to
discuss the ecological study designs for epidemiological studies.
There was no statistically significant difference in overall cancer incidence for the time period of 1986 to 2004 between
Grey Bruce and Ontario (Grey Bruce Health Unit 2008). Factors that may increase the risk of developing cancer in
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Bruce County (2008) included the following:











ageing;
tobacco usage;
exposure to sunlight (ultraviolet radiation);
exposure to ionizing radiation;
exposure to carcinogenic chemicals;
some viruses and bacteria;
certain hormones;
family history of cancer;
alcohol; and
poor diet, lack of physical activity, or being overweight.

Based on the Grey Bruce Health Unit Community Survey (2010), the key risk factors for Grey Bruce compare to those in
Ontario and Canada as follows:







The proportion of individuals that identified themselves as daily smokers in 2007/2008 (1 in 6) is not significantly
different than the proportions measured at the provincial or national level.
There are no air monitoring stations in Grey Bruce measuring concentrations of cancer-causing compounds in
the air.
The proportion of the population in Grey Bruce that identifies themselves as a heavy drinker (based on the
number of times they have had 5 or more drinks in one occasion) is significantly higher than the proportion
identified for the province and the country (about one and a half times higher).
The rate of being overweight (based on Body Mass Index) in Grey Bruce is not significantly different than the
rate in Ontario, but significantly greater than the rate for Canada.
The Grey Bruce rate for physical inactivity (48% of people) is not significantly different from Ontario or Canada
rates.
The rate of adequate fruit and vegetable intake in Grey Bruce (45% of people) is not significantly different from
the rates for Ontario or Canada.

References:
Grey Bruce Health Unit. 2008. Cancer Report for Grey Bruce: 1986 – 2004. December 2008
Grey Bruce Health Unit. 2010. Canadian Community Health Survey, 2007/08 Grey Bruce Health Unit. November 2010.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry
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OPG. 2012. OPG Letter, A.Sweetnam to S.Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)

EIS-08-391

 Section 8.1,
General
Information and
Design
Description

Information Request:

 Section 11.2,
Mitigation
Measures

A tritium plume was predicted to reach the DGR shaft, but OPG didn't discuss or mention tritium in the response to EIS
04-130 in relation to discharge and treatment criterion

 Section 11.4.2,
Surface Water

OPG Response:

 Section 11.4.3,
Groundwater

Discuss the presence of tritium in the stormwater management pond and describe options for its treatment and
discharge.
Context:

As stated in OPG’s response to Information Request (IR) EIS-01-01 (OPG 2012a), the temporary drawdown created by
shaft construction is not expected to influence hydraulic head distributions within the bedrock beneath the Western
Waste Management Facility (WWMF), areal recharge or surface water recharge. Tritium concentration within the
uppermost bedrock surface in the vicinity of the WWMF is on the order of 500 Bq/L, if captured by the temporary shaft
drawdown, is estimated to be diluted by a factor of 2 conservatively, to more than 10. Once the hydrostatic shaft liners
are installed and sealed (nominal depth 230 m below ground surface), the shafts will be hydraulically isolated and no
longer influence the groundwater system.
In the event that tritiated groundwater originating beneath WWMF is captured by temporary shaft drawdown, the
concentrations in groundwater would be relatively low at 50 to 250 Bq/L. These concentration levels are low and well
below the Provincial water quality objective (PWQO) for tritium of 7,000 Bq/L and do not require treatment. Verification
of assessment results will be achieved through proposed routine groundwater and shaft discharge monitoring programs,
as discussed in OPG’s supplementary response to IR-EIS-01-01 (OPG 2012b).
References:
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD# 00216-
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CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)

EIS-08-392

 Section 8,
Description of the
Project

Information Request:
Provide the statistical confidence intervals for all inflow rate estimates.
Explain the reliability of the inflow rate estimates with respect to the natural variability of the local and regional hydrology.
Context:
Although OPG explained various flow rates in its response to EIS 04-151, it did not address the question on the
confidence level of the inflow rate estimates.
OPG Response:
OPG responses to Information Requests EIS-04-101 and EIS-04-151 (OPG 2012) provide conservative estimates of
groundwater and process water inflow during shaft sinking and lateral development. These estimates are considered to
be at the upper end of the full range of possible groundwater and process water inflow estimates and there is a very low
probability that actual inflows will be greater than these estimates. There is no practical basis to develop a probabilistic
distribution of inflow rate estimates, which would be required to determine statistical confidence intervals. The approach
taken was to develop a conservative upper bound.
The design of pumping systems for construction and operations are based on the upper limit of inflow estimates only. In
addition, contingency measures are being planned for both construction and operations to handle inflows that may be
greater than the upper limit inflow estimates used for design (e.g., additional standby pumping capacity).
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS-08-393

 Section 13.1,
Demonstrating
the Long term
Safety of the
DGR

Information Request:
Provide further explanation for defining the horizontal stress magnitude and influence on repository design due to crustal
flexure to justify the assumption that the horizontal stresses are 2 MPa. Explain why this is a conservative assumption.
Context:
OPG did not provide justification for the value of horizontal stress due to crustal flexure in its response to EIS 04-156,
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including the reference document (ITASCA 2011). More explanation is needed.
OPG Response:
Further to Ontario Power Generation’s (OPG) response to Information Request (IR) EIS-04-156 (OPG 2012), the
long-term geomechanical stability analyses for the DGR shaft and lateral development assumed a scenario involving a
maximum glacial loading history as predicted by the University of Toronto Glacial System Model (Peltier 2011). This
scenario (nn9904) conservatively considered a maximum vertical ice load of approximately 30 MPa (Peltier 2011,
Figure 4.2). The mechanical loading associated with the ice sheet history includes an increase in horizontal stress due
to both Poisson’s effect and the bending of the earth’s crust (ITASCA 2011, Section 4.4). In the long-term analysis, the
Poisson’s effect resulted in a horizontal stress increase of approximate 13 MPa at repository horizon and the crustal
bending was assumed to be 2 MPa. The sum of the horizontal stress increase accounts for close to a 50% increase in
the minimum horizontal stress (under contemporary stress regime) or the initial ground stress imposed on the
emplacement cavern. As an additional conservatism the initial stress state was assumed to be equal to the maximum
horizontal stress of 36.7 MPa despite the emplacement rooms being aligned with the major horizontal principal stress. In
summary, the horizontal ground stress used in the analysis as a whole is conservative (NWMO 2011, Section 6).
Regardless of the load magnitude assigned to account for crustal bending, the predicted outcome of the long-term
stability analyses is that rock mass responses do not influence the DGR safety case as cavern collapse in all
eventualities is self-stabilizing. As described by ITASCA (2011, Section 8) key findings for analyses of glacial loading on
the DGR lateral development and shafts are:
Multiple glacial events and associated ice-sheet loading/unloading cycles are expected to cause gradual
progressive yielding of the pillars between the caverns and eventual cavern collapse. The number of glacial cycles
that will cause this pillar yielding and the timing of it depend on the long-term strength of the Cobourg limestone. A
conservative estimate for the Cobourg Formation (limestone) long-term strength of 45 MPa (40% of the measured
Uniaxial Confined Strength (UCS)) based on laboratory crack initiation predicts the caverns will stay open for
100,000 years. A strength of 72 MPa (64% UCS), which is still below the traditionally defined long-term strength
definition (70% UCS), predicts caverns would remain stable beyond 1,000,000 years.
Under the assumption of the lower-bound long-term strength (45 MPa), the volume increase of the rubble
accumulating inside the caverns from progressive yielding of the rock mass during multiple ice-sheet
loading/unloading cycles will eventually arrest further propagation of the caved region. A steady state is reached
when glacial cycles cause no further expansion of the yielded or caved regions. All rock yielding remains contained
within the Cobourg Formation.
The 3D panel-scale analysis also confirmed that deformation of the cap rock due to potential complete pillar
collapse, when assuming a lower-bound long-term strength of 45 MPa (40% UCS) for the Cobourg Formation, will
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cause no or insignificant damage in the cap shales and thus, the repository-induced damage remains contained
within the Cobourg Formation.
With respect to the DGR shafts, multiple glacial loading cycles and long-term strength degradation are predicted to
have a negligible effect on Excavation Damage Zone development due to the confinement provided by the
backfilled seal materials (NWMO 2011, Section 6.4.3.4).
References:
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report NWMO DGR-TR2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-08-394

 Section 8.3,
Operation
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
a) Provide an estimate of volume of rock potentially requiring management based on all COPCs including selenium
concentration in the shake flask tests.
b) Provide the rationale for comparing leach test concentrations to surface water quality objectives rather than
predictions from the problematic material, which would matter in the design of the stormwater management
pond.
Context:
a) In its response to EIS 04-159 OPG indicates that: "It is assumed that, based on that response, zones of
mineralization refers to the Ordovician shales that are intersected within the vent and main shaft only and
represent approximately 4% by volume the rock to be placed in the Waste Rock Management Area (WRMA) and
which will be stored in a temporary stockpile within the WRMA. GOLDER (2011, Table 3) reports that the highest
concentrations of trace metals (As, Cu, Co, Ni, Pb, Tl and Zn) are found in the shale sequence."
OPG should consider also selenium, which is higher than the 0.001 mg/L CCME water quality guideline (See
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certificate of analysis table of Golder 2011) in the DGR 4 borehole at depths of 114.35 and 157.25 meters as
well as in the DGR3 borehole at depths of 318.7, 589.63, 589 and 647.39 meters. Considering that these tests
are done at several meters apart from each other and in some instances tens of meters above the Cobourg
formation, it is possible that an appreciable volume of waste rock may be of concern with regards to Se and
other COPCs.
b) As reported in GOLDER (2011) and in OPG’s response to IR-EIS-03-96, the results of short-term laboratory
leach testing indicate a potential for some metals (aluminum, boron, cobalt, thallium and vanadium) to leach at
concentrations slightly above the Provincial Water Quality Objectives (MOEE 1994). However, these tests are
considered to be conservative and not fully representative of weathering and other processes likely to occur in
the field.
CNSC acknowledged that shake flask tests were not a representation of a rock pile but were part of the process
in predicting neutral drainage (acid mine drainage conditions?). It should be noted that the leach tests were done
on a 4:1 water to rock ratio compared to the recommended 3:1 which means that concentrations reported in
Golder 2011 are less conservative than OPG claims.
OPG Response:
All rock that is excavated from the two shafts and repository and brought to surface will be managed and placed in the
Waste Rock Management Area (WRMA). The Environmental Impact Statement (EIS) (OPG 2011, Table 4.7.5-1)
presents information on rock volumes. The quality of the water that comes in contact with the waste rock (both seepage
water and runoff) will be monitored to determine concentrations of Contaminants of Potential Concern (COPC) that
would drain to the Stormwater Management Pond (SWMP).
Laboratory leachate concentrations were compared to surface water quality objectives prior to any water quality
predictions and were used as a screening tool to identify COPCs. Since completion of the environmental assessment
and previous Information Requests, water quality modelling has been performed (GOLDER 2012), which includes the
metal leaching behavior of the waste rock. Leachate values, derived from standard laboratory testing, have been used in
these water quality calculations, along with a variety of expected precipitation conditions and runoff values from the
WRMA. Based on those predictions, leaching of the waste rock is not expected to result in concentrations of COPCs
(including selenium) that are greater than the Provincial Water Quality Objectives (PWQOs). Note that the PWQOs were
used to compare water quality results and not Canadian Environmental Quality Guidelines (CCME).
The rock will be monitored throughout the construction phase as discussed in OPG’s response to Information Request
(IR) EIS-04-160 (OPG 2012) and the quality of water that comes into contact with the rock in the WRMA will be
monitored in the construction phase and in the first few years of the operations phase (OPG 2012, NWMO 2011). In
addition, several mitigative options (GOLDER 2012; OPG 2012) have been identified (covering of the waste rock piles
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and treatment, if necessary) as a contingency should the behavior of the waste rock be different than that predicted.
For the leach testing, a 4:1 ratio of water to rock was used instead of the 3:1 ratio recommended in Mining Environmental
Neutral Drainage (MEND) (2009). The rationale for this recommendation was to decrease the water to rock ratio from
various standard leach testing methods of 20:1. The higher ratios may excessively dilute solute concentrations and fail
to identify equilibrium mineral solubility limits. However, the 4:1 ratio used is still considered to be appropriate. While 3:1
is mentioned in the guidance documents, 4:1 is still a low enough ratio of water to rock to provide meaningful results
(based on professional opinion).
References:
GOLDER. 2012. OPG’S Deep Geologic Repository for Low Level and Intermediate Nuclear Waste Work Package 2-12:
Water Quality Modelling Results for the Stormwater Management Pond (SWMP). Golder Document No. 1011170042TM-G2120-0014-01.
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND Report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS-08-395

 Section 8.3,
Operation
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide plans for a higher initial frequency of surface water sample collection as the hydrology and drainage chemistry of
the rock pile(s) will be uncertain.
Context:
OPG indicates that at least one surface water monitoring location will be sited immediately downstream of the WRMA in
order to characterize the runoff prior to discharge to the stormwater management pond. Samples will be collected
quarterly at a minimum throughout the site preparation and construction phase as described in the EA Follow-up
Monitoring Program. Depending on the results of the rock monitoring program described above, additional surface water
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samples may be collected in order to further characterize “first flush” events (spring runoff and the first rainfall after a
prolonged dry period). Because of the variability of site conditions (waste rock characteristics and seasonal variations in
precipitation and runoff events), the timing and frequency of the sampling will be determined in the field to best observe
and understand the characteristics of the WRMA runoff.
CNSC staff indicated that it expects OPG to collect more samples initially as the hydrology and drainage chemistry of the
rock pile(s) will be uncertain. For instance, OPG should collect composite water samples during first flush events until
contaminant levels in runoff appear stable. Once the drainage chemistry is stable, OPG could decrease monitoring.
OPG Response:
OPG will collect and analyze composite water samples from the rock pile(s) during first flush events until contaminant
levels in runoff appear stable or show a decreasing trend below acceptable benchmarks. As described in the DGR EA
Follow-up Monitoring Program (NWMO 2011, Section 12), a detailed sampling plan will be developed in accordance with
CSA N288.4-10 (CSA 2010). The frequency and the timing of the sampling program will be dependent on weather
conditions (timing of spring runoff, rainfall events, etc.), and on the statistical analysis of the results. Once the drainage
chemistry analysis meets either of those conditions (contaminant levels stable or trending lower), OPG will decrease the
monitoring frequency.
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills. Canadian
Standards Association N288.4-10.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR–TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-08-396

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Develop a modified version of the FRAC3DVS-OPG regional groundwater flow and solute transport model, and its
embedded site-scale sub-model, incorporating the following features:


refined vertical discretization of hydrostratigraphic units 4A (Salina A1 Upper Carbonate) and 4B (Guelph Fm.) to
ensure explicit representation of their thicknesses and hydraulic properties as reported in the DGSM report (NWMO
DGR-TR-2011-24);



revised hydraulic parameters for the Shadow Lake formation in order to reflect a continuous basal permeable unit
across the model domain; and



revised boundary conditions to ensure that observed hydraulic gradients and porewater velocities, both up-dip
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(Guelph, Cambrian) and down-dip (Salina A1 Upper Carbonate), are reproduced at the site.
Provide an assessment of modified regional groundwater flow and solute transport to investigate performance metrics for
scenarios involving long-distance updip migration of radionuclides in the Guelph and basal clastic unit.
In this assessment, use the modified embedded site-scale groundwater flow and solute transport submodel to investigate
tracer migration for scenarios including that of hypothetical discrete fracture zones hydraulically connected to the
Cambrian/Shadow Lake formations.
Context:
The Salina A1 Upper Carbonate unit and the Guelph, Cambrian/Shadow Lake formations are thin, permeable layers that
represent potential preferential pathways for relatively rapid horizontal advective radionuclide transport away from the
repository site. In order to investigate the fate of radionuclides migrating laterally beyond the boundaries of the DGR and
various near-field scenarios, the regional and embedded groundwater flow and transport models must faithfully represent
hydrogeological observations from these units.
OPG Response:
The Geosynthesis (NWMO 2011) and Postclosure Safety Assessment (QUINTESSA et al. 2011) provide compelling
evidence through observation and numerical simulation at long time frames that the proposed DGR can meet regulatory
criterion with large safety margins. The Postclosure Safety Assessment provides estimates of dose consequence based
on simulations of gaseous and aqueous radionuclide transport that consider normal evolution and worst case or ‘what if’
scenarios. Numerical simulations of normal repository evolution predict dose consequences that are 100,000 times less
than the regulatory criterion. The ‘what if’ scenarios explore DGR performance under extreme conditions including the
close proximity of an undetected transmissive fault vertical connecting the Cambrian and Guelph Formations
(QUINTESSA et al. 2011, Section 6.2.5; Sykes et al. 2011, Section 4.5.4) and failed DGR shaft seals (QUINTESSA et al.
2011, Section 6.2.3). The safety assessment analyses combined with site-specific observation of site properties and
characteristics creates a repository safety case. With respect to the DGR, a key aspect of the safety case is that the
repository is situated in a deep ancient and stable groundwater system in which mass transport has been governed by
diffusive processes for periods of geologic time. The Geosynthesis (NWMO 2011, Section 8) summarizes evidence with
respect to 7 hypotheses regarding the stability and suitability of the DGR site for implementation of the DGR concept.
This understanding is captured and reflected in the postclosure safety analyses.
A key aspect of the DGR safety case is that at 680 m depth, the enclosing Ordovician age sedimentary rock provides
multiple barriers to radionuclide migration in which transport would be governed by diffusive processes. As a
consequence predicted peak dose consequences occur at long timeframes following a release from the repository.
Further, the safety assessment analyses estimate critical group dose rates in the near vicinity of the DGR in an attempt
to illustrate conservative impacts (i.e., minimize the mitigating effect of dispersion, diffusion, sorption and decay on
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radionuclide concentrations at receptor). In this approach, it is assumed that dose consequence at receptors situated
further down gradient would be less than already predicted by the postclosure safety assessment.
With respect to the regional scale FRAC3DVS-OPG groundwater model, detailed vertical discretization to account for the
bedrock stratigraphy as observed at the Bruce nuclear site was not possible as a consequence of limitations imposed by
the historic borehole records. Such limitations are described by ITASCA CANADA and AECOM (2011, Section 2).
Regardless, extrapolation of information from the Bruce nuclear site to the regional model (18,000 km2) allowed vertical
refinement of the model to include the A1 Salina carbonate and Guelph aquifers as distinct model layers with properties
as described in the Descriptive Geosphere Site Model (INTERA 2011, Section 4.15). At the repository horizon, Mean
Life Expectancy (MLE) values increased from 164 Ma for the original model (Sykes et al. 2011) to 202 Ma for the revised
model (Figure 1). The increase in MLE occurs as a result of the increased diffusion transport distance through the Lions
Head, Gasport Goat Island and Fossil Hill formations beneath the Guelph Formation. Horizontal pore fluid velocities
increase to 0.16 m/a in the revised model from 0.031 m/a for the A1 Salina aquifer (Hydrostratigraphic Unit 4B) and,
similarly, 0.036 m/a in the revised model from 0.0074 m/a for the Guelph aquifer. Modification of regional scale hydraulic
boundaries for the permeable units will not materially impact estimated MLEs given the diffusive path lengths in the
groundwater system.
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Figure 1: Mean Life Expectancy (MLE) Profile with Depth at the DGR Site for Original and Revised
Numerical Models
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An assessment of modified groundwater flow and mass transport based on the vertically-refined regional numerical
model would indicate no material change to the DGR Safety Case. The significant safety margins to the regulatory dose
criterion predicted by the postclosure safety assessment are unaffected, including those associated with an undetected
vertical fault structure (see OPG’s responses to Information Requests (IRs) EIS-02-36 (OPG 2012) and EIS-08-385).
This is attributed primarily to the thickness of the Ordovician sediments enclosing the repository in which solute transport
is dominated by diffusive processes. Radionuclide concentrations in both the Guelph and Cambrian Formations,
resulting from a source at the repository horizon in the Cobourg Formation, would decrease with increasing distance
along the transport path from the source due to a number of fundamental and irreversible transport processes, which
include radioactive decay, hydrodynamic dispersion, and Fickian diffusion. These processes would mitigate dose
consequence at receptor points further distant from the DGR than considered by the postclosure safety assessment.
Simulations that illustrate this effect in the Cambrian aquifer are provided in the response to IR-EIS-08-397.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA CANADA and AECOM. 2011. Three-Dimensional Geological Framework Model. Itasca Consulting Canada,
Inc. and AECOM Canada Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-42 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Response to Information Request (IR) No. EIS-02-36”, CD# 00216-CORR-00531-00120, June 28, 2012.
(CEAA Registry Doc# 581)
Sykes, J.F, S.D. Normani, and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization report
NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-08-397

 Section 10.1.3,
Groundwater

Information Request:
Incorporate the Cambrian unit in the 3DS model and report on Performance Safety Assessment modeling that
investigates near-field radionuclide migration in the presence of horizontal hydraulic gradients in the Salina A1 Upper
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Carbonate, Guelph and Cambrian formations, as observed at the site.
Context:
Resubmission of IR EIS 04-129; NRCan considers this information request to be unresolved.
The arguments advanced by OPG for not including the Cambrian unit within the 3D Simplified (3DS) groundwater flow
and solute transport model are not compelling:




while Cambrian groundwater is saline and non-potable, groundwater in the Guelph Formation is even more so
(Table 4.17, NWMO DGR-TR-2011-24) yet this unit was included in the 3DS model;
while the Cambrian per se may pinch out east of the Bruce site, it is likely that a thin permeable basal clastic unit
persists eastward over the Algonquin Arch (see IR EIS-04-126); and
while the nearest Cambrian outcrop may be more than 100 km from the Bruce site, advective transport velocities
in the Cambrian are quite high.

NRCan suggests that without the supporting analyses requested in IR EIS-04-129, OPG’s claim that lateral advective
transport in the Cambrian would lead to lower predicted dose consequences is conjecture. NRCan suggests that,
regardless of whether or not this conjecture is correct, it is a matter of due diligence for the proponent to investigate a
scenario corresponding to hydrogeological conditions actually observed at the site.
OPG Response:
The 3DS model presented in the Postclosure Safety Assessment was extended vertically to include the Cambrian
Formation, as well as, a portion of the adjacent upper Precambrian. Properties were assigned from INTERA (2011),
notably a hydraulic conductivity of 3x10-6 m/s and porosity of 0.10 for the Cambrian Formation, and a hydraulic
conductivity of 1x10-10 m/s and porosity of 0.038 for the upper Precambrian.
The 3DS model domain was also extended horizontally to 10 km centered on the repository, to better illustrate lateral
transport. Figures 1 and 2 below show the model in the vicinity of the repository.
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Figure 1: 3DSD Grid Plan Repository Discretization
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Figure 2: 3DSD Grid Vertical Domain in Cross-Section Showing Shaft, Monolith, Access Tunnels, Repository
North Panel and Return Air Tunnel (intersected at x=810 m)
Horizontal hydraulic gradients (and therefore flows) were implemented in the Cambrian, Guelph and Salina A1
formations consistent with those measured at the DGR site, by applying appropriate head boundary conditions at the
edge of the model. These gradients are defined using the April 2010 data in INTERA (2011, Table 4.16) as 0.0077 m/m
northwest in the Salina A1, 0.0026 m/m east in the Guelph, and 0.0031 m/m east in the Cambrian. The method for
determining the head boundaries is described in GEOFIRMA (2011, Section 4.5). It should be noted that monitoring of
hydraulic gradients within the Cambrian during 2011 and 2012 indicate they may be as much as an order of magnitude
less (10-4 m/m) than assumed above, materially reflecting hydrostatic conditions. Such hydraulic conditions would be
consistent with those assumed in the DGR Postclosure Safety Assessment.
A vertical hydraulic gradient was implemented by including the overpressured Cambrian Formation. The Ordovician
underpressures were conservatively not included. This is consistent with the NE-SBC simplified base case as analyzed
in the Preliminary Safety Report (OPG 2011, Chapter 8).
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The repository was assumed to be instantly saturated, and the entire initial inventory of Cl-36 was assumed released and
dissolved in this water. Analyses presented in the Preliminary Safety Report (OPG 2011, Chapter 8) indicate that the
repository is likely to be largely unsaturated for in excess of 100,000 years, which would delay releases. Therefore this
is a conservative model for radionuclide release to groundwater which is the only transport pathway for radionuclides to
reach the Cambrian. Cl-36 was used as the model tracer since it is long-lived, mobile in groundwater, and has been
found in postclosure safety analyses to be a key radionuclide in potential impacts via the groundwater release pathway.
The sorption of Cl-36 was zero in all formations.
The Cl-36 mass transport results from this 3DSD model were compared with those previously calculated with the 3DS
model for NE-SBC simplified base case conditions. The vertical mass transport results were compared at various
horizons and were in good agreement, verifying that the 3DSD model discretization was appropriate.
The 3DSD model results are shown in Figures 3 and 4 below. These show the Cl-36 concentration in horizontal and
vertical cross-sections. Cl-36 concentrations are shown in the same color contours above 10-7 g/m3 as used in the
postclosure safety assessment. Previously, concentrations below this level were not shown as they correspond to very
low potential impacts from the Cl-36. However, in order to see the Cl-36 results in these figures, the concentration
contours have been extended to even lower levels as indicated in the grey shading.
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Figure 3: 3DSD Plan view concentrations of Cl-36 at 1 Ma at four elevations corresponding to the Salina A1
Formation, the Guelph Formation, the Cobourg (repository) Formation, and the Cambrian Formation
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Figure 4: 3DSD Vertical cross-section concentrations of Cl-36 at 1 Ma at four times
Cl-36 concentrations in the Cambrian Formation are shown in Figure 5 along the centerline of the plume. It is evident
from Figure 5 that simulated concentrations decrease as a result of dispersion and diffusion at points of increasing
distance down-gradient of the repository, as would be expected. (Note that concentrations in the Guelph and Salina A1
Formations with horizontal flow were considered in the Preliminary Safety Report (OPG 2011, Section 8.8.2.9) and are
not discussed here.)
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Figure 5: 3DSD Cl-36 Concentrations in Cambrian Formation along Centerline of Plume at Increasing Distance
from Repository (see Figure 3)
The results show the expected behavior of Cl-36 within the three permeable formations surrounding the DGR: a low
concentration plume of Cl-36 extends at long time in the direction of flow within each formation. Within the Cambrian
Formation, the peak concentration of Cl-36 from the repository would be of the order of 10-13 g/m3 at 1 km from the
repository based on Figure 5 (the peak radionuclide concentration in Cambrian occurs at about 1.5 Ma without Cambrian
transport, OPG 2011, p.529).
The other main DGR radionuclides on this timescale are I-129, Zr-93 and U-238. Assuming these other radionuclides
are as mobile in groundwater as Cl-36 (very conservative for Zr-93 and U-238), and accounting for differences in initial
inventories and half-lives, the concentrations of these other radionuclides would also be very low in the Cambrian
Formation. The corresponding drinking water dose rate from all these radionuclides would be much less than 0.1 μSv/a,
assuming the Cambrian Formation water was potable (it is actually much too saline to drink). This is lower than the
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estimated 2 μSv/a drinking water dose calculated assuming no lateral advective transport in the Cambrian (OPG 2011,
p.529) due to less accumulation in the Cambrian groundwater and so lower groundwater concentrations. It is much
lower than the dose criterion of 300 μSv/a and the Canadian natural background dose rate of 1800 μSv/a.
The Algonquin Arch and Cambrian Formation outcrop noted in the IR context are more than 100 km distant from the site.
The above analysis shows the radionuclide concentrations in the Cambrian Formation, including transport within the
formation, are very low at 1 km downgradient of the repository. Concentrations at any locations in the Cambrian
Formation further from the repository would be even lower, considering decay, dispersion, diffusion and potential
sorption losses. These results show that lateral advective transport in the Cambrian results in very low dose
consequences.
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Preliminary Safety
Report. Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-08-398

 Section 13, Longterm Safety of the
DGR

Information Request:
Describe the level of confidence in ensuring the long-term safety of the proposed DGR with respect to the stability of the
geological formations and the DGR’s robustness against larger-scale earthquakes (greater than magnitude 5).
Provide estimates of the frequency of predicted probabilistic peak ground acceleration due to earthquakes at the DGR
site and their associated uncertainties. Explain how the depth (average 7 km as stated in response to EIS-03-75), and
the difficulty in determining the focal depth, of these events, has been incorporated into the predictions and their
associated uncertainties.
Context:
According to the EIS Guidelines, “demonstrating long-term safety consists of providing reasonable assurance that the
proposed DGR will perform in a manner that protects human health and the environment. This demonstration is achieved
through the development of a safety case. The safety case includes a safety assessment complemented by additional
arguments and evidence in order to provide confidence in the long-term safety of the facility”.
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OPG Response:
A Bruce nuclear site specific assessment of earthquake ground shaking hazards that could occur during the
design/service life of the repository was conducted based on a Senior Seismic Hazard Advisory Committee (SSHAC)
Level 2 process (AMEC GEOMATRIX 2011) to ensure that it would withstand the effects of very rare seismic events.
The SSHAC provides guidance on conducting a probability seismic hazard analysis (PSHA) with the goal of capturing
the knowledge of the informed scientific community regarding the inputs to the analysis. Also, the analysis for the Bruce
nuclear site builds on the 1997 PSHA sponsored by the Atomic Energy Control Board to characterize seismic hazards in
southern Ontario (GEOMATRIX 1997a and 1997b) and on a recent PSHA conducted for the region surrounding the
Darlington nuclear site for OPG (Youngs 2009).
In the long-term safety assessment of the repository, the probabilities of exceedance selected for the reference case and
for extreme scenarios were 10-5 per annum (1/100,000 p.a.) and 10-6 per annum (1/1,000,000 p.a.), respectively. The
following table summarizes the results of the PSHA (NWMO 2011, Section 6).
Annual Exceedance Frequency
(AEF)

Peak Ground Acceleration on Hard Rock
(%g)

1/1000

1.7

1/2500*

2.7

1/100,000

18.7

1/1,000,000

60.6

Note: * AEF used in 2005 National Building Code of Canada

The results of the PSHA (AMEC GEOMATRIX 2011) are generally consistent with values published in the 2005 National
Building Code of Canada when corrected to a common site condition (NWMO 2011, Section 4.4). The mean seismic
response spectra of horizontal and vertical ground motion components with annual exceedance frequency of 1/2500,
1/100,000 and 1/1,000,000 at various horizons down to the repository invert at 680 mBGS are shown on Figures 5.44 to
5.49 of AMEC GEOMATRIX (2011). The high, middle and low frequency ranges of these response spectra (AMEC
GEOMATRIX 2011, Figures 5.52 and 5.53) can be represented by a M2.25 event at 10 km, a M6.25 event at 25 km and
a M7.4 event at 200 km.
The PSHA (AMEC GEOMATRIX 2011) explicitly incorporated uncertainties in the probabilistic models and model
parameters that affect seismic hazard at the site (NWMO 2011; Section 6.2.2.1). This includes the influence of:


different zone boundary configurations on the hazard calculation;
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various ground motion attenuation models;
regional seismotectonic source spatial distribution models;
local seismotectonic source models;
the maximum magnitude; and
earthquake occurrence rates.

A detailed description of the uncertainty assessment associated with each of the seismic source is documented in
Sections 3 to 5 of AMEC GEOMATRIX (2011).
In the PSHA (AMEC GEOMATRIX 2011) two measures of source-to-site distance; surface distance and rupture distance
were used. For the rupture distance measure, the depth of earthquake ruptures or the focal depth was needed. Ma and
Atkinson (2006) provide the data on the focal depths of earthquakes in the region and they were incorporated as part of
the earthquake catalogue used in the PSHA (AMEC GEOMATRIX 2011, Appendix A). The southern data set (south of
latitude N45°) was verified by Dineva et al.’s (2004) determination of the focal depths for this region. Figure 3.12 in the
PSHA (AMEC GEOMATRIX 2011) presents the focal depth cumulative distribution function developed from Ma and
Atkinson’s (2006) data. By considering a complete focal depth spectrum, the difficulty in the depth determination
(prediction) and the associated uncertainties have been incorporated in the PSHA (AMEC GEOMATRIX 2011).
Based on the above and further illustrative numerical simulations of long-term geomechanical formation integrity and
stability that considered extreme glacial loading, internal repository gas generation, seismicity as described above, and
long-term rock strength decay indicate a high degree of confidence that future rock mass yielding will be restricted to the
Cobourg Formation (ITASCA 2011, Section 8). A key finding in this respect is that progressive yielding of the rock mass
and eventual emplacement room collapse will be a “self-arresting” process that will not extend into the overlying upper
Ordovician shale. This passive failure mechanism provides assurance that the enclosing DGR barrier formations will
remain unaffected in the long term.
References:
AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix, Inc. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-20 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Dineva, S., D. Eaton and R. Mereu. 2004. Seismicity of the southern Great Lakes: revised earthquake hypocenters and
possible tectonic controls. Bulletin of the Seismological Society of America 94, pp.1902-1918.
GEOMATRIX. 1997a. Seismic Hazard in Southern Ontario, Final Report, Part 1: Seismic Source Models, Recurrence
Models and Ground Motion Attenuation Models. Geomatrix Consultants, Inc. report prepared for the Atomic Energy
Control Board of Canada.
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GEOMATRIX. 1997b. Seismic Hazard in Southern Ontario, Final Report, Part 2: Seismic Hazard Results and
Sensitivity. Geomatrix Consultants, Inc. report prepared for the Atomic Energy Control Board of Canada.
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Ma, S. and G. Atkinson. 2006. Focal depths for small to moderate earthquakes (mN < 2.8) in western Quebec, southern
Ontario, and northern New York. Bulletin of the Seismological Society of America 96, pp.609-623.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Youngs, R. 2009. Site Evaluation for the OPG New Nuclear at Darlington – Probabilities Seismic Hazard Assessment.
Ontario Power Generation report NK054-REP-01210-00014 R01. Toronto, Canada.

EIS-08-399

 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Explain the rationale for selecting just five samples for static leachate testing over an approximately 200 m stratigraphic
interval (Unit 2) that shows the highest concentrations of trace metals in whole-rock analyses.
Explain the rationale for the selection of the test samples in Unit 2 and how the selection of low sulphur (i.e., sulphide)
samples constitutes a conservative (precautionary) approach.
Provide leachate test for Unit 2 that are representative of the sampling interval.
Context:
Whole rock analyses of samples from the shale-dominated Unit 2 (Queenston, Georgian Bay, Blue Mountain) in DGR-3
and DGR-4 have the highest concentrations of trace metals (ex. Pb, Cd, Cr) in the stratigraphic sequence traversed by
the DGR shafts. The lithogeochemistry of Unit 2 shows considerable variability.(ex. SiO2 29.4% - 58.1%, CaO 2.1%34.4%).
A total of only 5 samples from Unit 2 in DGR-3 and DGR-4 were used for static leaching tests. Two of these samples
have sulphur contents below the detection limit, while the others contain 0.26, 0.6 and 0.29 % sulphur respectively
(average of all samples 0.23%). These values reflect the sulphide mineral content (mainly pyrite) of the samples.
Sulphides readily undergo oxidation during weathering and release sulphuric acid and trace metals. In Table 5 (ShortTerm Leach Test Results) the three sulphur-bearing samples show the highest concentrations of cobalt & thallium
(marginally greater than the PWQO criteria) of all tested samples.
Semi-quantitative XRD mineral analyses from Unit 2 in DGR-3 and DGR-4 average 2.3% and 2.4% of pyrite respectively.
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Since pyrite consists of ~53% sulphur by weight, this suggests that the samples selected for the static leaching tests
under-represent the suphide content of Unit 2 by a factor of five.
OPG Response:
In addition to professional judgment, several documents provide guidance with respect to the number of samples to be
collected to provide representative characterization of waste rock (Price 1997, MEND 2009, INAP 2013). It is expected
that 57,500 tonnes of rock (GOLDER 2012a) from Unit 2 will be removed and placed on surface. Based on these
guidance documents, it is suggested that less than eight samples need to be collected. Hence the five samples
collected and tested are within the number suggested and are considered representative of the sampling interval.
Further, the lithogeochemistry information described in the Context to this Information Request represents mineralogy
data for DGR-4 derived from INTERA (2010). Intera analyzed 11 samples from Unit 2. The range of results from
Intera’s work is consistent to the whole rock analysis results (SiO2 28.7% - 53.9%, CaO 2.93%-27.5%), (GOLDER 2011,
Table 2) used for static leaching tests.
Leach-testing was performed to understand the leachate characteristics of the rock and to identify contaminants of
potential concern (COPC). It should be noted that leach testing is used as a screening tool and is not necessarily
representative of the concentrations that could be observed at the DGR Project Site, which is also dependent on
precipitation and infiltration rates. The leach results identified several COPCs. Since filing the Environmental Impact
Statement (OPG 2011), this information was used to predict water quality (GOLDER 2012b) not only from Unit 2 rock,
but all rock that will be brought to surface and stored in the waste rock management area (WRMA). The laboratory
leachate results, the tonnage of rock, expected precipitation (for various climatic scenarios) and infiltration rates were
used to predict the quality of water released from material in the WRMA. The modelling determined that the metal
leachate concentrations from Unit 2 and all rock in the WRMA are low and are not an environmental concern.
The potential for acid rock drainage is not solely based on the amount of pyrite present, or by extension, the sulphide
content of the rock. Other minerals within the rock, such as carbonates, can neutralize the acidity generated by sulphide
minerals. It is the balance of the acid produced by sulphides and neutralization generated from other minerals that must
be considered as a whole. This is determined by the net potential ratio, or NPR (MEND 2009). Generally, acidity is not
generated for NPRs greater than 2. As described in GOLDER (2012b) the NPRs for the material from Unit 2, and all
rock to be placed in the WRMA is greater than 2 and in most instance, greater by a large margin. Additional testing
called net-acid generation (NAG) was also performed as an alternative assessment of potential acid generation. The pH
value of the water used in the NAG testing is measured and if it is above a value of 4.5, acid generation is not expected
(AMIRA 2002). The measured pH values from the NAG for Unit 2 samples, and all samples of rock tested, were greater
than 4.5 and in all cases, greatly so. Hence, based on the NPR and NAG pH values, acid generation is not expected
from the rock that is to be placed in the WRMA.
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The rock will be monitored throughout the construction phase, as noted in OPG’s response to Information Request EIS04-160 (OPG 2012), and the quality of water that comes into contact with the rock in the WRMA will be monitored in the
construction phase as well and in the operations phase (GOLDER 2012b, NWMO 2011). In addition, several mitigative
options (GOLDER 2012b, OPG 2012) have been identified (covering of the waste piles and treatment, if necessary) as a
contingency should the behavior of the waste rock be different than that predicted by the standard laboratory testing.
References:
AMIRA. 2002. ARD Test Handbook – Prediction and Kinetic Control of Acid Mine Drainage. AMIRA International Ltd.
Environmental Geochemistry International Pty. Ltd. and Ian Wark Institute, University of South Australia.
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository (DGR). Golder
Associates Ltd. Technical Memorandum from C. McRae to D. Barker. (CEAA Registry Doc# 523)
GOLDER. 2012a. Geotechnical Design Criteria for the Permanent Waste Rock Pile, Technical Memorandum
1011170042-TM-G2120-0002-01.
GOLDER. 2012b. OPG’S Deep Geologic Repository for Low and Intermediate Level Waste, Work Package 2-12:
Water Quality Modelling Results for the Stormwater Management Pond (SWMP). Golder Associates Ltd. Technical
Memorandum 1011170042-TM-G2120-0014-01.
INAP. 2013. Global Acid Rock Drainage (GARD) Guide. International Network for Acid Prevention. (available at
www.gardguide.com)
INTERA. 2010. Mineralogy and Geochemistry of DGR-4 Core. Intera Engineering Ltd. report TR-08-23 Rev.0. Ottawa,
Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
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Price, W.A. 1997. Draft Guidelines and Recommended Methods for the Prediction of Metal Leaching and Acid Rock
Drainage at Minesites in British Columbia, Ministry of Energy and Mines.

EIS-08-400

 Section 8.1,
General
Information and
Design
Description

Information Request:
Completion of this IR will assist in the response to IRs 08-342 through 08-350.
Conduct a hazard assessment of the full range of waste containers (not transport containers) plus waste forms to be
received and, potentially, placed in the DGR. The hazard assessment must include consideration of:






radiological, chemical, biochemical and biological hazards;
all waste forms, such as ash from incineration, sludges, resins, metals, plastics, paper, and hydrocarbons;
interactions among physical, chemical and biological properties of the waste and waste containers, particularly
with respect to processes that would result in release of hazardous gases and liquids during operation of the
DGR;
hazards associated with flammable, ignitable, explosive, corrosive, and toxic gases; and
processes that would result in longer-term releases of gases and liquids that affect the long-term safety case via
the creation of release mechanisms (e.g. creation of corrosive conditions) that, in turn, affect assumptions used
for the post-closure assessment with respect to transport of chemicals and radionuclides within and beyond the
DGR.

Context:
The hazard assessment will require a detailed physical and chemical characterization of all of the waste forms that will
be accepted for receipt at the DGR. Waste forms include ash from incineration, sludges, resins, and solids such as
metals, plastics and paper. The characterization would specify all parameters that may contribute to hazard such as
moisture content, the presence of reactive elements, and the presence of substrates for microbial growth.
OPG Response:
The characteristics of the range of wastes and waste containers are summarized in the Preliminary Safety Report
(OPG 2011, Chapter 5), and are presented in detail in the Reference Inventory report (OPG 2010). This includes all
waste forms, including ash, sludges, resins, metals, plastics, paper and bitumen.
Radiological characteristics of the individual wastes, and the total amount projected to be emplaced in the DGR, are
described in OPG (2010), Appendix B and the main report. Radiological hazards during operations are assessed in
OPG (2011), under normal operations (Section 7.4) and accident conditions (Section 7.5 and Appendix A). Radiological
hazards during postclosure are assessed in OPG (2011), including both normal evolution scenarios (Section 8.6) and
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disruptive scenarios (Section 8.7).
Physical and chemical characteristics of the wastes are provided in OPG (2010) main report, Appendix C, and in
Appendix E. Physical characteristics of the waste containers are provided in OPG (2010) Appendix E. Major chemical
species of potential relevance to the DGR safety assessment are identified in OPG (2010), Appendix C and Appendix E,
for the different waste types. For example, dioxins and furans are present in low levels in the incinerator ash
(OPG 2010, Table C.1). Moisture content is identified in Table C.7 (OPG 2010).
The DGR is intended to accept wastes that are currently being received and stored at the OPG Western Waste
Management Facility (WWMF) at the Bruce nuclear site. As with the WWMF, the DGR waste acceptance criteria
(OPG 2011, Table 5-5) exclude wastes that are reactive, ignitable, explosives, corrosives and compressed gases. It
excludes wastes that would generate toxic gases on contact with water. It excludes pathological wastes.
Chemical hazards of the wastes during operations are assessed in OPG (2011), under normal operations (Section 7.4)
and accident conditions (Section 7.5 and Appendix A). Chemical hazards of the waste during postclosure are assessed
in OPG (2011), Sections 8.6 and 8.7, and summarized in Section 8.9.4. Details are provided in the supporting
postclosure safety assessment reports, see in particular QUINTESSA (2011a, Section 6.16).
Biological and biochemical hazards, as distinct from chemical or radiological hazards to humans and biota, are not
assessed since the wastes do not include pathological wastes. The only wastes accepted in the DGR are those from the
operations and refurbishment of OPG-owned or operated nuclear power stations.
Some of the wastes are combustible, in particular some of the low-level wastes which contain paper and plastics, and to
a lesser extent the resins. The assessment of flammability hazard (fire-related accidents and consequences) is provided
in OPG (2011), Section 7.5 and Appendix A.
Waste degradation is an important aspect of the postclosure safety assessment. The relevant processes are
summarized in OPG (2011), Section 8.6, and described in more detail in supporting technical reports such as
QUINTESSA (2011b), Section 4.5. In particular, the postclosure safety assessment considers the long-term generation
of gases from waste degradation as a potential mechanism for radionuclide release.
Waste degradation processes are not expected to produce significant amounts of liquids, but the decomposition products
will influence the chemical conditions in the water that very slowly seeps into the repository from the surrounding rock.
As noted in OPG (2011) Section 8, box 1 and supporting reports, and also as summarized in the OPG response to
Information Request (IR) EIS-08-349 (OPG 2013), the postclosure safety assessment assumes species are chemically
mobile within the repository by assuming rapid release, high solubility and no sorption.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
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Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
QUINTESSA. 2011a. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. Quintessa Ltd.
report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (CEAA
Registry Doc# 637)
QUINTESSA. 2011b. Postclosure Safety Assessment: System and Its Evolution. Quintessa Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
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IR#

EIS 09-401

EIS Guidelines
Section
 Section 2.5,
Precautionary
approach
 Section 8.7
Accidents,
malfunctions and
malevolent acts
 Section 12
Accidents,
malfunctions and
malevolent acts

Information Request and Response

Information Request:
Provide a report of incidents that have occurred in the past operational history at the Bruce Nuclear site involving threats,
theft and other malevolent acts.
Context:
The response to EIS 05-195 is incomplete. Further justification for the statement “…no potential to impact facility
safety…” is required.
The provision of past incident reports would add credibility to the above statement.
OPG Response:
OPG has no record of any threats, theft or other malevolent act with respect to radioactive materials or equipment that
could pose a hazard to workers or the public on or in relation to the Western Waste Management Facility located within
the Bruce nuclear site.
In response to a request for similar information regarding the Bruce site, Bruce Power stated:
A review of incident information for the last ten years at the Bruce Power site, including all facilities, revealed no
threats, theft and other malevolent acts with respect to radioactive materials or equipment that could pose a
hazard to workers or the public.

EIS 09-402

 Section 11.4.7,
Atmosphere

Information Request:
Provide the rationale in support of the selection of the two accident scenarios for comparison of emissions with and
without HEPA filters (i.e. In Room Unshielded Waste Package Fire and Cage Fall).
Explain how these two scenarios represent an adequately conservative evaluation of the full range of particulate and
aerosol emissions and, thus, a fair and reasonable evaluation of the net benefit (to public safety) versus net risks (to
worker safety) of HEPA filtration.
Context:
The response to EIS-04-135 does not include an explanation of how the two accident scenarios were selected for
comparison of impacts with and without HEPA filters. The argument presented in the response appears to be that there
is little to no net benefit to public safety and a possible increase in risk to workers.
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The basis for this risk-based conclusion requires further elaboration and clarity.
OPG Response:
In OPG’s response to Information Request (IR) EIS-04-135 (OPG 2012), two underground accident scenarios were
selected from Table 7-40 of the Preliminary Safety Report (OPG 2011) - in-room unshielded waste package fire, and
cage fall with container - for the following reasons:



The in-room unshielded waste package fire accident scenario has the highest estimated public dose under fire
scenarios (without HEPA filters); and
The cage fall with container accident scenario has the highest estimated public dose under container breach
scenarios (without HEPA filters).

The analysis presented in OPG response to IR-EIS-04-135 showed that HEPA filters would have little effect on the public
dose consequences, which were low with or without the filters. (Note that there was an error in Table 1 in OPG’s
response to IR-EIS-04-135, the public dose for Cage Fall for Moderator Resin (Shielded) Without HEPA Filter should
have read 0.0018 mSv not 0.018 mSv.) The main reason for the low benefit of HEPA filters is that the nature of the
wastes and respective containers are such that they do not readily generate high-radioactivity airborne particulate, and
therefore the public dose consequences are generally dominated by tritium and C-14, both of which are primarily present
as volatile forms which are not trapped by HEPA filters. Ash waste, for example, is one waste stream where particulate
alpha activity is dominant in accident dose consequences, but the measured alpha content of this low-level-waste is
comparatively low.
As a further check on the potential benefits of HEPA filters, the two accidents were reassessed assuming that the C-14
was entirely released as particulates, which could therefore be removed by HEPA filters. With this hypothetical
assumption, the highest dose case without HEPA filters was for the room fire scenario with unshielded moderator resins
containers. The public dose increased from 0.02 to 0.03 mSv without filters, and would be reduced to about 0.001 mSv
with filters. However while the filters make a larger effect in this case, the public dose without filters is still well within the
dose criterion of 1 mSv. Note further that this is not expected since the C-14 is largely absorbed on the resins as
carbonate, and on heating in air is likely to be released mostly as CO2.
It is worth noting that the selected in-room fire scenario made several conservative assumptions on the particulate and
gaseous release (OPG 2011, Section 7.5.3.1):





The room is full, with 2400 LLW containers or 1200 unshielded moderator resin containers;
The containers are damaged, exposing the wastes (i.e., damage ratio, DR, is 1);
The airborne release fraction (ARF) is 0.01, bounding value for unconfined fire based on US DOE models; for
volatile species notably H-3 and C-14, ARF is 1;
All released particles are small (i.e., respirable fraction, RF, is 1); and
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Particles are not deposited within the repository during transit to surface following release from within the
container (i.e., leak path factor, LPF, is 1).
Particles are not deposited outside the repository during transit to the public;
Dose is calculated to member of public at nearest Bruce nuclear site fence line, with wind blowing in that
direction.

In summary, these two scenarios, particularly the in-room waste package fire scenario, represent an adequately
conservative evaluation of the full range of particulate emissions.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
EIS 09-403

 Section 8.2, Site
Preparation and
Construction

Information Request:
Provide an assessment of space and security requirements for above ground and underground explosives storage
facilities that will address, at a minimum:




quantities of explosives to be stored on surface and underground over various time frames (daily, weekly or
longer)
descriptions of explosives magazine and detonator/cap storage container physical features (such as size and
construction materials to be used), siting locations and safety features necessary to prevent inadvertent
intrusion; and
discussion of the impacts of potential losses of or damage to explosive material in storage, transport or handling
during the interval between DGR site delivery and underground excavation development, and how damaged or
unused explosive materials will be safely disposed.

Describe how the control and safe handling of explosives will be integrated into Emergency Management (EM) or
emergency procedure plans for conventional risk management at the Bruce nuclear site under OPG’s Nuclear Waste
Management Division Environment Health and Safety Program.
Context:
The response to EIS-01-02 is incomplete, lacks detail concerning anticipated volumes or mass quantities to be stored on
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a regular basis in order to accomplish stated operational goals, and neglects any assessment of potential hazard
consequences or impacts associated with explosives storage.
OPG Response:
For nuclear security reasons related to the other facilities on site, details such as the surface location within the Bruce
nuclear site that is under consideration for an on-site explosive storage magazine, possible quantities of explosives that
may be stored on site and details of magazine design will not be provided in this response. A separate confidential
submission with this information will be made to the Panel. The project has made provision for the transport and storage
of explosives at surface, as well as, underground storage for lateral development activities. During the Operations phase
of the DGR facility, there will be no explosives required on site.
During shaft sinking, both the main and ventilation shafts will be developed in parallel. Details of typical controlled
blasting patterns and explosive volumes for both shaft sinking and lateral development have been provided in the
response to the Technical Information Session (TIS) #1 undertaking #3 (OPG 2012).
Should on-site storage be selected, the location and quantity of explosives that could be stored would be derived from
the Quantity-Distance Table for Storing Blasting Explosives as outlined in Appendix A of the Natural Resources Canada
(NRCan) Blasting Explosives and Initiation Systems – Storage, Possession, Transportation, Destruction and Sale
(NRCAN 2008). It states that “A magazine should be situated so that the accidental explosion of its contents is not likely
to cause serious damage to other buildings or injury to persons”. Requirements for the magazine siting take into
consideration spacing relationship between the powder and initiating cap magazines, environmental considerations,
buildings and specialized facilities (e.g., Bruce nuclear stations), roads and key infrastructure (i.e., high voltage lines),
surveillance, signage and entrance gates.
All on-site transportation will be done in accordance with Part VI of the Occupational Health and Safety Act and
Regulation for Mines and Mining Plants – R.R.O. 1990, Reg. 854, as well as, with the Transportation of Dangerous
Goods Act.
Only personnel licensed to work with explosives, as defined under the Explosives Use Act, will be permitted to handle,
use, store, and clean up spills related to explosives. These personnel are required to receive specialized training to be
aware of the hazards associated with explosives.
Damaged or unused explosive materials will generally be removed from the DGR site and disposed of by the explosive
supplier. In the event that explosives are destroyed at the DGR project site, the requirements of NRCAN (2008), and
associated DGR project safe operating procedures would be implemented. Close control and documenting of explosive
quantities is required as part of storage and use.
As a precondition of receipt of federal licensing for the storage, use and transportation of explosives, there is the
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requirement to have in place a detailed site-specific Emergency Response Plan (ERP). A detailed ERP will be prepared
prior to the start of construction and incorporate coordination with Bruce Power for the security and safe transport of
explosives on the Bruce nuclear site. Emergency response planning, development and implementation of safe operating
procedures and monitoring for compliance will be part of the DGR Project managed systems including the Health and
Safety Management Plan and Environmental Management Plan. It will not be included in the Nuclear Waste
Management Division Environmental and Safety Program.
References:
NRCAN. 2008. Blasting Explosives and Initiation Systems – Storage, Possession, Transportation, Destruction and
Sale. Natural Resources Canada.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Responses to Undertakings from Technical Information Session #1”, CD# 00216-CORR-00531-00132,
August 15, 2012. (CEAA Registry Doc# 692)

EIS 09-404

 Section 13, Long
Term Safety of
the DGR

Information Request:

 Section 13.4,
Confidence in
Mathematical
Models

Discuss the implications of sulfide and carbonate dissolution from the repository walls along with the generation of
sulfides from the waste in limiting methanogenesis, which could lead to higher pressure in the repository.

Provide a proton mass balance in the repository by considering not only the waste inventory but also the presence of
carbonate and sulfides in the repository rock wall.

In the context of higher pressure, discuss the possibility of H2, CO2 and CH4 becoming supercritical fluids during the
postclosure period.
Discuss the implications of the possible presence of supercritical fluids on the contaminant source term in the repository
and subsequent migration out of the repository.
Context:
Hydrogen and carbon dioxide gases can be generated in the repository from the corrosion of steel and degradation of
cellulosic and plastic materials. Subsequently, one molecule of methane and two molecules of water are formed by the
reaction of one molecule of carbon dioxide and four molecules of hydrogen gas.
These microbial mediated reactions require water which is present within the waste, particularly in resins.
Methanogenesis (the formation of methane by microbes that produce methane as a metabolic byproduct in zero oxygen
conditions) will limit the gas pressure build-up into the repository by consuming one molecule of carbon dioxide and four
molecules of hydrogen. However, the presence of sulfides and carbonate in the rock wall along with the presence of
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sulphate and water in the waste could lead to hydrogen sulphide levels that may restrict methanogenesis and increase
the concentration of carbon dioxide and hydrogen gas leading to higher pressures in the repository.
Temperature and pressure within the repository will affect whether hydrogen, carbon dioxide and methane will be
present as a gas, a liquid or a supercritical fluid. Past their critical points of temperature and pressure (i.e., CH4 -82°C,
4.6MPa; H2 -240°C 1.3MPa; CO2 31°C 7.3MPa), gas can become supercritical fluid. These temperatures and pressure
are plausible scenarios for the proposed repository. The current gas generation model approximates the behaviour of the
gases using the equation of state for ideal gas. Supercritical fluids behaviour can deviate substantially from an ideal gas,
and thus may significantly impact the release rates from the inventory at some time into the future. Additionally, the
migration behaviour of supercritical fluids in the geosphere will also be different from an ideal gas.
OPG calculated that the main gas to be generated would bemethane, with some hydrogen and carbon dioxide. In order
to calculate the types, amount and pressure of the gases generated, OPG uses the GGM model for gas generation and
the TOUGH2 model for gas transport. In these models, the gases are assumed to behave as ideal gases. In addition, the
presence of sulfides and carbonates on the repository rock walls was not taken into account.
CNSC staff have recommended that the above two assumptions be justified, because of the following potential
implications on long term contaminant release from the repository: The anticipated pressures at a predicted temperature
of 22°C in the repository could exceed the supercritical point of H2, CH4.and perhaps CO2 if the temperature in the
repository reaches 31°C. The gases in that case become supercritical fluid, and their behavior would deviate
substantially from an ideal gas. This may in turn impact the release rates from the inventory at some time into the future.
Additionally, the migration behavior of supercritical fluids in the geosphere will also be different from an ideal gas.
OPG Response:
The response is provided in four sections:
1.
2.
3.
4.

Proton mass balance
Limitation of Methanogenesis
Supercriticality
Summary

1. Proton Mass Balance
1.1 Background
When the repository is closed, there will be an initial period of a few years during which free oxygen within the repository
is consumed and conditions become anaerobic. Subsequent extensive reactions will be largely dependent on the
availability of water. The water is needed to support the degradation and corrosion reactions, to allow microbes to live,
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and also in many cases to act as a medium to transport reactants.
Some water is initially present in the wastes, including bound water within the ion exchange resins. However this water
by itself is not sufficient to support substantial degradation of the wastes and packages. Further water must be supplied
from the rock, but this is a slow process due to the low permeability of the host rock. This will limit the rate of reactions.
If the reactions are delayed, then the generation of gas and the release of radionuclides are both consequently delayed.
This is a key benefit of placing the repository in a low-permeability host rock. Furthermore, the rate and extent of
degradation will be limited by the high salinity of the groundwater which will discourage microbial activity, and by the
recalcitrant nature of some of the materials.
However, for the postclosure safety assessment, a conservative assessment approach is adopted which maximizes the
generation of gas within the repository. In particular, it is assumed that:




sufficient water is available to support chemical reactions within the repository;
microbes will be active if there are energetically favourable reactions; and
the wastes and containers completely degrade into gaseous elements.

The repository environment, including the host rock and porewater, contains sulphates and carbonates and other
chemical species that will affect the repository chemical and microbial reactions in detail. The primary reactions
expected to occur in the repository are described in the T2GGM model report (QUINTESSA and GEOFIRMA 2011a).
These include hydrogen generating reactions from corrosion of various metals, and hydrogen consuming reactions from
various reactions including oxygen, nitrate, ferric ion, sulphate and carbon dioxide. The model includes key sulphur
related reactions, including degradation of organics, reaction with hydrogen, and precipitation of sulphide minerals.
However, in the conservative postclosure assessment, the amounts of these reactants are small compared to the
amounts of H2 and CO2 released from full degradation of the wastes and packages, and therefore they do not affect the
primary mass balance and conclusions drawn based on the conservative assessment. The magnitude of these
contributions is described in more detail below.
1.2 Hydrogen Generation
The anaerobic corrosion of metallic waste and construction materials is the primary hydrogen generating process
expected within the DGR (QUINTESSA 2011). The total metal inventory available is capable of generating
1.6 x 109 moles of H2 (QUINTESSA 2011, Appendix B). This process requires water, but is a chemical reaction that
does not depend on microbial activity, and will proceed at repository temperature without significant dependence on the
H2 pressure.
The initial amount of free water within the wastes in the repository emplacement rooms is 2.6 x 105 kg (Panel 1) and
2.4 x 105 kg (Panel 2) (QUINTESSA and GEOFIRMA 2011b, Section 3.4.1). The amount of bound water associated with

1323

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
resins is 3.7 x 106 kg (2 x 106 kg in Panel 1; 1.7 x 106 kg in Panel 2; QUINTESSA and GEOFIRMA 2011b, Section 3.4.1).
Therefore, there are 2.8 x 107 moles of free water associated with wastes, and 2.0 x 108 moles of water bound to resins.
Anaerobic corrosion of ferrous metals may occur via reactions such as (QUINTESSA 2011, Section 4.5.1.1):
3Fe + 4H2O  Fe3O4 + 4H2

Equation 1

Fe + CO2 + H2O  FeCO3 + H2

Equation 2

Therefore, one mole of H2O is required for each mole of H2(g) generated by the anaerobic corrosion of ferrous metals.
The same ratio of H2:H2O is also associated with the corrosion of non-ferrous metals such as zirconium alloy
(QUINTESSA 2011, Section 4.5.1.2):
Zr + 2H2O  ZrO2 + 2H2

Equation 3
9

Given that the total metal inventory is capable of generating 1.6 x 10 moles of H2, there is not enough water associated
with the waste to enable complete metal corrosion. The ratio of required additional water to initial water in repository is
about 60:1 for the free water, or 7:1 including the bound water.
Therefore, assuming that the water bound to resin is available for corrosion reactions, an additional 1.4 x 109 moles of
water are required for complete metal corrosion (2.5 x 107 kg, or approximately 2.5 x 104 m3). In practice, much more
water would be needed because some water would be consumed by organic degradation, and some would simply fill the
space in the repository.
1.3 Hydrogen Consumption - General
Hydrogen is a common product of anaerobic microbial metabolism and consequently there are a large number of
microbes able to oxidize hydrogen (Grant et al. 1997, Pedersen 2000, Heimann et al. 2009, Schwartz and Bärbel 2006)
at the expense of a range of terminal electron acceptors (TEA) including nitrate (Smith et al. 1994, Vasiliadou et al. 2006,
Harris et al. 2007), ferric iron (Lovley 1991, Harris et al. 2007), sulphate (Harris et al. 2007, Matias et al. 2005,
Moser et al. 2005) and carbon dioxide (Schwartz and Bärbel 2006, Harris et al. 2007, Moser et al. 2005,
Chapelle et al. 2002). Direct observation of corrosion driven growth of anaerobic bacteria has been reported for
methanogens (Uchiyama et al. 2010, Mori et al. 2010), acetogens (Mori et al. 2010) and sulphate reducing bacteria
(Mori et al. 2010, Dinh et al. 2004).
The consumption and generation of hydrogen is central to the processes simulated in the T2GGM model (QUINTESSA
and GEOFIRMA 2011a), as it is in a number of gas generation models developed for radioactive waste disposal sites
(Humphreys et al. 1997, Small et al. 2011, Kidby and Rosevear 1997, Rodwell et al. 2002, Swift 2004). The capacity for
hydrogen consumption within any environment is constrained by the availability of the relevant TEA. In the DGR a wide
range of TEAs could be potentially present originating from the waste, construction materials and the repository
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environment. Those considered to be present in sufficient quantities to warrant inclusion in T2GGM are oxygen, nitrate,
ferric ion, sulphate and carbon dioxide.
1.4 Hydrogen Consumption - Sulphates
Under the repository anaerobic conditions, the relevant form of sulphur with respect to hydrogen consumption is
sulphate, SO42-.
The processes controlling the fate of sulphate in the repository are outlined in Figure 1. As shown, the sulphate available
in the system is composed of sulphate present initially in repository waters, sulphate entering from the geosphere by
diffusion or ingress with water, and that present in the waste.
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SO42generated
by sulphide
oxidation

Figure 1: Processes Controlling the Fate of Sulphate in the DGR
Sulphate entering from the geosphere may be sulphate in porewater in equilibrium with anhydrites or gypsum in the rock,
or sulphate generated from the oxidation of sulphide based minerals (e.g. pyrite) in the rock during the construction and
operational phases of the repository.
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The concentration of sulphate in porewater in the Cobourg limestone surrounding the repository is buffered by anhydrite
(CaSO4) (INTERA 2011, QUINTESSA and GEOFIRMA 2011b). Although gypsum has not been reported, it is possible
that this phase also occurs, but has been unrecognized. However, equilibrium with gypsum would give lower porewater
SO4 concentrations than equilibrium with anhydrite (other geochemical parameters being equal). Assuming that
anhydrite is the buffering phase, an upper estimate of the resulting sulphate concentration is 1.9 × 10-2 mol kg-1(H2O)
(19 mol m-3 of water) (QUINTESSA and GEOFIRMA, 2011b). Assuming complete saturation of the repository, this water
would provide 8.7 × 106 mol of sulphate. However, for most scenarios water saturation is expected to remain low for a
substantial period of time and to increase only gradually. This is particularly the case over the first 100,000 years which
is the period of over which the corrosion and organic degradation processes are expected to be complete. For the
Normal Evolution Scenario cases, the water saturation generally stays below 0.1 within this period. Assuming an initial
saturation of 0.1, the amount of aqueous sulphate initially available within the emplacement rooms and access tunnels is
reduced to 8.7 × 105 mol of sulphate.
Alternatively sulphate may diffuse into the repository rather than advect with seeping groundwater, since transport in this
low-permeability system is diffusion dominated. Based on simple estimates, the rate of supply of sulphates by diffusion
into a repository saturated to 0.1 is estimated to be 160 mol a-1. This is equivalent to 1.6 x 107 mol SO42- over
100,000 years. It is larger than the amount estimated based on advection of groundwater.
In addition, it is possible that sulphides present in the host rock may be oxidized to sulphate during the construction and
operational phases of the repository. However, the addition of more sulphate to the already anhydrite-saturated
porewater would just cause more anhydrite to precipitate. The Ca that is also precipitated in this mineral would be
supplied to the porewater by dissolution of calcite in the rock. Hence, the aqueous concentration of the sulphate would
be controlled by the same processes that control the sulphate concentrations in the undisturbed local porewater, i.e.,
anhydrite or gypsum solubility.
Thus, it can be seen that the rate of SO42- addition to the waste emplacement rooms and access tunnels would be
bounded by the rate of SO42- diffusion within the porewater of the Cobourg Formation and that the concentration of this
SO42- would remain at or below the anhydrite-buffered level.
There is no significant inventory of sulphates within the wastes to be disposed in the DGR. The majority of the sulphur is
present in the ion exchange resins, and in particular as sulphite groups within cation exchange resins. Approximately
45% of the IX resins are cation exchange resins. These sulphite groups can be liberated as the resins break down, and
it is estimated that 1.4 × 107 mol sulphite (SO32-) could be released via this route. Although sulphites are not as
energetically favourable as terminal electron acceptors as sulphates, consuming less hydrogen per mole (Equations 4
and 5), they are potentially able to support the associated generation of hydrogen sulphide by sulphate reducing
bacteria. One mole of sulphite is equivalent to 0.75 mole of sulphate, which means that the sulphite inventory is the
equivalent of 1.1 x 107 mol sulphate.
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3H2 + SO32- + 2H+  H2S + 3H2O Hydrogen degradation via sulphite

Equation 4

4H2 + SO4 + 2H  H2S + 4H2O Hydrogen degradation via sulphate

Equation 5

2-

+

Taking all the potential sources of sulphate together, i.e., from the waste and from the rock, there is a total of
2.7 x 107 moles of sulphate (or sulphate equivalents). Given a total hydrogen inventory of 1.6 x 109 moles of H2
generated from corrosion and considering Equation 5 above, this amount of sulphate is only able to oxidize
1.1 x 108 moles of H2 and is therefore sufficient to oxidize <10% of the hydrogen generated by corrosion.
Also, in practice sulphates would be consumed by other reactions and not all available for H2 consumption. These
include direct reactions with organics, such as Equation 6, as well as reactions with cement.
C6H10O5 + 3SO42- + 6H+ 6CO2 + 5H2O + 3H2S

Equation 6

In summary, sulphates will be present, but not in sufficient amounts to consume all the H2 available from metal corrosion.
1.5 Hydrogen Consumption – Carbon Dioxide
Hydrogen can also be metabolized via methanogenesis (Equation 7a) or acetogenesis (Equation 7b). This route of
hydrogen oxidation requires carbon dioxide as an electron donor. For the DGR postclosure safety assessment, the
methane generation reaction is emphasized since that results in the most gas.
4H2 + CO2  CH4 + 2H2O

Methane generation from hydrogen

Equation 7a

4H2 + 2CO2 CH3COOH + 2H2O

Acetogenesis

Equation 7b

Although carbonates are present in the system, the primary source of carbon dioxide is the microbial degradation of the
organic waste components. If all the organic material is assumed to degrade via the organotrophic methanogenic routes
(i.e., fully into gaseous end products, Equations 8 and 9) then the amount of carbon dioxide generated is 5.6 x 108 moles
which could react with 2.2 x 109 moles of hydrogen. This is a simplification since in reality some organic material is
consumed via other microbial routes e.g. sulphate reduction. Consequently the microbial degradation of the organic
waste components generates sufficient carbon dioxide to account for the hydrogen generated by corrosion. Given this
amount of carbon dioxide there is no need for microbial metabolism to access environmental carbonates.
C8H8 + 6H2O  3CO2 +5CH4

Methane generation from resins and plastics

Equation 8

C6H10O5 + H2O  3CO2 + 3CH4

Methane generation from cellulose

Equation 9

The cementitious components of the repository (floors, shotcrete) will be able to remove carbon dioxide by carbonation
to some extent. According to QUINTESSA and GEOFIRMA (2011b), there will be around 2.3 x 106 kg of cement used to
mix the structural concrete employed in the emplacement rooms. Assuming that this cement contains 30% w/w
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portlandite (Ca(OH)2) and 65% w/w C-S-H (Calcium-silicate-hydrate) gel, then complete carbonation would remove
around 6 x 107 moles of CO2 from the repository by the reactions:
Ca(OH)2 + CO2  CaCO3 + H2O

Carbonation of portlandite

xCaO.SiO2yH2O + CO2  xCaCO3 + SiO2yH2O

Carbonation of C-S-H

Equation 10
Equation 11

This quantity of potentially-removed CO2 is around an order of magnitude less than the total quantity of CO2 that will be
generated. In reality the cement surfaces will carbonate to some extent, thereby slowing or preventing further
carbonation. For these reasons, the carbonation of cement is not likely to be a significant cause of CO2 partial pressures
being reduced in the repository.
1.6 Hydrogen Mass Balance - Summary
The generation of hydrogen within the repository requires water. Complete corrosion of metals to form hydrogen
requires significant water input from the rock. The rate of supply of this water will be limited by the low permeability of
the host rock. The postclosure safety assessment assumes that there will be enough water available to completely
corrode all the metal, as well as to support the complete degradation of the organics into gaseous species. The
subsequent fate of these gases within the repository is dominated by microbial processes.
The extent of sulphate reduction of hydrogen is controlled by the availability of sulphate. There is insufficient sulphate in
the system for hydrogen driven sulphate reduction to make a significant impact on the overall hydrogen inventory. This
is due to the low levels of sulphate (or equivalents) in the waste, control of pore water sulphate levels by anhydrite or
gypsum precipitation, and the low levels of saturation predicted within the repository. The contribution of sulphides
(pyrite) in the geosphere immediately adjacent to the facility is limited because it requires oxygen to produce sulphate,
and because the pore water sulphate levels generated by these oxidation processes would also be solubility controlled.
In these circumstances, methanogenesis would account for the bulk of hydrogen employing carbon dioxide generated
during organic degradation. These methanogenic reactions do not need to employ environmental carbonates in their
hydrogen oxidation reactions since there is sufficient microbially generated carbon dioxide to meet their needs.
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2. Limitation of Methanogenesis
2.1 Background
Methanogenesis is an important reaction in the long-term evolution of the repository. Methanogens are involved in two
important processes under anaerobic conditions:



degradation of organics, leading to CH4 formation and therefore increased amounts of gas; and
conversion of H2 and CO2 into CH4, and therefore reduced amounts of gas.

The DGR Preliminary Safety Report (OPG 2011) considers that in the long term, these reactions will occur because they
are energetically favored, because methanogens are widely distributed and would likely enter the repository with wastes
or other materials, and because the resulting methane-dominated gas mixture is consistent with natural analogs. The
assessment also assumed that organics completely degrade into gaseous end products, i.e., CO2 and CH4, which
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requires methanogens.
However, methanogen activity can be suppressed by various factors. If conditions did not allow methanogens, then the
conversion of carbon into gaseous end products would not be complete. There are a wide variety of potential
fermentation pathways that ultimately lead to a mixture of gaseous and non-gaseous end products (Demirel and Scherer
2008). The simplest fermentation pathway would be the direct generation of acetic acid which, in the absence of
subsequent methanogenesis, would generate greater overall volumes of gas (Equation 12). However in practice, in the
absence of methanogenesis, hydrogen will accumulate along with longer chain volatile fatty acids, e.g. propionic and
butyric acids (Chen et al. 2008). Ultimately the accumulation of hydrogen will favor fermentation pathways which do not
generate hydrogen (Batstone et al. 2002) (Equation 13); in this case the overall gas volumes are lower than that
associated with a complete degradation to methane and carbon dioxide (Equation 14). If these longer chain fatty acids
accumulate they may ultimately result in the inhibition of cellulose degradation (Siegert and Banks 2005) which will result
in an even greater reduction in overall gas generation.
C6H12O6 + 4H2O  CH3COOH + 8H2 + 4CO2

Glucose fermentation to acetic acid

Equation 12

C6H12O6  4/3H(CH2)2COOH + 2/3CH3COOH + 2/3H2O+ 2/3CO2
Glucose fermentation to propionic and acetic acid

Equation 13

C6H12O6  3CH4 + 3CO2 Glucose conversion to methane and carbon dioxide

Equation 14

In addition to methanogens, acetogenic bacteria convert hydrogen and carbon dioxide to acetic acid, which would reduce
the overall level of gas.
2CO2 + 4H2 CH3COOH + 2H2O

Acetogenesis

Equation 15

2.2 Suppression by Sulphides
The direct inhibition of microbial activity by hydrogen sulphide has been reported for a wide range of bacteria including
methanogens and sulphate reducing bacteria (Chen et al. 2008, O'Flaherty et al. 1998). Chen et al. (2008) stated that
inhibitory concentrations of dissolved sulphide for methanogens ranged from 100 to 800 mg/L (i.e., 100-800 ppm). In
situations where methanogens have had time to acclimatize to sulphide levels, limited inhibition has been reported up to
1000 mg/L free hydrogen sulphide (Chen et al. 2008, Isa et al. 1986).
However, in many environments the toxic effects of sulphide are mitigated by its precipitation as metal sulphides. The
low solubility of these sulphides controls the ambient sulphide concentrations experienced by individual bacteria. The
protective effect of metal sulphides on anaerobic and methanogenic systems has been extensively studied and is well
recognized in the anaerobic digestion industry (Isa et al. 1986).
In the DGR, sulphides may be present in the repository from groundwater seeping in from the rocks, or from hydrogen
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sulphide formed by reactions within the repository with hydrogen from metal corrosion.
Sulphides are present in the host rock at low levels in the form of pyrite (INTERA 2011). Some sulphides will therefore
enter the repository with the slowly-resaturating groundwater. However, the concentration of sulphide in pore waters will
be controlled by this mineral’s solubility, which is very low - sub-ppm levels under the natural reducing conditions. These
levels are below published inhibitory concentration of hydrogen sulphide on methanogens (Chen et al. 2008).
Hydrogen from metal corrosion could lead to the formation of hydrogen sulphide through various processes if there is
available sulphate. However, there are two restrictions on the amount of hydrogen sulphide present in the repository the amount of sulphate and the amount of Fe(II). The availability and limitations of sulphate are discussed in Section 1.3
above. The formation of hydrogen comes primarily from anaerobic corrosion of iron, which in turn also ensures that
Fe(II) is the dominant dissolved metal ion. This reacts with H2S to form iron sulphide via:
Fe(II) + H2S → FeS + 2H+

Equation 16

The actual stoichiometry of iron sulphide, represented here by FeS, may vary. FeS (mackinawite) is metastable and
would convert to other forms of “iron sulphide” with time; for example, the polysulphide pyrite FeS2, which would serve to
immobilize more S and would be even less soluble than FeS.
Iron sulphide precipitation is a rapid process (QUINTESSA and GEOFIRMA 2011). This rate is rapid enough that
provided sufficient dissolved iron is present, any H2S will effectively be precipitated instantaneously as a sulphide of iron.
Analogues, such as the anaerobic sub-surface environment of a degrading shipwreck (Fors et al. 2012) confirm that the
H2S produced by sulphate reducing bacteria can precipitate as inorganic iron(II) sulphides and pyrite in the presence of
soluble Fe(II) ions from corroding iron.
Using DGR specific numbers, the initial inventory of Fe is about 1.2 × 109 mol. Based on the sulphate in the
groundwater that would enter the repository by diffusion within 100,000 years, and sulphate in the wastes, a total of
1.8 × 107 mol H2S could be produced. Therefore, there will be sufficient corroded iron present that all of the H2S
generated could be precipitated. There is some uncertainty over how much iron would become locked up in other
corrosion products, such as Fe2O3 and Fe3O4, under the conditions within the repository. Nevertheless, there is
evidence that both of these mineral forms may be subject to direct and indirect microbial degradation under sulphate
reducing conditions due to the reaction with microbially generated sulphides (Li et al. 2006, Frankel and Bazylinski
2003). The average rate of H2S generation based on the supply of sulphates is two orders of magnitude smaller than the
average rate of corrosion of iron-based wastes, given that all the Fe in the repository will have corroded in <36,000 years
(taking the maximum corrosion time to be that reported for passive alloys, given in Box 6 on page 100 of QUINTESSA
2011). Therefore, it is likely that during the repository evolution there will always be sufficient dissolved iron present to
enable precipitation of H2S and maintain a low H2S concentration within the repository.
Therefore the presence of sulphides from the rock or from reactions with hydrogen within the repository is expected to be
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low enough that they will not prevent methanogens.
2.3 Suppression by Sulphate-reducing Bacteria
There are other microbial reactions that will consume H2 besides methanogens, notably sulphate-reducing bacteria
(SRBs). In general, if sulphate is present, SRBs would tend to out-compete methanogens for this hydrogen (Chen et al.
2008), although methanogens and SRBs can co-exist and be metabolically active (Lovley et al. 1982, Oremland and
Taylor 1978) possibly due to the utilization of different substrates (Mitterer 2010). It should also be noted that in a
diverse environment such as a low and intermediate level waste repository, there is ample opportunity for methanogens
and SRBs to be occupying spatially discrete niches allowing both to be metabolizing simultaneously.
However, the key point is that sulphate needs to be present. This is discussed in Section 1.3 above. Therefore, it is
concluded that there is not enough sulphate present to prevent methanogenesis. While SRBs will consume some of the
hydrogen, the bulk will be available for methanogenesis.
2.4 Suppression by Carbonate Dissolution
There is no obvious negative impact on methanogenesis that can be attributed to carbonate dissolution. In fact, the
presence of active methanogenic populations in carbonate sediments has received considerable attention since this is
one of the environments where methanogenesis in the presence of sulphate has been described (Mitterer 2010).
Some carbonate from the host rock will react with CO2 from the waste degradation, and dissolve into the water.
Calculations have shown that the total amount is small, and will not significantly change the repository volume
(QUINTESSA 2011, Appendix G). Furthermore, dissolved CO2 will be consumed by the reactions that involve the
cement present in the repository. As a result, there will be no significant change in the overall pH of the water present in
the emplacement rooms. Any increase in the acidity of the water within the repository would occur only locally. If this
occurred, conceivably there could be local inhibition of methanogenesis. However, this along with the high salinity in the
water would also inhibit many microbial reactions, including the gas-generating organic degradation reactions. The DGR
postclosure assessment assumes that microbes will adapt, and that microbial reactions will eventually occur where there
are favourable energy sources – this applies to both degradation reactions producing gases and to other reactions
consuming gases.
However, methanogenesis consuming H2 and CO2 can occur anywhere in the repository system, since the feed
materials are gases. In particular, these methanogens can be active in local environments or films on the surface of
waste packages where the water conditions may not be as saline as would be in the groundwater on the floor of the
repository. Some films could be saline due to deliquescence of salt dust (e.g. see Carroll et al. 2005), but other surfaces
may be sheltered and not saline.)
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2.5 Limitation of Methanogenesis – Summary
Methanogen activity can be suppressed by various factors. If conditions did not allow methanogens, then the conversion
of carbon into gaseous end products would not be complete and there would be less primary gas generation, as well as
less conversion of hydrogen gas.
With respect to sulphides, these are present in the host rock at low levels, but have very low solubility so will not prevent
methanogens within the repository. Hydrogen sulphide may be generated by reactions of hydrogen with sulphate in the
repository, but there will be enough Fe(II) present from the metal corrosion that produced the hydrogen to precipitate
sulphides within the repository.
With respect to sulphates, these are present in the host rock at low levels and may be produced as cation exchange
resins degrade. However, they will become available at slow rates, and will be small compared to the amount of
hydrogen available. There are also other reactions that can consume sulphates. Therefore methanogenesis is still
expected to occur.
The DGR Preliminary Safety Report considers that in the long term, methanogenic reactions will occur because they are
energetically favored, because methanogens are widely distributed and would likely enter the repository with wastes or
other materials, and because the resulting methane-dominated gas mixture is consistent with natural analogs. This
approach is also consistent with assuming that the organics completely degrade into gaseous end products, i.e., CO2
and CH4, which requires methanogens.
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3. Supercriticality
3.1 Possibility of Supercritical Fluids
The main gases in the repository would be H2, CO2 and CH4. At early times, H2 and CO2 would be more important, while
at long times, CH4 would be more important.
The measured natural temperature at the repository horizon is around 22°C (INTERA 2011, Appendix B). There is
insufficient decay heat or heat from other repository sources (e.g., concrete curing, waste decomposition) to raise the
temperature significantly for timescales of 1000 years or more when there would be significant amounts of gas present
(OPG 2011, Section 8.6.1). Climate change could result in a few degree C increase in temperature in the near term due
to global warming, and about ten degrees C decrease in the long term due to a glacial cycle (Peltier 2011, Section 4.2.1).
The temperature at the repository horizon will change more slowly than the surface temperature. Therefore, the
estimated temperature range at the repository is about 10 to 27°C over the next 0.1-1 million years.
Gas pressure in the repository will depend on several factors, including the extent to which the wastes and containers
fully degrade, the rate of gas permeation into the surrounding rock, and reactions of the gas with materials in the
repository and rock. Based on calculations presented in the Preliminary Safety Report (OPG 2011, Chapter 8), the total
gas pressure is expected to equilibrate at around 7-9 MPa in the long term; in part this is constrained by the hydrostatic
pressure at the repository horizon.
Comparing these conditions with the critical properties of the pure gases H2, CO2 and CH4, it is clear that H2 and CH4
would become supercritical as the gas pressure increases to the expected levels, but CO2 would not become
supercritical as the temperature will not reach 31°C at repository horizon for timescales of interest.
The actual gas in the repository will be an evolving mixture. The properties of this mixture would be generally
intermediate between those of the pure gases. If the gas is primarily an H2 and CH4 mixture, then it would become
supercritical. An H2 or CH4 gas mixture with appreciable but not majority CO2 may or may not become supercritical.
However, for reasons noted in the next section, this is not an important point as the mixture properties are not strongly
varying in the relevant conditions.
If there was sufficient CO2 gas, it is possible that a CO2 rich fluid could condense at high pressures. However, it is first
noted that a CO2 dominant gas is not expected in the repository. This case was not seen in any of the analyzed
scenarios. It would require suppression or consumption of H2 from steel corrosion, and no significant concomitant
production of H2 or CH4 with the CO2 from organic degradation. It also would require no significant loss of CO2 due to
carbonation with cement, or reaction with the carbonate rock and groundwater, or siderite formation (with Fe); all
processes that would increase in likelihood as the amount of CO2 increased. CO2 is expected to be present as a
secondary gas.
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Furthermore, examination of the binary vapor-liquid equilibria for H2-dominated or CH4- dominated mixtures with CO2
also indicate that the presence of these gases inhibits CO2 condensation as shown in Figure 2 below. In particular, there
would be no condensation of a CO2 rich fluid at repository temperature for gas mixtures with at least 50% H2 or CH4.

20

20

H2:CO2

CH4:CO2
31 C

15

31 C
20 C

15

25 C

15 C

17 C

P, MPa

P, MPa

IR#

10

5

‐3 C

10
5

0

0
0

0.2

0.4
0.6
0.8
Composition, xH2

1

0

0.2

0.4
0.6
0.8
Composition, xCH4

1

Figure 2: Binary phase equilibrium data for H2:CO2 and CH4:CO2 mixtures at temperatures around 22°C
(Bezanehtak et al. 2002, Xu et al. 1992)
3.2 Implications of Supercritical Fluids
As noted above, it is likely that the repository gas mixture will become supercritical, certainly for the likely long-term
conditions of primarily CH4 at several MPa total pressure. However, supercriticality means that there is no phase
change, i.e. no abrupt change in properties, as the pressure and/or temperature increase. The mixture continues to
behave as a gas, but with an increasing departure from ideality as pressure increases.
It may be noted that at least one current large-scale gas migration experiment is in the supercritical regime. In particular,
the SKB LASGIT project is studying gas migration through bentonite around a full-scale used fuel disposal container.
The gas experiments have been conducted with He or Ne at up to 5.5 MPa and ambient temperatures, conditions at
which both these gases are supercritical (critical point is 5.2 K and 0.2 MPa for He, 44 K and 2.8 MPa for Ne). (The
Swiss Mont Terri HG-A experiment on gas transport in sedimentary rock has used 1.2 MPa of N2, which is below its
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critical pressure of 3.4 MPa.)
The degree of non-ideality can be estimated through the compressibility factor Z
Z=pV/nRT

Equation 17

where P is gas pressure, V is volume, n is moles of gas, R is the universal gas constant, and T is temperature. In this
case, Z=1 means ideal gas behavior, Z>1 means that the gas is less dense than an ideal gas, while Z<1 indicates the
gas is denser. Z < 1 is favorable for the DGR since it means a lower gas pressure for a given amount of gas-phase
material.
This non-ideality will also vary with the mixture composition. The properties of this mixture would be generally
intermediate between those of the pure gases. Table 1 summarizes some relevant properties.
Table 1 shows that modeling the gas in the repository as an ideal gas is accurate to within about 30% for relevant
conditions, as long as the gas has a significant H2 or CH4 component. This is the expected case. Hydrogen would
always be close to ideal. Pure methane would be about 30% denser at high pressures than was assumed in the
postclosure safety assessment, which means the gas pressure would be lower than estimated since the amount of gas is
fixed. That is, the assumption of ideal gas behavior for methane is conservative for estimating gas pressure.
Pure CO2 is not expected in the repository for reasons noted above, but would not behave as a supercritical gas under
repository conditions because the temperature is too low; however, it would condense as pressure increased. Whether
CO2 is present as a gas or as a condensed liquid, Table 1 shows that CO2 would be denser than an ideal gas, which
would in turn mean that the gas pressure estimated in the DGR models is higher than would be the case in reality.
In summary, for the repository conditions with temperatures around 22°C and with H2 or CH4 dominated gas mixtures,
Table 1 shows that the assumption of ideal gas behavior is reasonable (H2) or conservative (CH4) with respect to
estimating DGR gas pressures.
Table 1: Compressibility Factor Z for Gases under Various Pressures at 22°C +*
Total Pressure
0.1 MPa
1 MPa
7 MPa
10 MPa

H2
1
1.0013
1.013 *
1.02 *

50:50 H2:CO2
1
0.98
0.89
0.86

CO2
1
0.95
0.21
liquid at 22°C
0.27 at 32°C *

40:60 CO2:CH4
1
0.97
0.79
0.70

CH4
1
0.97
0.80 *
0.73 *

+ Values for pure gases were calculated with the SRK equation of state (Pruess and Battistelli 2002). Values for 40:60
CO2:CH4 are calculated from gas density data in Mondejar et al (2012). Values for 50:50 H2:CO2 were calculated using the
AGA-8 formula implemented at http://www.gas.naverex.kiev.ua/AGA8_calc.htm at 0°C.
* Supercritical conditions for pure gas are shaded.
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In addition to density, another important property of the gases that could be affected by supercritical conditions is the
viscosity, since this affects the gas mobility. Values of viscosity for various pure gases are listed in Table 2. These show
that as the gases increase in pressure and become supercritical, their viscosity increases slowly - except again for CO2
when it transitions to a liquid and its viscosity increases rapidly. The viscosity of gas mixtures would be generally
intermediate between those of the pure gases. For the likely DGR conditions of H2 or CH4 dominated mixtures, the
viscosity will increase as pressure increases.
Table 2: Viscosity of Gases at Various Pressures at 22°C [kg/m-s] + *
Total Pressure
0.1 MPa
1 MPa
7 MPa

H2
8.80E-6
8.81E-6
8.90E-6

50:50 H2:CO2
1.5E-5
1.6E-5
1.7E-5

10 MPa

8.95E-6

1.8E-5

CO2
1.46E-5
1.50E-5
7.34E-5
8.3E-5 at 20°C
6.0E-5 at 32°C

40:60 CO2:CH4
1.3E-5
1.3E-5
1.5E-5

CH4
1.09E-5
1.10E-5
1.23E-5

1.8E-5

1.35E-5

+ Values for pure gases are from Vargaftik (1975) at 20°C. Values for mixed gases at 0.1 MPa are data from Li et al (2011) at
25°C and 50:50. Values for mixed gases at higher pressures are estimated using the Dean and Stiel (1965) formula at 22°C,
using densities calculated from data in Table 1.
* Supercritical conditions for pure gas are shaded.

The mobility of a fluid through a given porous medium such as rock or seals is characterized by its hydraulic conductivity.
(Although this label strictly applies to water, the parameter definition is general. The parameter is referred to here as
“hydraulic conductivity” for convenience; the term “absolute permeability” may also be used for general fluids.) This is
related to the rock or seal intrinsic permeability through:
hydraulic conductivity = (density) * (gravity acceleration) * (intrinsic permeability) / (viscosity)

Equation 18

Therefore for a porous media with a measured permeability, the relative change in hydraulic conductivity as the gas
properties change (including becoming supercritical) can be calculated. Using information from Table 1 and 2 above,
then the hydraulic conductivity of pure gases at high pressures relative to the hydraulic conductivity at 0.1 MPa is given
in Table 3. These results indicate that for the likely DGR conditions of H2 or CH4 dominated mixtures, hydraulic
conductivity changes are relatively small over the pressure range of interest.
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Table 3: Hydraulic Conductivity of Gases at Various Pressures at 22oC Relative to
Value at 0.1 MPa *
Total Pressure
0.1 MPa
1 MPa
7 MPa

H2
1
0.998
0.98

50:50 H2:CO2
1
-

10 MPa

0.96

-

CO2
1
1.02
0.95
Liquid at 20°C
0.90 at 32°C

50:50 CO2:CH4
1
-

CH4
1
1.02
1.11

-

1.11

* Supercritical conditions for pure gas are shaded.

3.3 Implications of a CO2-rich Liquid
Supercritical CO2 will not form in the repository because the temperature will be too low. Also, for reasons noted above
(i.e. H2 or CH4 dominated gas conditions), no CO2-rich liquid is expected to form in the repository. However, if such a
liquid formed, it would have the following general implications.
The formation of a liquid phase would result in lower total pressure within the repository than is calculated based on the
assumption that only a gaseous phase is present, since the liquid phase would be denser than an all-gas phase.
The CO2 liquid would be lighter than the water, so would float on top of any water that accumulated in the repository.
However the gas phase already considered in the postclosure assessment is also layered on top of the water. There
would continue to be a gas phase on top of the liquid phases in the repository.
The CO2 liquid would have a greater ability to dissolve organics than water. However, the DGR postclosure safety
assessment does not take any credit for solubility or sorption limits within the repository itself, so this aspect has no
impact on the assessment results.
The viscosity of the CO2 liquid would be greater than that of the gas phase, but less than liquid water. From the above
equation linking permeability and viscosity, it can be appreciated that this lower viscosity of CO2 would tend, for a given
set of conditions, to mean that a given rock is more permeable with respect to liquid CO2 than with respect to liquid
water. To some extent, this would be counteracted by the lower density of liquid CO2 under the given set of conditions,
compared with that of liquid water. Taking data in Fenghour et al. (1998) and CRC Press (2006), it can be calculated
that a given rock at a temperature of 30°C and pressure of 7.5 MPa would be about 15 times more permeable with
respect to pure liquid CO2 than with respect to pure liquid water. However, the Cobourg Formation has extremely low
permeability (horizontal hydraulic conductivity is only 1 x 10-14 m/s; INTERA 2011). Additionally, in order to flow from the
emplacement rooms through the host rock, the CO2 would need to displace brine that already occupies the pore space
of the Cobourg Formation. Owing to the low relative permeability of CO2 and the high capillary entry pressure that would
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be needed, the effective permeability of the Cobourg Formation with respect to the CO2 would in fact be very much lower
than that for pure water (Bennion and Bachu 2007, Plug et al. 2008). Thus, CO2 would not flow significantly through the
Cobourg Formation.
The long-term retention of CO2 by similarly low-permeability caprocks has been researched extensively in recent years
during projects aimed at permanent underground storage of anthropogenic CO2 in order to mitigate climate change (e.g.
IPCC (2005) and references therein, Bennion and Bachu 2007). There is evidence from analyses and demonstration
CO2 storage projects that a well-chosen storage reservoir with an effectively impermeable seal such as a mudrock
formation will contain CO2.
Therefore formation of a CO2-rich liquid, while not expected, would not significantly change the long-term repository
performance.
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4. Summary
There are two main topics addressed in this IR response: (1) suppression of methanogenesis by sulphates or sulphides,
and (2) supercriticality.
With respect to sulphides, these are present in the host rock at low levels, but have very low solubility so will not prevent
methanogens within the repository. Hydrogen sulphide may be generated by reactions of hydrogen with sulphate in the
repository, but there will be enough Fe(II) present from the metal corrosion that produced the hydrogen to precipitate
sulphides within the repository.
With respect to sulphates, these are present in the host rock at low levels and may be produced as cation exchange
resins degrade. However they will become available at slow rates, and will be small compared to the amount of
hydrogen available. There are also other reactions that can consume sulphates. Therefore methanogenesis is still
expected to occur.
With respect to supercriticality, it is expected that the gas mixtures will eventually transition to supercritical conditions as
pressures approach the expected peak values around hydrostatic pressure. However, the behavior of the gases in the
DGR will not change dramatically. For the DGR conditions, the assumption of ideal gas behavior in the models is,
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depending on the gas mixture, a reasonable approximation or conservative with respect to calculated peak pressures.
Supercritical CO2 will not occur at the measured and expected DGR temperatures.

EIS 09-405

 Section 11.5.6,
Worker Health
and Safety
 Section 12,
Malfunctions and
Accidents

Information Request:
Assess the likelihood of pressure buildup and/or corrosion-induced container failure leading to gas releases and any
potential consequences on worker exposures during operation of the proposed repository.
Provide an evaluation of the use of container venting to prevent pressure-induced container failure in cases where high
gas buildups may be anticipated.
Context:
In general, OPG predicts that the repository will remain relatively dry, which will impede microbial gas generation during
the post-closure. Although it is likely that the repository will remain dry because of the tightness of the surrounding rock
wall, it remains that in some wastes such as resins, water content ranges from 40 to 50%, which means that there is
potential for gas generation through corrosion and oxidation of cellulosic material.
These two microbial-mediated processes could lead to gas pressure build-up and container failure and expose workers
to radioactive gas.
OPG Response:
Likelihood of Pressure Buildup and Container Failure
Container venting is considered as part of the DGR design basis. The DGR waste acceptance criteria (OPG 2011,
Table 5-5) state that:
“Venting - where the potential for gas build-up exists and containers are not designed to withstand the pressure,
the containers shall be vented.”
With respect to the risk of container failure due to gas pressure, consider the three main categories of wastes to be
placed in the DGR: LLW, ILW resins, and metallic components. The likelihood of gas pressure buildup during DGR
operation is assessed for each below.


Most of the waste volume is LLW, which in general is the most likely to generate gas since it contains the most
cellulosic and other organic material and is usually stored in carbon steel based containers. A significant fraction
of the original LLW is incinerated and only the ash is placed in storage, so the gas generation potential is
reduced. For the DGR, most LLW will be placed in closed but not sealed LLW containers, so no pressure
buildup is anticipated.
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ILW ion exchange (IX) resins are based on a water resistant cross-linked polymer backbone. Most of the water
associated with the IX resins is bound in the resin matrix. The polymers themselves are “nuclear grade” plastics
and not readily degradable, so these will not generate gas as readily as cellulosic materials in LLW. However
some gas generation is expected, notably in older carbon steel containers (current containers are stainless
steel). As part of retrieval of resin containers for transfer from the Western Waste Management Facility (WWMF)
to the DGR, they will be inspected and vented if appropriate. This is consistent with recent practice at WWMF,
where as of 2008, about 400 older ILW resin containers were removed from storage at WWMF and placed in
stainless steel resin overpacks. As part of that process, they were first vented before handling.



Retube wastes are in sealed containers, but these are dry metal parts made from corrosion resistant zirconium
and stainless steel, and significant gas generation is not expected. Similarly irradiated core components,
feeders and steam generators wastes are dry metallic wastes and not expected to generate significant gas
during operation of the repository.

Over the 40+ years of operations at the Western Waste Management Facility (WWMF), there have been no incidents
involving gas pressure-induced container failure. As part of retrieval of waste packages from the WWMF for transfer to
the DGR, the waste package conditions will be assessed. Containers that are considered to be in poor condition will be
overpacked and/or vented prior to transfer to the DGR.
Therefore, gas pressure build-up in the container leading to container failure during DGR handling and operations is
unlikely.
Potential Consequences on Workers During Operation
The potential consequences are either local exposure of workers due to failure and gas release from a container during
handling, or general exposure of workers due to an increase in the background radioactivity level within the repository
due to gas release from containers after emplacement. These are each discussed below.
Container failure due to gas pressure buildup or corrosion would result in a breach. The consequences of container
breach during handling are assessed in the Preliminary Safety Report (OPG 2011, Section 7.5, Tables 7-39 and 7-40).
The results were found to be within worker dose criteria, with a dose of less than 1 mSv for a single package breach.
Most containers are not expected to be sealed, as described above. Consequently, the reference design for the
repository assumes there is a steady release of gaseous radionuclides (H-3 and C-14) from the containers until such
time as a panel is closed, fully isolating a set of waste emplacement rooms. Filled emplacement rooms are continuously
vented until panel closure to mitigate against any gas buildup within the rooms. The consequences on workers from this
gas release was assessed in OPG (2011, Section 7.4.3). The estimated maximum annual dose to a worker due to
inhalation of H-3 and C-14 containing gases, given in Table 7-17 of OPG (2011), is about 0.1 mSv/a, much less than
OPG’s worker dose target of 10 mSv/a.
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Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS 09-406

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a detailed explanation of how air emissions from the incinerator operated by the WWMF under its current CNSC
operating licence and Certificate of Approval from Ontario MOE were included in the baseline emissions used in the
modelling of DGR air emissions. Include a discussion of the relative contribution of incinerator emissions to the baseline
and compare incinerator emissions to the incremental emissions predicted from the DGR.
Context:
The response to EIS 04-104 did not provide the requested information on the potential effects of current air emissions
from the incinerator operated by the WWMF.
OPG Response:
The incinerator operated by OPG at the Western Waste Management Facility (WWMF) has been in operation under its
current Ministry of the Environment Certificate of Approval (C of A) (air) since 2002, and has operated safely within the
conditions of the C of A. The DGR Project will not result in changes to the operation of the incinerator or the volume
characteristics of waste incinerated.
Non-radiological Emissions
Air emissions from the incinerator operated by OPG at the WWMF were included in the modelling of existing (baseline)
conditions, as described in the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011,
Section 5.4.2.1 and Appendix F). The existing daily emission rates from the sources at the Bruce nuclear site were
presented in the Atmospheric Environment TSD (GOLDER 2011, Table 5.4.2-1), with the column labeled as WWMF
emissions representing the emissions from the incinerator. The WWMF incinerator was modelled as a point source,
using the characteristics listed in the point source summary table of the Atmospheric Environment TSD (GOLDER 2011,
Appendix F, Table F4.4.1-1). The source was assumed to operate 24 hours a day, using emission factors from the
C of A (GOLDER 2011, Table F4-1).
Table 1 provides the relative existing emissions of the indicator compounds from the sources at the Bruce nuclear site,
as taken from those presented in the Atmospheric Environment TSD (GOLDER 2011, Table 5.4.2-1). The table also
indicates the percentage of the existing emissions of the indicator compounds that come from the WWMF incinerator.
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Table 1: Relative Contribution of the WWMF Incinerator to the Existing Emissions at the Bruce Site
Source
Bruce Power

Indicator Compound Emissions (kg/day)
NOX

SO2

CO

SPM(b)

PM10

(c)

PM2.5

(d)

2,442.02

5,921.84

282.86

485.16

411.41

270.09

WWMF(a)

6.05

1.73

0

0.27

0.27

0.27

Passenger Vehicles

0.36

0

7.11

0.02

0.02

0.01

0.64

0.11

0

486.09

411.81

270.37

0.06

0.07

0.10

Fugitive Dust
—
—
—
Total Existing
2,448.43
5,923.57
289.97
Emissions
WWMF incinerator as a %
0.25
0.03
0.00
of total existing emissions
Notes:
— No emissions
(a) Emissions from the WWMF were all assumed to occur from the incinerator
(b) Suspended Particulate Matter (SPM)
(c) Particulate Matter <2.5 microns
(d) Particulate Matter <10 microns

The incremental indicator compound emissions for the bounding stage of the site preparation and construction phase are
presented in the Atmospheric Environment TSD (GOLDER 2011, Table 8.2.3-2). These numbers are reproduced in
Table 2, and compared with the WWMF incinerator emissions. In most cases, the WWMF incinerator emissions are
relatively small when compared with the incremental DGR emissions (e.g., NOX emissions from the incinerator are 0.025
times as large as the incremental NOX emissions from the DGR Project). The one exception is the incinerator emissions
of SO2, which are 3.5 times as large as the SO2 emissions from the DGR Project. However, the emissions of SO2 from
the incinerator only represent a very small fraction (i.e., 0.03%, see Table 1) of the existing emissions at the Bruce
nuclear site.
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Table 2: Comparison of WWMF Incinerator Emissions to the Incremental DGR Site Preparation and
Construction Phase Emissions
Source

Indicator Compound Emissions (kg/day)
NOX

SO2

CO

SPM

PM10

PM2.5

Shafts

31.91

0.06

27.19

1.72

1.7

1.68

Vehicles

5.25

0.02

12.09

0.19

0.19

0.18

—

—

—

197.87

39.91

22.97

Fugitive Dust
Site Equipment

206.31

0.41

129.28

7.47

7.47

7.47

Total DGR Emissions

243.47

0.49

168.56

207.25

49.27

32.3

WWMF incinerator
emissions(a)

6.05

1.73

0

0.27

0.27

0.27

Ratio of WWMF incinerator
emissions to incremental
DGR emissions

0.025

3.5

0.000

0.001

0.006

0.008

Notes:
— No emissions
(a) The WWMF incinerator emissions are listed in Table 1. The WWMF incinerator is an existing approved source, and is not
part of the DGR Project.

The incremental indicator compound emissions for the operations phase are presented in the Atmospheric Environment
TSD (GOLDER 2011, Table 8.2.3-3). These numbers are reproduced in Table 3, and compared with the WWMF
incinerator emissions. As with the comparison to the site preparation and construction phase emissions (Table 2), the
WWMF incinerator emissions are relatively small when compared with the incremental DGR emissions (e.g., NOX
emissions from the incinerator are 0.175 times as large as the incremental NOX emissions from the DGR Project). The
one exception is the incinerator emissions of SO2, which are 34.6 times as large as the SO2 emissions from the DGR
Project. However, the emissions of SO2 from the incinerator only represent a very small fraction (i.e., 0.03%, see
Table 1) of the existing emissions at the Bruce nuclear site.
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Table 3: Comparison of WWMF Incinerator Emissions to the Incremental DGR Operations Phase Emissions
Sources

Indicator Compound Emissions (kg/day)
NOX

SO2

CO

SPM

PM10

PM2.5

Vent Raise

5.92

0.01

4.31

0.33

0.33

0.33

Emergency Generator

19.71

0.02

12.2

0.7

0.7

0.7

Vehicles

0.04

0

0.82

0

0

0

—

—

—

0.13

0.02

0

Site Equipment

8.87

0.02

5.78

0.37

0.37

0.37

Total DGR Emissions

34.54

0.05

23.11

1.53

1.42

1.4

WWMF incinerator
emissions(a)

6.05

1.73

0

0.27

0.27

0.27

Ratio of WWMF
incinerator emissions to
incremental DGR
emissions

0.175

34.600

0.000

0.177

0.190

0.193

Fugitive Dust

Notes:
— No emissions
(a) The WWMF incinerator emissions are listed in Table 1. The WWMF incinerator is an existing approved source, and is not
part of the DGR Project.

Radiological Emissions
Radiological emissions from the site were considered in the Radiation and Radioactivity TSD (AMEC NSS 2011), and
the potential effects of radiological air emissions were evaluated in terms of dose from all sources at the Bruce nuclear
site. Radiological stack emissions from the Bruce nuclear site, including the WWMF are reported in the Bruce Power
annual radiological environment monitoring reports; the latest report was used for the DGR baseline (BRUCE POWER
2010, Table 2.2.1a), and the data are reproduced in Table 4. The comparative contribution of the WWMF incinerator to
the existing monitored site emissions is also presented in Table 4, along with the ratio of the incinerator emissions to the
projected peak emissions from the DGR Project in 2023. The year 2023 was used as it is the year with the projected
highest emissions from the DGR Project (based on 5 years for transfer of wastes from WWMF to DGR).
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Table 4: 2009 Annual Airborne Emissions Data from the Bruce Nuclear Site
Source

Emissions (Bq/yr)
Tritium Oxide

Noble Gas

I-131

Particulates

C-14

Bruce A

9.28E+14

1.07E+14

1.78E+07

8.32E+06

7.90E+11

Bruce B
Central Maintenance and
Laundry Facility (CFLM)
WWMF

4.63E+14

3.63E+13

4.23E+07

1.13E+08

1.66E+12

8.85E+09

2.59E+05

4.77E+05

4.95E+13

6.45E+04

4.08E+04

3.92E+09

Total Existing Emissions
1.44E+15
1.44E+14
6.04E+07
1.22E+08
2.45E+12
WWMF incinerator(a) as a %
of total existing Bruce nuclear
3.44
0.00
0.11
0.03
0.16
site emissions
Projected DGR Emissions
1.4E+13
ND
ND
NE
1.9E+12
(2023)
Ratio of WWMF incinerator to
3.53
ND
ND
NE
0.0021
projected DGR emissions
Notes:
ND No Data
NE None Expected
(a) Emissions from the WWMF were all assumed to occur from the incinerator. The WWMF incinerator is an existing approved
source, and is not part of the DGR Project

■

Not applicable

There are several airborne emission sources at the WWMF. The airborne emission monitoring program at the WWMF
includes the following emissions (OPG 2010):




The Waste Volume Reduction Facility (WVRB) radioactive waste incinerator stack and ventilation exhaust stack
are monitored for tritium, particulate and iodine 131 (I-131) emissions. Carbon 14 (C-14) emissions are
monitored on the incinerator stack only.
The Transportation Package Maintenance Building (TPMB) ventilation stack is monitored for tritium and
particulate emissions.
The Western Used Fuel Dry Storage Facility (WUFDSF) ventilation stack is monitored for particulate emissions.

As indicated in OPG’s response to Information Request EIS-07-287 (OPG 2012a), the incinerator is the primary
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contributor to WWMF measured airborne emissions. Therefore, for the purposes of Table 4 and the following
discussion, the WWMF incinerator emissions were assumed to be equal to the total WWMF emissions.
The calculated contributions of the WWMF incinerator and the DGR to the C-14 and Tritium Oxide concentration at
BF14, the critical group identified in Bruce Power REMP (BRUCE POWER 2010), are summarized in Table 5. These
concentrations are based on the 2009 WWMF incinerator emissions and the projected 2023 DGR emissions from the
Preliminary Safety Report (PSR) (OPG 2011, Table 7-10), as shown in Table 4. The year 2023 was used as it is the
year with the projected highest emissions from the DGR Project (based on 5 years for transfer of wastes from WWMF to
DGR). In the years before and after 2023, DGR emissions are lower. Table 5 also shows the ratio of concentrations of
C-14 and Tritium Oxide at BF14 location due to emissions from the WWMF and the DGR Project.
Table 5: Estimated Concentrations of C-14 and Tritium Oxide at BF14 Due to the
Operation of WWMF and DGR
Tritium Oxide

Facility

C-14

Bq/m³
Bq/m³
WWMF
2.40E-01
1.88E-05
DGR
4.07E-02
5.52E-03
Ratio of concentration due to the
5.90
0.003
operation of WWMF/DGR
Note:
The concentrations were estimated using the computer code IMPACT 5.4.0 based on the emission
rates presented in Table 4. The same computer code was used to respond to Information Requests
EIS-06-242, EIS-06-243 and EIS-06-245 (OPG 2012b).

The dose to adult at BF14, due to the emissions of C-14 and Tritium Oxide from the incinerator stack, was estimated to
be 0.1 µSv/y. This is only 2.3% of 4.4 µSv/y, the total dose received by adult at BF14 in year 2009 (BRUCE POWER
2010).
As shown in Table 4 above, WWMF incinerator emissions are a small fraction of the total releases from the Bruce
nuclear site. The WWMF incinerator emissions are expected to continue at similar levels as long as the incinerator is
operating. The estimated DGR tritium oxide and C-14 air emissions initially increase as wastes are emplaced, and then
decrease with time due to decay, and as panels are isolated by closure walls in the DGR. In all cases, the estimated
releases of tritium oxide and C-14 due to the DGR are much smaller than the preliminary DGR Derived Release Limits
which are shown in the Preliminary Safety Report (OPG 2011, Table 7-3). Once all the low and intermediate level waste
has been transferred to the DGR and the shafts sealed, there will be no emissions from the DGR.
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References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. Bruce Power
report B-REP-03419-00010 R000.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2010. Nuclear Waste Management Division Western Waste Operations, Quarterly Operations Report, Fourth
Quarter – 2009. Ontario Power Generation report W-REP-00531.1-00054-R000. Toronto, Canada.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)
EIS 09-407

 Section 7.3,
Alternative
Means of
Carrying out the
Project

Information Request:
Provide a clear and complete explanation for the reasoning behind the scoring for each criterion used to evaluate
alternative means.
Context:
The explanation of the scoring system in the response to EIS 03-49 is not adequate. Since professional judgement was a
major component of the scoring exercise, transparency with respect to how each criterion was scored is necessary.
OPG Response:
In most cases, the supporting data and/or information available were sufficient to make the ranking of each alternative
apparent and transparent. In these cases, professional judgement was not relied on, and the rankings could be readily
understood and agreed upon without need for specific expertise. However, there were a limited number of cases where
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data and/or applicable information were supported with professional judgement based on relevant specific expertise.
Tables 3.4.2-1 and 3.4.3-1 of the Environmental Impact Statement (EIS) (OPG 2011a) have been restructured and
presented as Table 1 (siting of repository) and Table 2 (selection of repository horizon) to provide examples of the
reasoning behind the evaluation for alternative means that relied primarily on data and/or applicable information.
Example criteria from each table and the corresponding scoring are discussed briefly below.
Siting Alternatives On and Off the Bruce Nuclear Site – Socio-economic Criteria
When comparing the siting alternatives for the DGR Project (see Table 1 attached) relative to the socio-economic
criteria, municipal support for the construction and operation of the DGR on the Bruce nuclear site is evident through:




the Municipality of Kincardine’s request to Ontario Power Generation (OPG) to consider options for the long-term
management of the low- and intermediate-level waste (L&ILW) stored at the Western Waste Management
Facility (WWMF) located on the site;
the Memorandum of Understanding between Kincardine and OPG to set out the terms; the Kincardine Council
resolution to request OPG to pursue a DGR on the Bruce nuclear site; the Hosting Agreement between OPG
and Kincardine that allows for the construction and operation of a DGR on the Bruce nuclear site; and
the independent polling results that show that the majority of Kincardine residents are in favour of the DGR
Project.

Further, it is evident that the community is knowledgeable about the project since the Independent Assessment Study
(GOLDER 2004) of four long-term management concepts for the site and the subsequent Community Consultation by
the Municipality of Kincardine served to provide an opportunity to inform and obtain input from Kincardine permanent and
seasonal residents. The EIS (OPG 2011a, Section 2) provides information on the engagement program.
Communication with the local First Nations was facilitated through, among other things, a Memorandum of
Understanding in 2004 and a Protocol Agreement in 2009 which provided resources for the Saugeen Ojibway Nation
(SON) to conduct an independent peer review of the Independent Assessment Study and participate in the
environmental assessment process, and support for the establishment of the SON’s Environmental Office to interface
with the DGR Project. Meetings and briefings with SON Council, workshops and open houses were also held.
In contrast, no other municipalities came forward as willing hosts for the DGR. It is clear that location of the DGR on the
Bruce nuclear site is the preferable siting alternative when compared to an unknown off-site location. Therefore, a
ranking of 1 was assigned to the on-site alternative and a ranking of 2 was assigned to the off-site alternative.
Repository Horizon Alternatives – Technical Criteria
Evaluation of the repository horizon alternatives required an assessment of whether or not the rock characteristics were
suitable to support construction and operation of the DGR. Both host rock formation alternatives are characterized by a
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number of properties favourable to deep geologic disposal; however, limestone has greater geomechanical stability and
shale is susceptible to swelling and spalling. Therefore, the middle Ordovician limestone formation was assigned a
ranking of 1 as it is relatively preferred for technical reasons and the upper Ordovician shale formation was assigned a
ranking of 2. In this example, professional judgement made use of actual data collected through site-specific
geoscientific investigations as well as experience gained by others through other underground excavation and
construction projects in comparable rock formations.
References:
GOLDER. 2004. Independent Assessment of Long-term Management Options for Low and Intermediate Level Wastes
at OPG’s Western Waste Management Facility. Golder Associates Ltd. report 03-1115-012.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
MARCH. 2011. Preliminary Conventional Safety Assessment. March Consulting Associates Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-37 R000. Toronto, Canada. (CEAA Registry Doc #300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG and Municipality of Kincardine. 2004. DGR Hosting Agreement Between Ontario Power Generation and
Municipality of Kincardine.
SENES. 2011. Preliminary ALARA Assessment. SENES Consultants Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-36 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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Table 1: Comparison of Site Alternatives On and Off of the Bruce Nuclear Site
(associated with OPG response to IR-EIS-09-407)
Criteria

Rating

Rationale

References

There are sufficient lands on the Bruce nuclear site and Ontario Power Generation (OPG) owns and manages these lands.
Economic
Does OPG Need to Invest Additional
Funds?

Worker Health and Safety
Can it be constructed and operated in
a manner that protects worker health
and safety?

The on-site alternative was
assigned a rating of 1.
The off-site alternative was
assigned a rating of 2.

Both siting alternatives
were assigned an equal
rating of 1.

Most of the waste to be placed in the DGR is currently stored at OPG’s Western Waste Management Facility (WWMF)
located on the Bruce nuclear site. Additional costs would be incurred if these wastes had to be transported to a location
off-site.
OPG may not own or control sufficient property off-site where suitable host rock exists. Additional costs could also be
incurred if OPG had to purchase or lease lands off-site.

Construction and operation of the DGR in a manner that protects worker health and safety can be accomplished whether
DGR is located on or off the Bruce nuclear site.

The DGR can be constructed and operated in a manner that protects the health and safety of the public whether it is built
on the Bruce nuclear site or off-site.
Public Health and Safety
Can it be constructed and operated in
a manner that protects public health
and safety?

The on-site alternative was
assigned a rating of 1.
The off-site alternative was
assigned a rating of 2.

–

However, the DGR can be constructed on the Bruce nuclear site so that its boundaries do not extend beyond the existing
Bruce nuclear site.
In addition, OPG’s WWMF, where the waste to be placed in the DGR is currently stored and where waste will continue to
be processed, is located on the Bruce nuclear site. The WWMF and adjacent lands have operated safely as a nuclear
facility for approximately 40 years and there is existing security infrastructure in place at the site.
By using a location within the Bruce nuclear site adjacent to the WWMF, potential exposures associated with the
transportation of wastes stored at the WWMF to a repository off-site are eliminated.

MARCH. 2011. Preliminary Conventional Safety
Assessment. March Consulting Associates Inc.
report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-37 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. OPG’s Deep Geologic
Repository for Low and Intermediate Level
Waste – Preliminary Safety Report. Ontario
Power Generation report 00216-SR-0132000001 R000. Toronto, Canada. (CEAA
Registry Doc# 300)
SENES. 2011. Preliminary ALARA
Assessment. SENES Consultants Ltd. report for
the Nuclear Waste Management Organization
NWMO DGR-TR-2011-36 R000. Toronto,
Canada. (CEAA Registry Doc# 300)

Feasibility studies indicated that the geology was likely suitable and consistent within the Bruce nuclear site as well as
off-site within the Regional Study Area.

Technical
Is there suitable host rock?

The on-site alternative was
assigned a rating of 1.
The off-site alternative was
assigned a rating of 2.

Site-specific geologic, hydrogeologic and geomechanical data were collected as part of the DGR Geoscientific Site
Characterization Program. It was found that beneath the Bruce nuclear site there are competent rock formations within the
sedimentary sequence that will ensure long-term safety. These rock formations are characterized by a number of
properties favourable to deep geologic disposal, including:








predictable rock strata;
geologic stability;
low permeability of proposed host rock;
protection of near-surface freshwater aquifer;
stagnant deep groundwater flow system;
good constructability and flexibility of host rock; and
low resources for oil, gas, minerals and drinkable water.

Subsequent geoscientific investigations have confirmed that there is suitable host rock on the Bruce nuclear site.
However, site-specific data are not available to verify the presence of suitable host rock at off-site locations.
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Criteria

Rating

Physical / Biophysical Environment

The on-site alternative was
assigned a rating of 1.

What is the likely nature of
environmental effects?

The off-site alternative was
assigned a rating of 2.

Rationale
The DGR Project site is located on a vacant, previously disturbed portion of the Bruce nuclear site. The likely
environmental effects of constructing the DGR on the Bruce nuclear site would be typical of a large construction project.
No other communities came forward as willing hosts for a DGR off the Bruce nuclear site. Since a specific location off the
Bruce nuclear site has not been considered in detail, the likely environmental effects at an alternative location are not
known. However, it is likely that the site would not have been previously disturbed and could affect agricultural resources
(i.e., take out of service land currently used for agricultural purposes).
In 2001, the Municipality of Kincardine requested OPG to undertake studies with them, to assess the feasibility of options
for the long-term management of the OPG’s L&ILW. In 2002, a Memorandum of Understanding between the parties set
out the terms. An independent assessment examined the costs, impacts, and benefits of constructing and operating each
of four long-term management concepts on the Bruce nuclear site, including a DGR; and status quo. This Independent
Assessment Study concluded that all four options were technically feasible and could be safely constructed and operated
at the site. However, some options could not manage the long-lived ILW. All options were assessed in terms of
environmental impacts, economic benefits, public attitude and tourism, with favourable conclusions. Communication
activities (e.g., stakeholder briefings, a newsletter to the residents of Kincardine and neighbouring municipalities, a projectspecific web site, a round of five open houses, and communication with the local First Nations) were conducted throughout
the study to inform stakeholders and the public of the study, and obtain their comments on the long-term management
options

Socio-economic Environment
Is there community support?
Is the community knowledgeable?

The on-site alternative was
assigned a rating of 1.
The off-site alternative was
assigned a rating of 2.

References

As a result, Kincardine Council passed a resolution requesting OPG to pursue a DGR for L&ILW, citing reasons that this
option offered the highest margin of long-term safety among the four technical options studied, was consistent with
international best practice, provided economic benefit to the residents of the municipality, and offered a permanent solution
for all L&ILW.
In 2004, OPG and Kincardine signed a Hosting Agreement for the construction and operation of a DGR on the Bruce
nuclear site for the long-term management of L&ILW waste from Ontario’s nuclear generating stations. The agreement
required that Kincardine complete Community Consultation. A poll was conducted by an independent polling company in
early 2005 targeting all Kincardine permanent and seasonal residents eighteen years of age or over. With a response rate
of over 70 per cent, the majority of Kincardine residents voted in favour of the DGR. No other municipalities came forward
as willing hosts for a DGR off of the Bruce nuclear site.

–

GOLDER. 2004. Independent Assessment of
Long-Term Management Options for Low and
Intermediate Level Wastes at OPG's Western
Waste Management Facility. Golder Associates
Ltd. report 03-1115-012.
OPG and Municipality of Kincardine. 2004.
DGR Hosting Agreement Between Ontario
Power Generation and Municipality of
Kincardine.

The local First Nations (SON) were first approached in 2003 by OPG to inform them of the Independent Assessment
Study. Communication Protocols signed in 2004 and 2009 provided resources for SON to conduct an independent peer
review of the study report and to participate in the EA process. Since 2003, there have been a number of meetings,
workshops and open houses to discuss the project and share information with the SON and their communities, including
the establishment of SON’s Environmental Office for the purpose of interfacing with the DGR Project.
Local Métis interests include the Historic Saugeen Métis (HSM) Community, and the Métis Nation of Ontario-represented
citizens in the Georgian Bay Region. The engagement process with these groups began in 2008 and led to an agreement
with the HSM in 2010 providing capacity to facilitate their engagement on the DGR Project.
Achievable?
Based on the evaluation of siting alternatives described herein, construction and operation of the DGR on the Bruce nuclear site was deemed to be achievable.
Comparable data and information and community support were not found for the off-site alternative. Therefore, it is not known if construction and operation of the DGR is achievable off of the Bruce nuclear site.
Acceptable?
Based on the evaluation of siting alternatives described herein, construction and operation of the DGR on the Bruce nuclear site is acceptable.
Comparable data and information and community support were not found for the off-site alternative. Therefore, it is not known if construction and operation of the DGR is acceptable off of the Bruce nuclear site.
Preferred Means (Score)
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Criteria

Rating

Rationale

The resulting score for the on-site alternative was 6. The resulting score for the off-site alternative was 11.
It is preferred to construct and operate the DGR on the Bruce nuclear site since the lowest score was obtained for this siting alternative.

1357

References

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste
Table 2: Comparison of Repository Horizon Alternatives Limestone and Shale
(associated with OPG response to IR-EIS-09-407)
Criteria

Economic
Is there an incremental cost?

Worker Health and Safety
Can it be constructed and operated in
a manner that protects worker health
and safety?

Public Health and Safety
Can it be constructed and operated in
a manner that protects public health
and safety?

Rating
The limestone alternative
was assigned a rating of
1.
The shale alternative was
assigned a rating of 2.
Both repository horizon
alternatives were assigned
an equal rating of 1.

Both repository horizon
alternatives were assigned
an equal rating of 1.

Rationale

References

Excavation in shale could result in higher costs. The geomechanical properties of the shale formation would require the
use of larger pillars and additional rock support.

NWMO. 2011. Geosynthesis. Nuclear Waste
Management Organization report NWMO DGRTR-2011-11 R000. Toronto, Canada. (CEAA
Registry Doc# 300)

Construction and operation of the DGR in a manner that protects worker health and safety can be accomplished whether
the host rock is limestone or shale.

MARCH. 2011. Preliminary Conventional Safety
Assessment. March Consulting Associates Inc.
report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-37 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

Construction and operation of the DGR in a manner that protects public health and safety can be accomplished whether
the host rock is limestone or shale.

OPG. 2011b. OPG’s Deep Geologic Repository
for Low and Intermediate Level Waste –
Preliminary Safety Report. Ontario Power
Generation report 00216-SR-01320-00001 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
SENES. 2011. Preliminary ALARA Assessment.
SENES Consultants Ltd. report for the Nuclear
Waste Management Organization NWMO DGRTR-2011-36 R000. Toronto, Canada. (CEAA
Registry Doc# 300)

The DGR can be constructed in either rock formation. However, the limestone formation has greater geomechanical
stability. Additional technical details regarding the geomechanical stability of the limestone Cobourg Formation as
compared to the Ordivician shales can be found in OPG’s response to Information Request (IR) EIS-03-73 (OPG 2012).

Technical
Is the DGR constructible?

The limestone alternative
was assigned a rating of
1.
The shale alternative was
assigned a rating of 2.

Construction experience elsewhere has proven limestone to be a relatively indurate rock. Tunnel construction
experience in Ontario (e.g., 925-m long Darlington Nuclear Generating Station cooling water intake tunnel and 470-m
long oil storage cavern access tunnel at the Wesleyville Generating Station) used drill and blast techniques to construct
tunnels in the limestone Cobourg Formation and there were no problems related to rock stability or overbreak nor was
there any sign of seepage inflow.

INTERA. 2011. Descriptive Geosphere Site
Model. Intera Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO
DGR-TR-2011-24 R000. Toronto, Canada. (CEAA
Registry Doc# 300)

The Norton Mine in Barberton, Ohio, approximately 380 km south of the Bruce nuclear site, was developed in limestone
similar to the Cobourg Formation. It provides a relevant example of the longevity of a development in a massive
limestone formation at depth. The mine has been in an active standby state since 1976 and has remained completely
dry and shows no evident damage or instability to openings.

ITASCA. 2011. Long-Term Geomechanical
Stability Analysis. Itasca Consulting Group, Inc.
report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-17 R000.
Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

In contrast, shale can be susceptible to swelling and spalling when exposed and would require the use of larger pillars
and additional rock support.
A good example of tunnel construction in rock of this quality is the enlargement of a test adit for the Niagara
Hydroelectric Development. Rock reinforcement was required to control slabbing and slaking and seepage was
observed at local bedding planes.
Another case study is the Dufferin Creek Tunnel constructed in the Region of Durham, Ontario in the mid 1970’s in
Ordovician shale of the Blue Mountain Formation (formerly designated as Collingwood). Cracking in a 280-m long
section of the tunnel lining occurred nine months after construction.
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Criteria

Rating

Rationale

References

Whether limestone or shale is the host rock, leachate from the waste rock pile may require limited treatment.
Physical / Biophysical
Environment
What is the likely nature of
environmental effects?

The limestone alternative
was assigned a rating of
1.
The shale alternative was
assigned a rating of 2.

The two repository horizons would require excavation of a similar volume of rock. However, more access tunnel
excavation may be required for additional rooms if the DGR was constructed in the shale rock formation.
Water quality in shallow aquifers will be protected by the 200-m thick shale cap rock located directly above the DGR
horizon. This layer hydrogeologically isolates the shallow water supply aquifer and protects it from the deep saline
groundwater system. The deep groundwater is very saline and therefore has no potential as a source of potable water.

OPG. 2011b. OPG’s Deep Geologic Repository
for Low and Intermediate Level Waste Preliminary Safety Report. Ontario Power
Generation. 00216-SR-01320-00001 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

There is a higher potential for limestone waste rock to be usable aggregate material.
Socio-economic Environment
What is the nature of likely socioeconomic effects?

Both repository horizon
alternatives were assigned
an equal rating of 1.

There are no likely socio-economic effects associated with the use of either limestone or shale as the host rock.

Achievable?
Based on the evaluation of repository horizon alternatives described herein, both repository horizon alternatives are achievable.
Acceptable?
Based on the evaluation of repository horizon alternatives described herein, both repository horizon alternatives are acceptable.
Preferred Means (Score)
The resulting score for the limestone alternative was 6. The resulting score for the shale alternative was 9.
Limestone is the preferred host rock since the lowest score was obtained for this repository horizon alternative.
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IR#

EIS 09-408

EIS Guidelines
Section
 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request and Response

Information Request:
Provide information on the possibility that flow in the aquifers below 200 metres will be influenced by climate change
during the repository postclosure period.
Context:
Undertaking # 7 from the July 18, 2012 Technical Information Session requested that OPG provide information on the
possibility that flow in the aquifers below 200 metres will be influenced by climate change. The implication of “climate
change” applies for both the short term (for intervals of decades until the end of the preclosure period) and the long term
(for postclosure intervals of several hundred to thousands of years).
The response provided by OPG addresses only the effects of climate change on potential aquifer flow alteration during
the preclosure period of the repository operation and provides no longer term assessment of climate change effects.
OPG Response:
The response to Undertaking TIS-7 from the July 18, 2012 Technical Information Session was understood to relate to the
topic of the session that encompassed the time period leading to DGR closure. In this respect, the original response to
Undertaking TIS-7 focused on the influence and impact of climate change on hydraulic heads in the confined aquifer
systems below 200 m depth that intersected the concrete-lined DGR main and vent shafts. A particular issue was
changes in hydraulic heads that could influence the design of the shaft concrete liners. In the postclosure period, during
which the DGR repository shafts are backfilled and sealed, extensive work has been completed to assess changes in
groundwater system behaviour influence on long-term DGR safety. This includes, numerical paleohydrogeologic
simulations that explore the influence of glacial cycles on groundwater system response to external perturbations
(NWMO 2011, Section 5.4.6), and hydrogeochemical and isotopic studies that examine the stability of the groundwater
systems and depth of glacial and meteoric water recharge (NWMO 2011, Section 4.3). Postclosure Safety Assessment
analyses examining the influence of transient changes in the groundwater system during glaciation were completed in
response to Information Request EIS-01-17 (OPG 2012a, OPG 2012b). These analyses, documented in a Nuclear
Waste Management Organization Technical Memorandum entitled “OPG DGR Glaciation Analysis” (NWMO 2012), were
previously submitted to the Joint Review Panel (OPG 2012b). The analysis indicated that groundwater flow and gas
transport to and from the repository remain low throughout a glacial cycle, and the repository remained largely
unsaturated. Solute transport from the repository was not calculated, but is expected to be small due to the low
groundwater and gas transport. The dose impacts are expected to be many orders of magnitude below the dose
criterion.
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IR#

EIS Guidelines
Section

Information Request and Response

References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2012. OPG DGR: Glaciation Analysis. NWMO Technical Memorandum DGR-TM-03640 R1. (CEAA Registry
Doc# 606)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to Information Requests”, CD #00216-CORR-00531-00108, March 9, 2012. (CEAA
Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD #00216CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
EIS 09-409

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide justification for assigning the transfer of waste packages to the shaft providing the intake air for the repository.
Consider the alternative option of using the exhaust ventilation shaft for waste package transfer while leaving all other
transfers in the other shaft.
Context:
The response to EIS 04-117 is incomplete.
In the current concept the ventilation shaft, apart from exhausting the repository ventilation air, is primarily used during
construction to remove waste rock generated during repository construction. Alternatively, this shaft could also be used
to transfer waste packages to the repository during the operational phase. This would have the advantage that, in the
event of a possible accident involving the transfer and breach of a waste package or a cage fall, the contaminated air
would not be drawn into the repository.
The latter concept is being implemented at the Konrad Mine repository in Germany,
OPG Response:
In 2008, DBE Technology GmbH (DBE) was contracted by OPG to carry-out a review of the conceptual design for
OPG’s DGR facility. Since 1992 DBE has been responsible for all exploratory and design work at the under-construction
Konrad repository in Germany.
Alternative arrangements for the shafts and shaft functions were considered as part of developing the preliminary design
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IR#

EIS Guidelines
Section

Information Request and Response
of the DGR facility described in the Preliminary Safety Report (OPG 2011). In their 2008 review DBE recommended
“reconsidering the functions assigned to the two shafts and contemplating a modified ventilation scheme, with the main
shaft used for hoisting waste to underground being upcast shaft and the secondary shaft the air intake shaft. Also,
personnel access to the underground facilities should be through the down-cast shaft.” This design recommendation
was considered by OPG (and its engineering contractors) and a decision was taken not to implement the
recommendation because, in the opinion of OPG, the potential advantages did not outweigh the potential disadvantages
of the proposed DBE shaft function and ventilation arrangement.
There are both safety and engineering reasons for this decision.
The preliminary design of the DGR has the following safety attributes and advantages relative to the alternate shaft
function arrangement:
1. The ventilation exhaust shaft will contain the highest levels of airborne H-3 and C-14 from off-gassing from waste
packages. (This is different from Konrad, which will in general have much lower levels of H-3 and C-14 in its
wastes.) Using the alternative arrangement where the exhaust shaft is used for waste package transfer would
mean that a significant fraction of worker handling of packages - i.e., loading into the cage at surface, retrieval
from the cage at the repository level, and the initial movement into the repository - would be routinely carried out
under conditions of higher inhalation dose. In the reference design, movement of packages through the
downcast Main Shaft follows the ALARA principle by keeping the routine worker dose from inhalation as low as
reasonably achievable.
2. The results of preclosure safety assessment (OPG 2011, Section 7.5) show that in the remote event of package
drop at the Main Shaft Station, the potential spread of contaminated air will not adversely impact worker safety
should they be located downstream of a postulated package drop location. This is a consequence of the nature
of the wastes, which are solid low and intermediate level wastes.
3. The extent of worker exposure due to a package drop during handling is small because the workers would
typically position themselves upstream of packages during transfer.
4. In the event of an accident in the shaft or shaft station, the alternative ventilation scheme would send
contaminated air directly up the shaft and into the surface environment. In the DGR preliminary design,
contaminated air from postulated cage fall or shaft station accidents would first flow through the underground
tunnels, emplacement rooms and return air tunnels. This would allow the repository itself to act, to some
degree, as a filter before release into surface environment. It puts the emphasis of cleanup on the facility rather
than the environment.
In effect, the reference shaft arrangement favours lower routine worker dose, and some modest environmental
advantages under certain postulated accident conditions, rather than a possible reduction in already limited worker dose
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IR#

EIS Guidelines
Section

Information Request and Response
in the event of certain unlikely accidents.
Reference:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-410

 Section, 13.2
Selection of
Assessment
Scenarios

Information Request:
Supplement the response to EIS 04-117 and provide additional detail as originally requested, including but not limited to:





Use and type of backfill;
Safety features;
Development technique; and
Community Engagement and Acceptance.

Context:
The level of detail provided in CNSC Memorandum 2.05/37-2-6-0 (CEARIS # 521) is not sufficient to provide the JRP
with an adequate and meaningful comparison with other international L&ILW repositories.
OPG Response:
The additional information requested is presented in Table 1 (provided at the end of the responses to EIS Information
Requests). Additional relevant facilities have also been included.
Note that each facility is “unique”. The purpose, applicable waste types, host geology, depth, capacity, design features,
use of backfill, etc. and the roles of these features in the safety case varies considerably amongst the different facilities
and it is not reasonable to expect a direct feature-by-feature equivalency between the different facilities. In some cases,
waste packages have been prepared to specifications and requirements governed by other purposes, such as to meet
IAEA transport regulations for shipment to off-site facilities. The applicability and impact of such considerations needs to
be evaluated for an understanding of the overall approach used by a given facility. For example, transport
considerations are not required for transfers of waste packages to an on-site facility, like the DGR.
Note also that there are other examples of geologic repositories for radioactive wastes, mostly for small volumes (up to a
few thousand cubic metres). Many, such as Richard and Bratrstvi (Czech Republic) and Baita Bihor (Romania), are in
former mines, while others, such as Himdalen and Gulen (Norway) are purpose built excavations. Much larger geologic
repositories (several million cubic metres) in former mines are also used in Europe for non-radioactive, hazardous
wastes (e.g., heavy metals), such as the Herfa-Neurode facility in Germany.
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IR#

EIS Guidelines
Section

Information Request and Response

References:
Asse. 2012. Endlager Asse, http://www.endlager-asse.de/
BFS. 2013. Endlager Morsleben, http://www.bfs.de/en/endlager/endlager_morsleben
Finland. 2011. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management: 4th Finnish National Report as referred to in Article 32 of the Convention. STUK report STUK-B 138,
October 2011. Available at: http://www.stuk.fi/julkaisut/stuk-b/stuk-b138.pdf.
Germany. 2011. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management Report of the Federal Republic of Germany for the Fourth Review Meeting. Report prepared by Federal
Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU), August 2011. Available at:
http://www.bmu.de/files/english/pdf/application/pdf/jc_4_bericht_deutschland_en.pdf
Hungary. 2011. Republic of Hungary National Report - Fourth Report prepared within the framework of the Joint
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management. Report
prepared by the Hungarian Atomic Energy Authority, May 2011.
Konrad. 2013. Endlager Konrad, http://www.endlager-konrad.de/EN/Home/
Korea. 2011. Korean Fourth National Report under the Joint Convention on the Safety of Spent Fuel Management and
on the Safety of Radioactive Waste Management. Report prepared by the Ministry of Education, Science and
Technology, October 2011.
KRWMC. 2011. Korea Radioactive Waste Management Corporation,
http://www.krmc.or.kr/krmc2011/user/cyberpr/books/Original06.pdf
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
PURAM. 2013. National Radioactive Waste Repository, http://www.rhk.hu/en/our-premises/nrwr/
SKB. 2013. SFR: Final repository for radioactive operational waste,
http://www.skb.se/upload/publications/pdf/SFR_Final_repository_en.pdf
Sweden. 2011. Sweden’s fourth national report under the Joint Convention on the safety of spent fuel management and
on the safety of radioactive waste management. Report prepared by the Ministry of the Environment, report # Ds
2011:35. Available at: http://data.riksdagen.se/fil/EB4F6FD6-7D1D-4430-8462-27A20BE81642.
USDOE. 2013. U.S. Department of Energy Waste Isolation Pilot Plant, http://www.wipp.energy.gov/index.htm
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Table 1: Summary of Selected International L&ILW Geologic Repository Key Features
(associated with response to IR-EIS-09-410)
Feature

Description

OPG’s DGR for
L&ILW

Size of facility

Development
technique

SFR
(Sweden)

Asse II
(Germany)

ERAM
(Germany)

Konrad
(Germany)

WIPP
(USA)

Wolsung
(Rep of Korea)

Bátaapáti
(Hungary)

Purpose-built, tunneltype rock cavern
repository

Purpose-built, silo-type
rock cavern repository

Purpose-built, tunneltype and silo-type rock
cavern repository

Converted former salt
& potash mine, with
disposal in original
mine workings

Converted former salt
& potash mine, with
disposal in original
mine workings

Purpose-built, tunneltype rock cavern
repository using
infrastructure of former
iron ore mine (shafts,
access tunnels, etc)

Purpose-built, tunneltype rock cavern
repository

Purpose-built, silo-type
rock cavern repository

Purpose-built, tunneltype rock cavern
repository

Bruce Power site, near
Kincardine, Ontario

Loviisa nuclear power
plant site, Hästholmen
island

Olkiluoto nuclear
power plant site at
Eurajoki, on sea coast

Forsmark nuclear
power plant site,
(repository is ~1 km
out from shoreline,
under Baltic sea)

Wolfenbuettel, Lower
saxony

Morsleben, SaxonyAnhalt

Salzgitter, Lower
Saxony

Carlsbad, New Mexico

Adjacent to Wolsung
nuclear power plant
site

Tolna, south-central
Hungary

Proposed.
Under licensing.

Operational since
1998 for LLW, planned
2013 start for ILW.
LLW expansion
completed in 2012.
Additional future
expansions planned,
as required.

Operational since
1992.
Up to 4 additional silos
to be added as
required in future.

Operational since
1988.
Expansion planned for
2020.

Operated from 1967 to
1978 for LLW and
1972 to 1978 for ILW.
Closure plan awaiting
governmental
approval.

Operated from 1971 to
1998.
Closure plan awaiting
governmental
approval.

Under construction.
Operation planned in
2019.

Operational since
1999.
Expansion as required.

Under construction.
Operation planned in
2013.

Operational since Dec
2012.

Crystalline
(Granite)

Crystalline
(Tonalite)

Crystalline
(Granite)

Salt dome

Salt dome

Status

Depth (below
ground
surface)

Olkiluoto
(Finland)

Purpose-built, tunneltype rock cavern
repository

Location

Host rock

Loviisa
(Finland)

Sedimentary
(Argillaceous
limestone)

Sedimentary
(Oolitic limestone)

Bedded salt

Crystalline
(Granodiorite)

Crystalline
(Granite)

~680 m

~110 m below sea
level

~70 to 100 m

~50 m below sea bed

~511 m to 750 m

~400 m to 600 m

~800 m

~655 m

~150 m to 200 m

~250 m

~200,000 m3 of L&ILW
as packaged for
disposal

10,000 m3 LLW (incl
3
recent 6,400 m
expansion)
5,000 m3 ILW

5,000 m3 LLW
3,500 m3 ILW

63,000 m3 of L&ILW
Expansion to
200,000 m3 planned to
accommodate
decommissioning
wastes.

3
47,000 m of L&ILW
has been emplaced.

37,000 m3 of L&ILW
has been emplaced.

63,000 m3 of L&ILW in
first phase, with future
expansions up to
3
303,000 m planned.

175,000 m3 of
transuranic (TRU)
L&ILW

20,000 m3 of L&ILW in
first phase.
Expansions up to
3
160,000 m planned.

25,000 m3 of shortlived L&ILW

Controlled drill & blast.

Controlled drill & blast.

Controlled drill & blast.

Controlled drill & blast.

Road header.

Controlled drill & blast.

Controlled drill & blast.

Initial construction of
8,600 m3, expansion
as required.

Initial construction of
8,500 m3, expansion
as required.

Initial construction of
63,000 m3, expansion
as required.

Used existing minedout cavities.

Road header.

Initial construction of
200,000 m3 to accept
existing backlog, plus
predicted future waste
from operation and
refurbishment.

Used existing minedout cavities.
No further expansion.

No further expansion.

Initial construction
(new disposal vaults)
3
of 63,000 m to accept
existing backlog of
stored waste, then
expansion as required.

New disposal panels
excavated “just-intime” due to salt creep.

Initial construction of
20,000 m3, expansion
as required.

Initial construction of
3,000 m3 to accept
existing backlog of
stored waste, then
expansion as required.
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Feature

Waste type

OPG’s DGR for
L&ILW
L&ILW from operation
and refurbishment of
OPG owned or
operated nuclear
reactors (and
associated support
facilities).

Loviisa
(Finland)
Short-lived L&ILW
from operations and
eventual
decommissioning of
NPPs at Loviisa
(2 units operating)

Olkiluoto
(Finland)
Short-lived L&ILW
from operations and
eventual
decommissioning of
NPPs at Olkiluoto
(2 units operating,
1 under construction)

SFR
(Sweden)

Asse II
(Germany)

ERAM
(Germany)

L&ILW from operations
and eventual
decommissioning of
NPPs in Sweden.

Non-heat generating
L&ILW from operation
of West German
NPPs, the Karlsruhe
nuclear research
centre and its
experimental nuclear
fuel reprocessing
facility.

Non-heat generating
L&ILW from operation
and decommissioning
of nuclear power
plants as well as waste
from research, medical
and industrial
application, mostly in
the former East
Germany.

Includes short-lived
and long-lived wastes
from operation and
decommissioning of
NPPs, as well as
research, industrial,
and medical
applications.

Some LLW was
treated by compaction
or incineration.
Some wastes are
immobilized in cement
or bitumen.
Most wastes are
packaged in 200 L
carbon steel drums

Some LLW was
treated by compaction
or incineration.

Some LLW is treated
by incineration or
compaction.

Some wastes are
immobilized in cement
or bitumen.

Wastes are packaged
into a small number of
standard container
types, including steel
boxes (ranging in size
3
3
from ~4 m to 12 m ),
cast iron casks (~1 m3
to 1.3 m3) and
concrete containers
3
(~1.2 m ). The outer
disposal container may
contain several smaller
containers inside (e.g.
200 L or 400 L drums).
The void space inside
the containers is
normally grouted.

Max dose rate of
500 mSv/h on waste
package.
Total amount of longlived radionuclides
limited by safety
assessment.

Some LLW is treated
by incineration or
compaction.
IX resins are
dewatered.
Some wastes are
immobilized in cement,
polymer or bitumen.

Waste
treatment/
conditioning/
packaging

A range of waste
packages is used,
including ~2 to 3 m3
steel bins for LLW, 3
3
m stainless steel
containers for IX
resins, and stainless
steel / concrete
containers for retube
waste. Higher dose
rate ILW may have
concrete shield
overpacks.

LLW mostly
compacted and/or
packaged into 200 L
carbon steel drums.
ILW to be cemented
3
into 1 m cylindrical
containers.

LLW mostly
compacted and/or
packaged in 200 L
carbon steel drums,
1.4 m3 carbon steel
3
boxes, 3.9 m concrete
boxes (containing 12
drums) or 5.2 m3
concrete boxes
(containing 16 drums).
ILW (IX resins &
sludges) bituminized in
carbon steel drums, in
3
5.2 m concrete boxes
(containing 16 drums).
Disposal packages are
designed for high
stacking loads in the
silos.

LLW is treated mostly
by incineration or
compaction.
IX resins are
dewatered.
Some wastes are
immobilized in cement
or bitumen.
A variety of carbon
steel and concrete
containers are used,
ranging in size from
200 L drums to ISO
freight containers.
Some ILW containers
have integral shielding.
Some waste packages
are designed to meet
transport regulations.

Most wastes are
packaged in 200 L to
570 L carbon steel
drums and cylindrical
concrete containers.
Some waste packages
are designed to meet
transport regulations.

Konrad
(Germany)
Non-heat generating
3
L&ILW (< 200 W/m )

Some ILW containers
have integral shielding.
Waste packages are
designed to meet
transport regulations.
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WIPP
(USA)

Wolsung
(Rep of Korea)

Bátaapáti
(Hungary)

TRU wastes (longlived) from defense
related activities.

L&ILW from operation
and decommissioning
of nuclear power
plants as well as waste
from research, medical
and industrial
application.

Short-lived L&ILW
from operation and
decommissioning of
nuclear power plants

Wastes are packaged
in a variety of steel
containers such as
200 L drums, 320 L
drums, 380 L drums,
3
boxes up to ~8 m and
sealed ILW canisters.

Most LLW is treated by
compaction or
incineration.

Some LLW is treated
by compaction.

Some containers have
integral lead or steel
shielding to reduce
surface dose rates for
handling purposes.
Some wastes are
loose-packed, some
compacted. Liquids
are solidified, mainly
with cement.
Some waste packages
are designed to meet
transport regulations.

Most wastes are
packaged in 200-L
carbon steel drums,
3
placed in ~5.2 m
concrete disposal
overpacks (16 drums
per overpack).
Disposal packages are
designed for high
stacking loads in the
silos.

Some wastes are
immobilized in cement
or bitumen.
Most waste in 200 L
carbon steel drums,
grouted into 2.25 m x
2.25 m x 1.55 m H
concrete containers, 9
drums per container.

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste
Feature

OPG’s DGR for
L&ILW

Loviisa
(Finland)

Shaft & hoist access.
Two shafts: air intake,
waste package
handling, personnel
access in main shaft;
ventilation exhaust and
emergency egress
from ventilation shaft.

Ramp access (~1.1
km long), plus 2 shafts
(personnel access and
ventilation exhaust).

Emplacement rooms
and access tunnels
have flow-through
ventilation.
Separate rooms for
LLW and ILW.

Key design
features

Two panels of
emplacement rooms
(total of 31 rooms),
nominally 8.6 m W x
7.1 m H x 250 m L. (A
few rooms with
different width & height
for specific waste
types, e.g. 8.4 m W x
5.4 m H for gantry
crane access rooms
and 8.7 m W x 7.1 m H
for IX resin liner
rooms).
Most wastes emplaced
by forklift.

Access tunnels have
flow-through
ventilation. Disposal
caverns have “deadended” ventilation.
Separate caverns for
LLW & ILW.
2 original LLW caverns
are 6 m W x 5 m H x
up to 110 m L.
Waste drums are
stacked 7 across x 5
high.
ILW cavern has
internal concrete
trench, 14 m W x 11 m
H x 70 m L, serviced
by overhead crane.
ILW packages stacked
5 high.
Future caverns to be
sized according to
needs.

Olkiluoto
(Finland)
Ramp access (~1 km
long), plus shaft
access for personnel.
Access tunnels have
flow-through
ventilation. Ventilation
not required in silos
(no personnel access).
Separate silos for LLW
and ILW. Silos are
approx 24 m ID x 34 m
H.
LLW silo is lined with
shotcrete.
ILW silo has an inner
thick‑walled concrete
silo inside the rock
silo.
Overhead crane hall
common to both silos
used to stack
packages.
Silos contain 31 layers
of stacking boxes.

SFR
(Sweden)

Asse II
(Germany)

ERAM
(Germany)

Ramp access.

Shaft & hoist access.

Shaft & hoist access.

Emplacement caverns
and access tunnels
have flow-through
ventilation.

Some flow-through
ventilation, some
dead-ended.

Some flow-through
ventilation, some
dead-ended.

13 large emplacement
rooms of various sizes
in original mine
workings.

Large, irregular
emplacement rooms
up to 30 m W x 100 m
L, in 3 locations of
original mine workings.

4 rock caverns for
different kinds of
wastes.
Caverns typically 160
m long x 15 to 19 m W
x 10 to 17 m H
One cavern divided up
into 15 compartments
with wastes placed by
overhead crane.
Other caverns are
“drive in” with wastes
emplaced by forklift.
1 concrete silo for
highest activity wastes,
30 m dia x 50 m H,
divided into shafts
approx 2.5 m x 2.5 m.

LLW containers
stacked in orderly
fashion at 725 m and
750 m level.
ILW containers placed
at 511 m level,
intentionally “tipped”
from front end loader
in order to reduce
worker exposure time
and dose (resulting in
a disorganized pile of
waste drums).

Waste containers
stacked in orderly
fashion by forklift or
similar handling
device.

Konrad
(Germany)
Shaft & hoist access.
Two shafts: personnel
access & ventilation
intake in one and
waste package
handling & ventilation
exhaust in the other).
Emplacement rooms
and access tunnels
have flow-through
ventilation.
Large, newly
constructed
emplacement rooms, 7
m W x 6 m H x 800 m
L.
Waste stacked by
forklift or similar
handling device.

WIPP
(USA)
Shaft & hoist access.
Four separate shafts:
Air intake, air exhaust,
salt handling and
waste handling.
Personnel access
normally via salt
handling shaft or
waste handling shaft.
Exhaust shaft does not
have a hoist.
Emplacement rooms
and access tunnels
have flow-through
ventilation.
Disposal rooms (10 m
W x 92 m L x 4 m H)
excavated in panels of
7 rooms. Each room
is separated by 30m
wide salt pillar.
Contact handled waste
(< 2 mSv/h dose rate)
are stacked on pallets
in rooms.

Planned expansion will
have additional large
caverns at slightly
increased depth to be
used mainly for
decommissioning
waste.

Remote handled waste
is placed in 0.76 m ID
x 5 m L boreholes
drilled in the side of
disposal rooms on 2.4
m centres prior to
bringing in contact
handled waste.
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Wolsung
(Rep of Korea)

Bátaapáti
(Hungary)

Ramp access (double
tunnel) plus personnel
access by shaft. Built
into a hill-side.

Ramp access (double
tunnel)

Access tunnels have
flow-through
ventilation. Ventilation
not required in silos
(no personnel access).
Rock silos are approx
24 m ID x 34 m H, with
0.6 m thick concrete
walls.

Access tunnels have
flow-through
ventilation. Disposal
vaults are “deadended”.
Access tunnels have
flow-through
ventilation.

Overhead crane hall
above silo used to
stack packages.

Emplacement rooms,
nominally 10.6 m W x
8.7 m H x 100 m long,
arched profile. Each
holds up to 817
disposal containers.

Silos contain ~30
layers of stacking
boxes.

Access tunnels have
flow-through
ventilation.
One disposal room will
be constructed with
internal concrete vault
to avoid having to
repackage existing
containers in storage.
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Feature

OPG’s DGR for
L&ILW
Deep underground
location (680 m).
Institutional control
assumed by land use
restrictions and other
passive controls.
Safety Assessment
assumes no human
intrusion for at least
300 years. Sensitivity
cases analyzed for
shorter periods.

Key safety
features

Geosphere provides
multiple natural
barriers (seismically
quiet location, multiple
very low permeability
rock formations, old
diffusion dominated
water in rock at
repository depth with
no connection to
shallow groundwater,
mechanically
competent rock).

Loviisa
(Finland)

Olkiluoto
(Finland)

SFR
(Sweden)

Underground location.

Underground location.

Human intrusion is
assumed to be
precluded for 200
years by means of
land use restrictions
and other passive
controls.

Human intrusion is
assumed to be
precluded for 200
years by means of
land use restrictions
and other passive
controls.

Underground/undersea
location.

Deep underground
location (>500 m).

Deep underground
location (>400 m).

Deep underground
location (800 m).

Deep underground
location (655 m).

Institutional control
assumed by land use
restrictions and other
passive controls.

Long-term safety relies
on natural barriers (low
water flow in salt
formation).

Limitations on longlived radionuclides.

No institutional control
is assumed after
closure. However,
routine monitoring of
environment
surrounding site is
planned.

Human intrusion is
assumed to be
precluded for
100 years by means of
active controls.

Limitations on longlived radionuclides.
Engineered barriers
designed for 500 yrs.

Engineered barriers
designed for 500 yrs.

Long-term safety was
intended to rely on
natural barriers (low
water flow in salt
formation). However,
salt creep induced
convergence around
the mined out
chambers created
pathways for water
inflow.

Long-term safety
provided by a
combination of natural
and engineered
barriers.

Long-term safety
provided by a
combination of natural
and engineered
barriers.

Duration of institutional
control to be specified
in repository closure
plan and approved by
regulator. Safety
Assessment assumes
300 years.
Limitations on longlived radionuclides.
Long-term safety
provided by a
combination of natural
and engineered
barriers.

Asse II
(Germany)

Note that water is
leaking into the
repository, not out.
The water is
radiologically clean.

ERAM
(Germany)

Konrad
(Germany)

Located in
sedimentary formation
with thick impermeable
shale layer above.
Geologically stable
formation, no
groundwater flow at
repository depth or
hydraulic connection
with near-surface
groundwater.
Long-term safety
provided by a
combination of natural
and engineered
barriers.

Repository will
resaturate very slowly.
Space provided for
gas generation.
Extensive shaft seal.
Most long-lived
radionuclides are in
corrosion resistant
waste forms.
(Full safety case is
summarized in Table
14-3 of OPG, 2011).

1368

WIPP
(USA)

Long-term safety
provided by natural
barriers (no ground
water flow;
geologically stable
formation; thick,
impermeable
sedimentary mud &
siltstone cap layer).

Wolsung
(Rep of Korea)
Underground location.
Institutional control
assumed by land use
restrictions and other
passive controls.
Duration to be
specified in repository
closure plan and
approved by regulatory
authority.
Limitations on longlived radionuclides.
Long-term safety
provided by
combination of natural
and engineered
barriers.

Bátaapáti
(Hungary)
Underground location
protects against
human intrusion.
Institutional control
assumed by land use
restrictions and other
passive controls.
Duration to be
specified in repository
closure plan and
approved by regulatory
authority (minimum of
50 yrs req’d under
current regulations).
Limitations on longlived radionuclides.
Long-term safety
provided by
combination of natural
and engineered
barriers.
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Water
management
during
operations

OPG’s DGR for
L&ILW

Loviisa
(Finland)

Olkiluoto
(Finland)

SFR
(Sweden)

Asse II
(Germany)

No significant water
inflow expected. Water
inflow (seepage from
shafts and
condensation) to be
directed to collection
sumps, monitored and
released.

Water in emplacement
rooms is diverted from
contact with waste
packages by
temporary roof,
collected, monitored
and released.
Facility is located in a
saline groundwater
zone

Low water inflow rate.
Water in access
tunnels collected in
drainage channels to
sumps, monitored and
released.

Facility is located
under the Baltic Sea.
Some water infiltration
is observed.
Where required, water
in emplacement rooms
is diverted from
contact with waste
packages by
temporary roof,
collected, monitored
and released.

Significant water inflow
(~11 m3/day) into
peripheral areas of
mine.
Water is collected,
monitored and
released for use at
nearby salt mines.
Water is highly saline
(saturated NaCl brine).

Low water inflow rate
(~12 m3/yr).
Highly saline.

No significant water
expected.
Very little water inflow
observed during
construction activities.
External water is
intentionally added
during the construction
phase for dust
suppression.

Facility is dry.

Water is collected in
drainage channels to
sumps.
Separate collection
systems for access
tunnels and disposal
silos.
(Final disposition of
water not known.)

Water is collected in
drainage channels to
sumps, monitored and
released.
Separate collection
systems for access
tunnels and disposal
vaults.

LLW caverns will not
be backfilled.

Void space above silos
will be backfilled with
local origin crushed
rock.

Varies by cavern:

Emplacement rooms
were not originally
backfilled.

Emplacement rooms
were not originally
backfilled.

Emplacement rooms
to be backfilled with
grout.

Current closure plan is
to backfill
emplacement rooms
with “salzbeton”.

No backfill.
Surrounding salt is
allowed to naturally
creep, collapse and fill
in void spaces.

Silos backfilled with
grout as packages are
stacked.

Some original mine
workings have been
backfilled with
“salzbeton” (salt
concrete – typically
16% cement, 39%
halite, 16% limestone,
14% water, 15% sand)
to stabilize.

Current reference is to
backfill disposal vaults
with a crushed
rock/cement mix (~70
wt% crushed rock,
10% cement, 20%
water) as they are
being filled (e.g. after
about every 50 m of
tunnel length has been
filled, a wall will be
constructed and the
grout mix pumped into
the space behind the
wall).

Top hall above filled
silos to be backfilled
with crushed rock.

Access tunnels closed
with series of concrete
plugs at intervals with
engineered fill (e.g.
sand/gravel mix)
between plugs.

Water expected to be
highly saline.

None planned in
emplacement rooms or
connecting tunnels to
allow room for gas
from waste and
container
decomposition.
Shaft services area to
be backfilled at closure
with mass concrete to
ensure support for
shaft seals.

Backfill

ILW vault backfilled
with cement grout as
each layer is filled,
then capped with
concrete when filled.
Remaining void space
filled with crushed
rock.

‐ No backfill for lowest
activity cavern
(“BLA” vault, waste
< 2mSv/h).
‐ “BTF” caverns
(<10 mSv/h):
concrete backfill
between containers,
void spaces to walls
filled with
sand/cement mix.
‐ “BMA” vault
(<100 mSv/h): cast
in place concrete
cap, void spaces to
walls filled with
sand/cement mix.

Current reference plan
is to retrieve waste,
then seal up mine.

‐ Silo (up to
500 mSv/h): space
between packages
filled with porous
grout. Space at top
to be filled with 1 m
thick concrete lid,
1.5 m sand/
bentonite layer then
sand or gravel.
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ERAM
(Germany)

Some abandoned
mine workings have
been backfilled with
3
about 935,000 m of
concrete to stabilize.
Some cavities will be
left open on purpose to
provide space for gas
from degradation of
wastes and containers.

Konrad
(Germany)

On completion of
disposal operations,
the rest of the
repository (access
drifts, ventilation drifts
and infrastructure
rooms) will be
backfilled with crushed
rock (mainly from the
mine excavation).

WIPP
(USA)

Sacks of MgO added
on top of waste stacks
to absorb CO2 from
waste decomposition
(to control solubility of
actinides).

Wolsung
(Rep of Korea)

Concrete plugs to be
constructed in
entrance tunnels at top
and bottom of each
silo.
Interconnecting access
tunnels to be backfilled
with crushed rock.
Main transport ramp
tunnels will be closed
with concrete plugs at
strategic locations
without systematic
backfill.

Bátaapáti
(Hungary)
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Feature

OPG’s DGR for
L&ILW
High local support and
acceptance (volunteer
site).

Community
engagement &
acceptance

Extensive public
outreach about DGR
project in place since
2002.

Loviisa
(Finland)

Olkiluoto
(Finland)

High local and regional support and acceptance.
Construction of a major nuclear waste facility
must be in line with the overall good of the
society, as judged by the Government and the
Parliament. Consent of the proposed host
municipality is required for the construction of
such a facility.

SFR
(Sweden)

Asse II
(Germany)

ERAM
(Germany)

Konrad
(Germany)

WIPP
(USA)

Wolsung
(Rep of Korea)

Bátaapáti
(Hungary)

Poor local support led
to lengthy licensing
delays and legal
challenges.

High local support and
acceptance (volunteer
site).

Local and regional
support and
acceptance. Initial
opposition was
overcome by public
outreach and payment
of significant hosting
fees.

High local and regional
support and
acceptance.

Legally restricted to
defense related
transuranic (TRU)
wastes only. These
are considered to be
long-lived wastes.

“National” repository
for waste from all
sources (mainly
NPPs). Owned and
operated by KRWMC,
which is state owned.

Note that there are
exploitable
hydrocarbon resources
near the repository,
requiring long-term
institutional controls.

Waste classification
system makes no
distinction between
log- and short-lived.
However, the WAC
limits amount of longlived nuclides, such as
C-14.

“National” repository
for waste from all
sources (mainly
NPPs). Owned and
operated by
government agency
PURAM (Public
Limited Company for
Radioactive Waste
Management).

USDOE, 2013

Korea, 2011
KRWMC, 2011

High local and regional
support and
acceptance.
Community also
volunteered and was
selected to host used
fuel repository.

Poor local support.

Poor local support.

Site was chosen for a
repository by German
Federal Government in
1965.

Site was chosen and
operated during former
communist East
German era.

“National” repository
for waste from all
sources (mainly
NPPs). Owned and
operated by SKB,
which in turn is owned
by the NPP
owners/operators.

Operated as a salt and
potash mine from 1909
to 1964. More than 5
3
million m of salt and
potash removed over
life of mine.

“National” repositories for waste from all sources
(mainly NPPs).

Sweden, 2011
SKB, 2013

Germany, 2011
Asse, 2012

Olkiluoto site was also chosen for used fuel
repository.
Owned and operated
by the NPP owner for
their own wastes.

Owned and operated
by the NPP owner
mainly for their own
wastes, with a small
quantity of waste from
other sources.

Owned and operated
by the NPP owner
mainly for their own
wastes, with a small
quantity of waste from
other sources.

Comments

References

OPG, 2011

Finland, 2011

Finland, 2011
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All radioactive wastes in Germany are required
to be disposed in deep geologic facilities. No
distinction is made between long and short-lived.
Disposal categories are based on heat
generating rate.

Germany, 2011
BFS, 2013

Germany, 2011
Konrad, 2013

Initial opposition at
state level led to
~10 yr delay to
opening of facility.
State support now
good.

Extensive community
consultation process
for more than
20 years.

Hungary, 2011
PURAM, 2013
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IR#

EIS 09-411

EIS Guidelines
Section
 Section 2.5,
Precautionary
Approach
 Section 16,
Follow-up
Program

Information Request and Response

Information Request:
Explain how each contingency measure currently planned for the DGR Project either does or does not incorporate risk
avoidance.
Provide a detailed description of the planned annual assessment of the EA follow-up monitoring program, including the
criteria to be used for identification of problems or gaps and the methods for developing triggers that would indicate the
requirement for management action. If triggers have already been developed, provide them, along with the rationale that
explains them.
Provide the overall adaptive management plan and describe how it incorporates the design-implement-monitor- assessrespond cycle.
Provide the critical assumptions used in the design of the follow-up monitoring program that ensure that the program will
provide timely and effective feedback to the adaptive management cycle.
Context:
The response to EIS 06-276 repeats generic guidance from CEAA and then reiterates the commitment to use adaptive
management; however, no details are provided.
There is a vague reference to risk avoidance for “some of the contingency procedures” described (also in a very cursory
manner) in Chapter 13. The Program Assessment in Chapter 16 is very brief, with no specifics, even at a conceptual
level, regarding how the assessment would ensure that the follow-up monitoring program would, in fact, contribute in a
timely and effective manner, to adaptive management of the proposed DGR.
OPG Response:
Risk avoidance seeks to manage risk by either eliminating exposure to a hazard, controlling exposure to a hazard,
minimizing the impact of a hazard, or engaging in an alternate activity. Risk avoidance in the context of environmental
management is a decision that alters the course of a project management plan to avoid an identified environmental risk.
By definition, all of the contingency measures incorporate risk avoidance as they are deviations from the standard course
of action. Actions that are outside of standard planned maintenance, monitoring and evaluation, are undertaken to avoid
a potential environmental risk that is identified through the DGR EA Follow-up Monitoring Program. Table 1 presents the
contingency measures described in the DGR EA Follow-up Monitoring Program (NWMO 2011, Section 13) and the risk
each avoids.
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IR#

EIS Guidelines
Section

Information Request and Response

Table 1: Summary of Contingency Measures and Risk Avoidance
Event

Contingency Procedures

Risk Avoided

Exceedance of action level criteria1 at
the SWMP

Regular ongoing monitoring
and mitigation planning (e.g.,
increased sample frequency)

Exceedances of discharge criteria,
potential effect on receiving water body

Exceedance of discharge criteria at
the SWMP

Close SWMP outlet valve,
increase frequency of
sampling to daily

Avoid exceedance of SWMP discharge
criteria; contamination of Lake Huron

Exceedance of discharge criteria at
the SWMP

Apply treatment

Avoid exceedance of SWMP discharge
criteria; contamination of Lake Huron

Noticeable sheen, foam or deleterious
substance

Skimming/removal of material

Avoid exceedance of SWMP discharge
criteria; contamination of Lake Huron

Exceedance of ditch samples near
WRMA

Apply treatment

Avoid exceedance of SWMP discharge
criteria; contamination of Lake Huron

Detection of a possible adverse effect

Further investigation

Avoid contamination of groundwater
and/or plume migration

Detection of an adverse effect
subsequent to further investigation

Remediation

Avoid contamination of groundwater
and/or plume migration

Dewatering limit upset

Dewatering halted until
mitigation can be implemented

Avoid excessive dewatering, lowering of
water table

Identification of rare or endangered
species within the project area

Siting changes, schedule
changes or design changes

Avoid destruction, injury or interference
with the species, its residence and/or its
habitat

Identification of rare or endangered
species within the project area

If avoidance cannot be
achieved, stop work and
consult with OMNR

Avoid destruction, injury or interference
with the species, its residence and/or its
habitat

Replanting

Avoid sedimentation and bank collapse

Surface Water

Groundwater

Terrestrial Environment

Aquatic Environment
Regular inspections of re-vegetation to
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IR#

EIS Guidelines
Section

Information Request and Response
identify plant distress
Regular inspections of bank stability to
indentify unanticipated erosional zones
or collapse

Bank stabilization

Avoid sedimentation and bank collapse

Surface water monitoring program
identifies wetland water levels
decreasing as a direct result of shaft
dewatering

Mitigation e.g., temporary
supply of surface water to the
marsh

Avoid effects to wetland

Fish or other aquatic wildlife (i.e.
turtles, frogs) are observed in the
isolated area during the rail way
crossing construction

Prior to dewatering, salvage
and relocate fish or other
aquatic wildlife during
construction of rail bed
crossing

Avoid any mortality or injury of fish or
other species during construction of
railway crossing

Identification of rare or endangered
species within the project area

Siting changes, schedule
changes or design changes

Avoid destruction, injury or interference
with the species, its residence and/or its
habitat

Identification of rare or endangered
species within the project area

If avoidance cannot be
achieved, stop work and
consult with OMNR

Avoid destruction, injury or interference
with the species, its residence and/or its
habitat

Dust plume observed

Watering will be implemented
in non-frozen conditions

Avoid/minimize fugitive dust emissions

Air quality monitoring results exceed
the EA predictions

Mitigation i.e., replace
equipment that meets Tier 3
standards or better

Avoid residual adverse effect on air
quality

Noise monitoring results exceed EA
predictions; complaints received from
the public

Further investigation

Avoid annoyance to the public and
disturbance to use of private property

Spawning bed is observed and
vibrations monitoring detects and
exceedance of 13 mm/s

Mitigation i.e., mitigation plan
outlining additional procedures
for protecting fish and their
habitat; decrease in allowable
maximum explosive weight

Avoid effects with breeding fish and egg
incubation

Suspend all activity in the

Preservation of historical artifacts and

Atmospheric Environment

Aboriginal Interests
Discovery of archaeological or human
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IR#

EIS Guidelines
Section

Information Request and Response
remains

vicinity of the recovery and
contact the Ministry of Culture

heritage value

Suspend all activity in the
vicinity of the recovery and
contact the Ministry of Culture

Preservation of historical artifacts and
heritage value

Socio-Economic Environment
Discovery of artefacts associated with
a cultural or heritage resource
Note:

1

Action level criteria will be developed as part of the Data Quality Objectives in the detailed sampling plans as per the DGR EA
Follow-up Monitoring Program and in accordance with CSA N288.4-10 (NWMO 2011)

OPG and NWMO each have an ISO 14001 registered Environmental Management System (EMS) which follows the
plan-do-check-act (PDCA) cycle, and includes annual internal and external audits of the systems. The DGR EA
Follow-up Monitoring Program has been implemented within this framework, and employs its own design-implementmonitor-assess cycle that aligns with the PDCA cycle. The DGR EA Follow-up Monitoring Program was also designed to
be in conformance with CSA N288.4-10 (CSA 2010). Though the program review process is not described in detail in
the DGR EA Follow-up Monitoring Program (NWMO 2011), it instead references conformance with CSA N288.4-10.
Requirements for the annual report under CSA N288.4-10 (CSA 2010, Clause 11.2) are,
“The licensee shall prepare an annual report summarizing the results of the EMP. The licensee shall have a system in
place to ensure that reporting requirements specified by regulations, licences, and permits governing the operation of the
nuclear facility are met.” (CSA 2010, Clause 11.2.1)
“The report shall include
(a) The results of the EMP, including
(i) Measurements of the monitored hazardous and/or nuclear substances, physical stressors and physical and
biological parameters, including their statistical analyses (i.e. assessment of changes through time and
space)
(ii) Radiation doses calculated as doses to receptors where this is required;
(iii) An assessment of the EMP results compared with the performance indicator targets; and
(iv) Documentation and justification of any deviations from field sampling, and analytical and data management
procedures;
(b) A summary and assessment of the filed and laboratory QA/QC results, including any non-conformances;
(c) A summary of the audit and review results and subsequent corrective actions;
(d) A summary of any proposed modifications to the EMP; and
(e) Documentation, assessment, and review of any supplementary studies that have been initiated, completed, or
both.” (CSA 2010, Clause11.2.2)
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And;
“ The licensee should submit to the regulator, with sufficient time to review prior to commencing major modifications to
the EMP or supplementary studies associated with compliance elements of the program documentation of the proposed
modifications or supplementary studies to address findings from the EMP, including the proposed QA/QC plan.”
(CSA 2010, Clause 11.2.3)
The standard also requires that the performance of the program be assessed on an annual basis, and may be
incorporated into the annual report:
“An assessment of the annual performance of the EMP should be conducted, usually in conjunction with the preparation
of the annual report (CSA 2010, Section 11.3.1)
“The annual assessment of the EMP should identify the effectiveness of the existing EMP in accomplishing its objectives,
and EMP design problems, gaps, procedural problems, etc. “(CSA 2010, Clause 11.3.2)
“All aspects of the assessment process should be documented and recorded, including procedures, results, the
disposition of corrective actions, and verification of effectiveness of corrective actions” (CSA 2010, Clause 11.3.4)
“Periodic review of the need for and adequacy of an EMP shall be conducted according to the details outlined in
Clause 5.3 of this Standard” (CSA 2010, Clause 11.4)
Clause 5.3 outlines the criteria for the assessment (CSA 2010, Clause 5.3) :
“A periodic review of the need for and the adequacy of the EMP shall be based on the criteria set in Clause 5.2 together
with:
(a) The evaluation of the data that has been collected by the EMP;
(b) Any reassessment of the environmental risks;
(c) Assessment of whether the objectives of the EMP have been achieved” (CSA 2010, Clause 5.3.3)
Triggers for revisions to the EMP (i.e., management action) are described in Section 5.3.4 (CSA 2010):
“The design of the EMP shall be revised following the principles described in the Standard where the review specified in
Clause 5.3.3 indicates that
(a) The EMP objectives have not been adequately met;
(b) There is a change in the environmental risks; or
(c) There is a change in any requirement to measure the
(i) Concentration, intensity , or other appropriate characteristic of a contaminant or physical stressor; or
(ii) Effect on receptors in the environment.” (CSA 2010, Clause 5.3.4)
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Under NWMO’s EMS, environmental risks for the project are re-assessed periodically (typically annually). Environmental
risks are identified and assessed based on both consequence and likelihood. The environmental risk based on the
assessment is then rated as low, medium, medium-high or high. In accordance with Clause 5.3.4, any changes to the
environmental risks would trigger a revision of the DGR EA Follow-up Monitoring Program. Additional triggers for a
revision to the DGR EA Follow-up Monitoring Program (including updates to the mitigation or contingency procedures)
include:




the EMP objectives have not been adequately met;
the review (including analysis of the data) indicates a required change in the measurement of a contaminant or
physical stressor; or
a change in a requirement to measure the effects on a receptor.

In accordance with CSA N288.4-10, an annual review of the EA Follow-up Monitoring Program will be conducted. Gaps
in the program will be identified using the criteria listed in the standard, and changes will be made to the program. This
review will be completed in accordance with CSA N288.4-10.
In addition, all environmental programs are subject to self-assessment under the NWMO and the OPG EMS. For
example the program will typically be reviewed by a team of qualified persons of various expertise involved with different
aspects of the EA Follow-up Program (i.e., program coordinator, manager of engineering, QA/QC auditor). Assessment
tools, such as a Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis, will typically be used to assess
the program. The analysis of opportunities, weaknesses and threats will assist in the identification of potential program
gaps. The identified gaps would be addressed by considering possible improvements or recommendations for
improvement.
Typically the recommendations will be analyzed using a decision making tool such as a Force Field Analysis. Force
Field Analysis is a tool which is used to analyze forces for a change and forces against a change. Each force is
assigned a score, and the scores are summed. This tool helps prioritize decisions and can assist in the selection of the
appropriate improvement when two or more possible solutions are available. It can also be used to strengthen the forces
for a change and weaken those forces against a change to ensure the planned improvement is successful. A report will
be prepared based on the analysis, and recommendations and improvements will be tracked through the EMS.
Any environmental events or incidents that occur will also be identified as a nonconformance under the EMS. Events will
include any event that results in the implementation of a contingency plan, accidents and spills, but can also include
exceedances to criteria and unpredicted trends and effects. Through the EMS, these events will be identified as
‘nonconformance events’, and will cause the development and implementation of a corrective or preventative action.
Corrective actions typically include immediate actions to stop or mitigate the event, but can also include the need for
further identification of causal factors including root-cause analysis for events or incidents identified as having high
potential for significant consequences.
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The critical assumptions used in the design of the follow-up monitoring program to ensure that the program will provide
timely and effective feedback to the adaptive management cycle are:
1. Conformance with the NWMO ISO 14001 EMS, and CSA N288.4-10 standard will ensure that the annual
assessment of the program will contribute timely and effective feedback and will allow changes to be made to
the program.
2. Using a two-tiered (ISO 14001 and CSA N288.4-10) approach for environmental management will provide
redundancy thereby increasing the successful identification of potential gaps and the necessary corrective
actions.
3. The EA provides a conservative assessment of potential effects.
4. Inclusion of not only the monitoring of residual adverse affects but also the verification of adverse effects that
have been screened out of the assessment, in the EA Follow-up Monitoring Program, provides an additional
level of conservatism.
5. The additional baseline monitoring that will be completed prior to the site preparation and construction will
contribute to the overall effectiveness of the EA Follow-up Monitoring Program by facilitating the early detection
of trends that may lead to unpredicted effect.
6. The detailed sampling programs will be designed in accordance with CSA N288.4-10. The data quality
objectives (DQO) process will be used to determine sample frequency and sample size. The requirement for an
annual review of the data will be factored into the DQO process, particularly in the selection of sample frequency
and size to ensure the program is sensitive and responsive to trends.
7. As stated in CSA N288.4-10, “Under normal circumstances, the site ecology is not expected to change rapidly,
and any response to contaminants will likely be on the same time scale as changes in soil quality in the
terrestrial environment or sediment quality in the aquatic environment.” (CSA 2010, Section 5.3.2).
References:
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills. Canadian
Standards Association N288.4-10.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS 09-412

 Section 7.3,
Alternative
Means of
Carrying out the
Project

Information Request:
Provide the reasons, research, and justifications that have led SKB to adopt a 300-year period of institutional control
after closure for a deep geologic repository. Explain why OPG has adopted the same reasoning. Provide evidence that
the 300-year period of institutional control has been accepted by Swedish regulators and environmental agencies.
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Context:
The OPG response to EIS-05-194 part (c) cites five other countries regarding the time-frame for institutional controls
after closure of their repositories:
1. Sweden (SKB) has assumed a period of 300 years
2. WIPP proposes active control for at least 100 years after decommissioning
3. Finland has "precluded for 200 years at the most by means of land use restrictions and other passive controls."
4. France has taken the position for a surface facility (not relevant for the DGR)
5. Switzerland did not formally state a position
Of the five, only Sweden has stipulated a 300 year time frame of institutional control for a geologic repository.
OPG Response:
The purpose of institutional controls, after repository decommissioning and closure, is to minimize the likelihood of
inadvertent intrusion into the repository. For a Deep Geologic Repository (DGR), such an intrusion would be from drilling
and/or mining activity. For the postclosure safety assessment for OPG’s L&ILW DGR, it was assumed that inadvertent
intrusion would not occur for at least 300 years after the repository is closed.
As noted in the Preliminary Safety Report (OPG 2011, Section 8.7.1) and in OPG’s response to Information Request (IR)
EIS-03-50 (OPG 2012a), the postclosure safety of the DGR does not rely solely on institutional controls to minimize this
risk of intrusion. The location of the DGR and its depth both contribute to minimizing the likelihood of inadvertent
intrusion in the long term. Specifically, the DGR is sited in an area of low potential for economic extraction of natural
resources, and at a depth of 680 m it is far below the depth of casual excavation for construction purposes, as well as
the zone where potable water could be recovered. In addition, passive societal memory will ensure that knowledge of
the repository remains for at least several generations. A durable marker could also be placed at the site surface at
closure. The 300-year period before inadvertent intrusion reflects these considerations.
A 300-year period before inadvertent intrusion was assumed by SKB in their application for a construction licence for a
used fuel repository at Forsmark. Their rationale is based on similar considerations as given above. For their SR-Site
assessment for the proposed repository, SKB states (SKB 2010, Section 6.3.1):
“As discussed in Chapter 5, it is hard to imagine a societal evolution resulting in the loss of knowledge of the
repository, its purpose and content in combination with preservation or development of knowledge, technology
and society. It is likely that a society having the technical capability to drill to great depth also has the knowledge
to analyse their findings and possibly will act to prevent harmful effects on man and the environment. In the
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drilling scenario, it is assumed that technology to drill to great depth is available, that the knowledge of the
location and purpose of the repository is lost, that the intruders are incapable of analysing and understanding
what they have found and that no societal regulations on drilling exist. It is assumed that an evolution rendering
this situation will require some time. Countermeasures to prevent inadvertent intrusion are generally assumed to
be preserved for between 100 and 500 years, whereas physical markers may be effective on a longer time
perspective of up to a couple of thousand years /OECD/NEA 1995, Wilmot et al. 1999/. A KBS-3 repository is a
large industrial establishment that will be under operation for several decades and this type of facility has been
debated, investigated and analysed since the first nuclear power plants commenced operation in Sweden. It is
plausible that it will take some time before the knowledge about the repository is lost and also for society and
land owners to give up the control of activities such as drilling at the repository site. Based on this, it is assumed
that the drilling will take place 300 years or longer after repository closure.”
At present, the Swedish regulator has not commented on this position in their current review of the SKB used fuel
repository licence application. However a similar rationale regarding the 300-year timing for human intrusion also
appears in the previous SKB SR-Can assessment (SKB 2006, Section 12.10.5). This was not a licence assessment, but
was a detailed assessment in advance of the formal licence application. The Swedish regulatory review of SR-Can is
documented in SKI (2008). In that review, they note:
“The authorities’ preliminary assessment of SKB’s report in SR-Can is, however, that SKB’s method to identify
scenarios for human intrusion and other human activities is acceptable as a basis also for SR-Site.” (p.104)
Finally, with respect to timeframe assumed in other countries relative to the OPG DGR, note that the relevance of this
time frame is to define the earliest point at which inadvertent intrusion into the repository is considered credible and
evaluated. The OPG DGR for L&ILW is located either much deeper than the other repositories discussed in OPG’s
response to IR-EIS-05-194 (OPG 2012b) or is located in an area with less regional resource potential.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
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SKB. 2006. Long-term Safety for KBS-3 Repositories at Forsmark and Laxemar – A First Evaluation. Main Report of the
SR-Can Project. Swedish Nuclear Fuel and Waste Management Company Report SKB R-06-09. Stockholm, Sweden.
SKB. 2010. Handling of Future Human Actions in the Safety Assessment SR-Site. Swedish Nuclear Fuel and Waste
Management Company SKB TR-10-53. Stockholm, Sweden.
SKI. 2008. SKI’s and SSI’s Review of SKB’s Safety Report SR-Can. Swedish Radiation Protection Authority SKI report
2008:23, SSI report 2008:04E. Stockholm, Sweden.

EIS 09-413

 Section 16,
Follow-up
Program

Information Request:
Provide a hydrologic study which explains the existence of the wetlands close to the boundary of the DGR site. This
study should include the collected water level data, maps of water collection areas, water budgets for each wetland area,
and any changes to the collection area due to DGR activities.
Provide details of the follow-up monitoring programs planned for the wetlands.
Context:
An evaluation of the possible impact of DGR activities on the wetlands located near its borders requires an adequate
understanding of their hydrology, including explanations for why they have formed at these locations, how water levels
are maintained and what the seasonal changes are.
OPG's response to EIS-05-173 states “continued monitoring of water levels in the wetland and in the bedrock aquifer are
planned as described in the DGR EA Follow-up Monitoring Program (NWMO 2011b)". Wetland monitoring does not
appear to be mentioned in the Follow-up Monitoring Program.
OPG Response:
The wetland (marsh) located in the northeast portion of the site is likely the result of precipitation being retained in a
shallow depression. There are no inflows to the wetland other than surface runoff from a small catchment
(approximately 3 ha). The only outflow is intermittent discharge over a sill located in the northwestern area of the
wetland. This wetland drainage is directed to a drainage ditch that passes under Interconnecting Road via a series of
shallow constructed drainage swales. It is expected that wetland drainage only occurs after rainfall events that exceed
some unknown threshold value. During years when the precipitation exceeds the evaporation (e.g., average to wet
years), the wetland will likely contain water. However, during extended dry periods where the evaporation exceeds the
precipitation, the wetland may be nearly dry, if not completely dry.
Water levels in the northeast wetland (marsh) and southeast wetland (seasonal swamp) of the Project Area are not
expected to decrease as a result of shaft dewatering activities. The Project Area is underlain by a dense, low-
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permeability (K~10-10 m/s) glacial silt till (10 m thick), resulting in a very low potential for infiltration. At the time that the
EIS was prepared, this infiltration was conservatively estimated at 5 to 10 cm/yr. Subsequent modelling of the infiltration
into the till has been completed by Sykes (2012), and resulted in estimates of infiltration rates ranging from 0.33 cm/yr
(undisturbed till) to 0.036 cm/yr (graded waste rock management area – reference case scenario). This glacial till
aquitard prevents measurable drainage of water from the wetlands into the sub-surface, as discussed in OPG’s
responses to Information Requests (IRs) EIS-03-55, EIS-03-56, EIS-03-57 and EIS-07-298 (OPG 2012a, OPG 2012b).
Furthermore, the Zone of Influence (ZOI) from dewatering during excavation and construction of the shafts will not
approach any surface water courses or wetland features (as discussed in OPG’s response to IRs EIS-03-55 and
EIS-07-298 [OPG 2012a, OPG 2012b]). Finally, there is only one change to the drainage area within the Project Area.
Flow that currently drains to the North Railway Ditch and then to Stream C will be diverted to MacPherson Bay via the
stormwater management pond. This drainage diversion does not include the local catchments surrounding the wetlands
and will not affect inflows to the wetlands.
As evidence indicates that the northeast wetland (marsh) is formed by the retention of precipitation within a closed circle
depression in the glacial till surface, and that there are no defined inflows and only intermittent outflows, the completion
of a detailed hydrologic study was not considered necessary. In addition, as this northeast wetland (marsh) is perched
above a thick low permeability glacial till aquitard, influence with the underlying shallow confined carbonate bedrock
aquifer is considered negligible.
However, the DGR EA Follow-up Monitoring Program document (NWMO 2011, Tables 3a (Activity C-EA-AQ3) and 2
(Activity B-SW-5) respectively) outlines the proposed wetland follow-up monitoring, as well as, additional proposed
baseline monitoring. Staff gauge water level monitoring at a location in the northeast wetland is to be conducted as
follows:



Baseline: Monthly monitoring for a period of one year prior to site preparation and construction.
Follow-up: Weekly during the site preparation and construction phase. The program will be discontinued if there
is not an observed effect at the end of the construction phase.

In addition, baseline shallow groundwater monitoring will be conducted and will continue throughout the site preparation
and construction phase (see also OPG’s responses to IRs EIS-05-172 and EIS-05-173 [OPG 2012c] and NWMO 2011).
As the detailed project design is finalized, the monitoring program will be updated accordingly. The follow-up monitoring
programs will be assessed annually for effectiveness. At a minimum, the follow-up monitoring program will be evaluated
once every five years, or once during each project phase, to ensure the program remains effective and relevant
(NWMO 2011, Section 16).
References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
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DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
Sykes, J.F. 2012. OPG DGR Project: Analysis of Shallow Groundwater Impacts. Technical Memorandum DGR-TM03400 (P) R0. Toronto, Canada. (CEAA Registry Doc# 682)

EIS 09-414

 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Although the presence of shearing with horizontal offsets along natural fractures in the stratigraphic column at the DGR
site is not common, it does affect predictions about the integrity of the repository and its cap since it implies movement
within the rock mass at some stage in its history. Provide evidence on the timing of this motion and an evaluation of its
effects on the geomechanical integrity of the cap rock and repository.
Provide the criteria used to conclude that joints in the deep boreholes lack measurable offset when most of the fractures
are subvertical and the holes are vertical or steeply inclined
Context:
The natural fractures in the bedrock of the DGR site are characterized as joints and veins. Surface mapping (Outcrop
Fracture Mapping Report, page 13) of these features shows that some of these features "display horizontal offsets of
intersecting fractures. Horizontal offsets range from 2 mm to 15 cm." The same report records: "Contemporaneous,
mutually cross-cutting joint sets with dihedral angles between 10° and 50° are considered to be conjugate hybrid joints,
which are thought to form by shear failure under transitional-tensile conditions (Hancock 1985). However, this
interpretation is disputed by some authors (Engelder 1999)." (page11)
OPG Response:
An assessment of the absolute age and thermochronology of fracture infill calcites within the surface-exposed Devonian
age carbonates (Lucas Formation) and the Ordovician Black River Group carbonates provides evidence that constrains
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the timing of fracture formation and fluid movement within these sediments. Reports associated with these assessments
that include an analysis of calcite fluid inclusion formation temperatures (Diamond and Caldas 2013), and U/Pb dating of
fracture infilling calcite (Davis 2013), are enclosed with responses to Information Requests (IR) EIS-09-427 and IR-EIS09-428, respectively.
Additional information on geomechanical integrity, particularly with respect to the Ordovician cap rock exists in the
description and confidence in attributes of the geomechanical model (INTERA 2011, Sections 5.1.1, 5.7 and 5.11),
natural analogue evidence for the long-term barrier integrity of the Ordovician shale cap rock (Engelder 2011), the
analysis of long-term geomechanical stability of the cap rock (ITASCA 2011, Section 6.2), and the hydrogeologic
understanding of the site that reflects geologic preservation of low formation scale hydraulic conductivities (<10-13 m/s)
inconsistent with transmissive fracture occurrence. Further, as illustrated by sensitivity analyses conducted by ITASCA
(2011, Section 6.3), geomechanical integrity of Ordovician cap rock is passively assured as progressive yielding of the
rock mass during future perturbations (i.e., seismicity, glacial loading) prevents caving-related damage from propagating
into the Blue Mountain Formation, the lowest unit in the shale cap rock.
The U-Pb dating of calcite fracture infill by the Jack Satterly Geochronology Laboratory (University of Toronto) indicates
emplacement on geologic timeframes (Davis 2013). Within the Devonian age Lucas Formation mapped by
Cruden (2011), calcites yielded middle Cretaceous and early Paleogene ages of approximately 110 and 51 Ma that are
interpreted to represent the timing of fracturing and fluid migration events. Within the Ordovician Black River Group
calcite fracture infill ages are consistent with vein emplacement relatively soon after sediment deposition,
445 +/- 42 million years ago. Preliminary calcite fluid inclusion data based on analyses performed at the University of
Bern Rock Water Institute indicate multiple generations representing at least 4 emplacement events with temperatures
ranging between 42 and 89°C (Diamond and Caldas 2013). Combined these data strongly indicate that the origin and
timing of fracture formation and vein emplacement was unrelated to external perturbations during the Quaternary (last
2.53 million years). With regard to the geomechanical integrity of the site, there is no visual evidence of re-activation
(faulting) along the vein-host rock interface to suggest that the deeper vein-filled fractures were affected by any
subsequent tectonic events.
With respect to Cruden (2011) it is important to recognize that of the 610 surface joints and veins measured, only 1.6%
(10/610) exhibited measurable offset. As mentioned above, the deeper joints and veins intersected by DGR boreholes
and recovered in core showed no evidence of re-activation. In addition, the moderately inclined boreholes DGR-5 and
DGR-6 were purposefully oriented to maximize intersection with known fracture orientations and apparent structural
features revealed by the 2-D seismic reflection study in the Ordovician sediments. Based on this inclined drilling no
evidence of fractures with measureable offsets were documented (INTERA 2011). This finding, coupled with the high
degree of lateral consistency in formation thicknesses (NWMO 2011, Section 2.3.4), and the understanding that facies
variations occur at greater than site scales (NWMO 2011, Section 7), argues against the formation of complex structures
such as syn-sedimentary faults with measurable offset within the subsurface Paleozoic sequence at the site.
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Information derived from the above assessments provides compelling and independent lines of evidence that provide a
high degree of confidence that the geomechanical integrity of the cap rock as influenced by the construction of the DGR
will remain unaffected. Further information regarding the favorable geologic attributes of the Ordovician bedrock
proposed to host and enclose the DGR, particularly with respect international sites considered for long-term radioactive
waste management purposes, are described by the NWMO (2011, Section 7.2 and 7.3).
References:
Cruden, A. 2011. Outcrop Fracture Mapping. Nuclear Waste Management Organization report NWMO DGR-TR-201143 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Davis, D.W. 2013. Interim Report on U-Pb Geochronology of Vein Calcite and Limestone. University of Toronto.
Toronto, Canada.
Diamond, L.W. and R. Caldas. 2013. Fluid Inclusion Study of DGR Drill Core. University of Bern.
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-415

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

Provide criteria (other than indirect evidence of selective salt dissolution) that were used to eliminate the possibility of
tectonic origins of the brecciated and extensively fractured horizons in the deep drill cores.

The Amherstburg Formation is described as extensively fractured and vuggy. In the Salina Group brecciation is evident
in the middle and lower part. (PSR page. 87 & 89). Both of these features are frequently associated with faulting.
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OPG Response:
The understanding of the geologic processes that lead to the brecciation and increased fracturing of the Silurian and
Devonian age sediments is based on published literature (e.g., Sanford et al. 1985; Armstrong and Carter 2006). Based
on this information the observed conditions are thought to have originated from the extensive dissolution of Salina Group
salt, as discussed in the Descriptive Geosphere Site Model (INTERA 2011; Sections 3.6, 3.8.3, 5.1.1.1) and in the
Geosynthesis (NWMO 2011, Section 2.2.5.4). Sanford et al. (1985) suggested that salt dissolution was coincident with
the timing of the Caledonian and Acadian orogenic events during the Paleozoic Era. In addition, Bailey and Cochrane
(1985) suggested that local, dramatic variation in thickness of the Bass Islands Formation at the top of the Silurian
resulted from syn-depositional salt dissolution. More recently, the absolute timing of emplacement of vertical joints and
veins in surface exposures of the Devonian Lucas Formation was assessed through Uranium-Lead (U-Pb) radiometric
age analysis by the Jack Satterly Geochronology Laboratory (University of Toronto) (see also OPG’s response to
Information Request EIS-09-428). This recent work determined that the joint/vein structures formed during a protracted
interval of time between approximately 110 and 51 million years ago, consistent with their development during the uplift
and erosional unloading stage of the burial history curve (NWMO 2011, Section 2.2.5.3). Some of the brecciation and
fracturing observed in the Silurian and Devonian intervals within the DGR core could also be attributed to tectonic
processes occurring during this period. Therefore the approximate 51 Ma age provides a reasoned minimum (youngest)
estimate for fracture development both at the Bruce nuclear site and regionally that has not been previously suggested in
the literature.
These brecciated and fractured Silurian and Devonian sediments have been taken into account in the hydrostratigraphic
characterization and numerical modelling studies the support the DGR safety case. The brecciated and fractured
Silurian-Devonian sequences comprise hydrostratigraphic units #2 and #3 (INTERA 2011, Section 4.13).
Hydrostratigraphic unit #2, which extends from the top of bedrock through to the base of the Bass Islands Formation, is
-4
characterized as a permeable dolostone aquifer with horizontal hydraulic conductivities ranging between 1 x 10 and
-8
8 x 10 m/s, and generally decreasing with increasing depth. This is the shallow groundwater zone with fractureenhanced permeability. Hydrostratigraphic unit #3 comprises several low permeability Silurian shale, dolostone and
anhydrite aquitards down to the base of the Silurian sequence, with average horizontal hydraulic conductivity ranging
between 5 x 10-14 to 3 x 10-10 m/s. The observed existence of evaporitic (gypsum, anhydrite) veins and nodules
(INTERA 2011, Figure 3.19), coupled with the low permeability characteristic, indicates that the brecciated and fractured
regions of hydrostratigraphic unit #3 have been largely self healed.
In summary, consistent with previously published literature (e.g., Sanford et al. 1985; Armstrong and Carter 2010), and
based on more recent work (Davis 2013), the brecciated and fractured Silurian and Devonian sequences beneath the
Bruce nuclear site appear to have formed as a result of both Paleozoic and Mesozoic to early Cenozoic tectonism. The
existence of these brecciated and fractured horizons has been captured in the DGR safety case.
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EIS 09-416

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide an analysis of the scale and nature of microfacies and sequence stratigraphic variability (beds, bed-sets,
parasequences) within the cap rock stratigraphic sequence of the DGR and quantitatively re-evaluate stratigraphic
continuity in this interval..
Context:
The information provided in the EIS and PSR leaves considerable uncertainty about the scale and degree of
sedimentological and stratigraphic continuity within the shaledominated succession forming the 200m cap over the
repository. Whereas two marker beds demonstrate site-scale continuity (by definition), the continuity of intervening
sequences is much less certain.
The accurate prediction of the lithologic composition of the rock mass over the site area, both vertically and horizontally,
is of crucial importance. Only when correct lithologies have been determined can the appropriate geophysical,
geomechanical, and hydrogeological parameters be assigned to units. The EIS and PSR rely on lithofacies analysis on
the Upper Ordovician (cap rock) and on Middle Ordovician (repository) stratigraphic intervals to provide evidence on
strata continuity. In the oil/gas industry such correlations are now usually done using sequence stratigraphic principles
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based on depositional environment models.
The enhanced predictability achieved by this approach is generally accepted.
Fine-grained organic carbon-rich sedimentary successions are being intensively studied because of their shale gas
potential. It has been found that they are much more variable than most researchers had previously assumed and that
the variability present is apt to be predictable using sequence stratigraphic principles. This arises because even in muddominated successions differences in relative sea level likely control grain size, mineralogical composition, organic
matter content and subsequent diagenesis.
Marker beds, by definition, are laterally continuous over considerable distances. However, their continuity by no means
guarantees the continuity of the intervening beds.
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011a) and Preliminary Safety Report (PSR) (OPG 2011b) documents
summarize, in part, the results and analysis from the regional and site-scale geological characterization activities at and
proximal to the Bruce nuclear site. Additional information presented in the Geosynthesis (NWMO 2011) and the
Descriptive Geosphere Site Model (DGSM) (INTERA 2011), provides a broader analysis of the information that was
collected. Descriptions therein highlight the consistency between the DGR borehole datasets, including presentation of
multiple lines of evidence which indicate that the lateral sedimentological and stratigraphic continuity of the cap rock
sequence has been adequately characterized at the formation and sub-formation scales across the site. A high degree
of confidence can be placed on these results and the support for this assertion is presented below.


There is a marked consistency in formation thickness and attitude (strike/dip) for the Ordovician sequence that
comprise the cap rock across the site (NWMO 2011, Table 2.14). These results are also consistent with the sitescale geometry realized by the 2-D seismic survey (Watts et al. 2009).



Formation and sub-formation scale correlation between the DGR boreholes and the Texaco #6 borehole, located
2.9 km southeast of borehole DGR-1/2, further highlights the uniformity and laterally consistency in the
distribution of the Ordovician cap rock sequence (INTERA 2011, Section 3.13.1 and Figure 3.71).



There is a marked consistency of natural gamma profiles between boreholes that surround the proposed DGR
footprint indicating that sub-formational lithofacies within the cap rock sequence, and their attendant
mineralogical make-up, are uniformly distributed laterally across the site (NWMO 2011, Figure 2.30).



A bi-modal porosity profile for the cap rock sequence (e.g., NWMO 2011, Figure 7.1) indicates that the subformation scale lithological control on this property (shale facies ca. 7.4 % porosity; interlayered clastic and
carbonate hard beds ca. 2.5 % porosity) (INTERA 2011, Section 4.3.2 and Table 4.3), has been adequately
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characterized.


There is a marked uniformity in pore fluid natural tracer profiles between the cored DGR-series boreholes
(NWMO 2011, Section 4.4.1). Assessment of the vertical environmental tracer profiles provides site specific
evidence of a long-lived diffusion dominant transport regime that would be inconsistent with the presences of
facies changes or geologic structure providing transmissive pathways within the Ordovician sediments.



In-situ hydraulic testing yielded horizontal rock mass hydraulic conductivities (2x10-14 to 3x10-14 m/s) within the
shale cap rock consistent with the properties of an aquiclude (INTERA 2011, Section 4.13.5). Such uniformity in
hydraulic properties at the kilometre scale would be inconsistent, in light of the points above, with material
changes of lithofacies occurring to influence site conditions.



The shale cap rock sequence is associated with abnormal formation under-pressures that are indicative of
extremely low formation scale hydraulic conductivities (INTERA 2011, Section 4.12.2). The formation underpressure, which is more than 200 m below the elevation of Lake Huron, preserves a hydraulic signature that
would be inconsistent with hydraulic perturbation expected from the existence of facies changes or geologic
structure materially different from that observed at the DGR boreholes.



The results from drilling, rock core logging and sampling of borehole DGR-8 (Briscoe and Sterling 2012), at the
location of the proposed main shaft, were entirely consistent with the stratigraphic results presented in the
Geosynthesis (NWMO 2011, Section 2.3.3.1) and the DGSM (INTERA 2011, Section 3.5), suggesting that
lithofacies variations are not materially significant at the scale of the proposed DGR footprint.



An analysis of the integrity of the Ordovician cap rock sequence using regional-scale natural analogue examples
from the Appalachian Basin (Engelder 2011), found that the favourable properties of anomalous formation-scale
under-pressure, low permeability, low thermal maturity and lack of natural hydraulic fracturing, evident in all of
the DGR boreholes, would make it well-suited to act as a significant barrier to contaminant transport.

In summary, consistency within the unique DGR datasets including, the continuity of lithostratigraphic units based on
core logging in vertical and inclined boreholes, uniformity in physical formation scale hydrogeologic properties, sitespecific analogues (abnormal formation heads; environmental tracers) indicative of long-term groundwater system
stability and regional studies of cap rock integrity, provide a high degree of confidence that the Ordovician cap rock
sequence is laterally continuous to the sub-formation scale. Corroborating evidence such as this is not typically available
in studies relying on sequence stratigraphic principals alone and has been particularly useful in independently confirming
site properties at the scales separating the DGR boreholes. Based on the multi-disciplinary approach described above
and evidence indicating the existence of a long-lived diffusion dominated transport regime in the Ordovician sediments a
strong case can be put forward that the formation to sub-formation scale properties are laterally continuous in the vicinity
of the DGR footprint.
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EIS 09-417

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Provide information of the influence of stress relief on:

Provide the quantitative basis for the assertion that measured permeability is overestimated by a "factor of 10 to 100 for
Ordovician limestones and 100 to 1000 for Ordovician shales."

a) measured effective diffusion coefficients
b) any other physical parameter that may be affected
Context:
Laboratory tests of DGR core samples from the Ordovician limestones and shales are strongly influenced by the
irrecoverable damage to the cores due to stress relief and microcrack formation.
Page 63 of the PSR states: “For permeability this results in overestimates by a factor of 10 to 100 for Ordovician
limestones and 100 to 1000 for Ordovician shales." Other properties measured on such core samples may also be
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expected to have been influenced by stress relief.
OPG Response:
Rock core permeabilities were determined at Core Laboratories using pulse-decay permeability (PDP) methods to
estimate permeabilities to both gas and brine on “as received” (containing brine) and “clean and dry” (brine and salts
removed by Dean Stark fluid extraction and convection drying) samples. ‘As received’ cores provide a measure of the
effective gas permeability of the sample in the presence of brine. “Clean and dry” samples provide measurements of
permeability in the absence of any other fluid in the pore space (i.e., intrinsic permeability). The lowest ‘as received”
permeabilities, approximately 10-21 to 10-20 m2, were measured in the Salina F, C, B, A2 and A0 Units, and the Goat
Island, Gasport, Manitoulin, Queenston, Georgian Bay, Cobourg, Sherman Fall, Kirkfield and upper Coboconk
formations, and values of up to 10-16 m2 were measured in the Ordovician shales. The lowest “clean and dry”
permeabilities, 10-21 to 10-20 m2, were measured in the Salina A1 Unit, and Goat Island, Gasport, Manitoulin, Georgian
Bay, Collingwood, Cobourg, Kirkfield and upper Coboconk formations, with values of up to 10-15 m2 measured in the
Ordovician shales (INTERA 2011, Section 4.3.4).
As described in the Descriptive Geosphere Site Model (DGSM) (INTERA 2011, Section 4.3.4), the estimates of rock
permeability are assumed to be overestimates due to potential damage to the rock core during drilling, retrieval and
sample preparation in the laboratory. Core damage/disturbance is considered primarily to be attributable to laboratory
handling and preparation, as all samples for permeability testing were sub-cored in the laboratory from the parent rock
core (Whitney and Lee 2010, Jackson and Wigston 2010, Raven and Jackson 2011; TR-07-18, TR-08-28 and TR-09-08,
respectively). Physical and/or chemical damage to core during cleaning and drying are also interpreted to have an
impact on the laboratory permeability measurements. Calculated gas intrinsic permeabilities can be up to four orders of
magnitude higher than the brine permeabilities for different sub-cores of each sample (INTERA 2011; Figure 4.17). The
results of the permeability testing suggested that the process of cleaning and drying the rock cores results in disturbance
and damage to the core and enhancement of core permeability. It was also noted that such disturbance appears to be
more significant in the Silurian formations and the Ordovician shales than in the Ordovician carbonates.
A number of Canadian and international results, as well as the permeability models for carbonates and shales of
Lucia (1999), were considered in order to assess the potential overestimations of permeability for the various formations
as a result of sample disturbance. These bounds on the permeability overestimates are described in detail in the DGSM
(INTERA 2011, Section 4.3.4) and are summarized briefly below:
Permeability overestimation due to mechanical core damage was estimated, in part, from available reports from
Canadian and international work programs (e.g., Martin and Stimpson 1994, Martin and Lanyon 2003, Neuzil 1993),
as well as from natural analogue work performed on similar rock types in southern Ontario. The minimum amount
of overestimation was inferred to be ten-fold, as reported for Lac du Bonnet granite at depths between 400 and
800 mBGS at the AECL Underground Research Laboratory (Martin and Stimpson 1994). The minimum
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overestimation is assumed to be most applicable to the more competent rocks at the Bruce nuclear site, including
the Silurian dolostones and Ordovician limestones. The maximum amount of overestimation that was indirectly
inferred is based on the properties of the stress-relieved excavation damaged zone (EDZ) reported for the Opalinus
Clay at the Mont Terri Rock Laboratory. Martin and Lanyon (2003) reported that hydraulic properties of the EDZ in
Opalinus Clay at Mont Terri are 100 to 10,000 times higher than undisturbed clay shales with permeability of about
10-20 m2, which are similar to the values measured at the Bruce nuclear site for both the ‘as received’ and ‘clean
and dry’ rock cores. The maximum overestimations are assumed most applicable to the less competent rocks at
the Bruce nuclear site, i.e., the Ordovician shales. These overestimation factors were applied to the test results
(‘clean and dry’ values) and the calculations suggest that the in-situ vertical permeability of undisturbed Ordovician
shales and limestones should approximate 10-21 m2 or less. These estimates of undisturbed in-situ permeabilities
were supported also by published data of Neuzil (1994, 1993) who noted up to 100-fold overestimations in
permeability by laboratory testing due to sample disturbance. Compilations of porosity and permeability data
(Neuzil 1994, Neuzil 1993) for argillaceous formations indicates that shale and limestone rocks of similar porosity to
those measured in DGR Ordovician formations are likely to have permeability of less than 10-20 m2. Work
performed by Waber et al. (2007) indicates that shallow samples of Cobourg limestone collected from a borehole
depth of 62 m depth at the St. Mary’s Cement quarry near Bowmanville, Ontario, had vertical permeabilities of
about 10-20 m2. Vilks and Miller (2007) reported similar values for intact rock vertical permeability under triaxial
confining pressures of 4-15 MPa for Cobourg limestone core (10-22 m2) collected near the St. Mary’s Quarry and for
Queenston shale (10-21 m2) core collected at Niagara Falls.
The petrophysical carbonate model of Lucia (1999), which includes considerations of permeability and porosity,
suggests that most of the Ordovician limestones (and many of the Ordovician shale hard beds) for which laboratory
permeability data was measured are two or more orders of magnitude higher in gas permeability than the model
would predict (INTERA 2011, Section 4.3.4). When the measured site data is input into the model at permeabilities
of 10-21 m2 the model results and data are quite consistent, which suggests that 10-21 m2 may be the best
representative value of in-situ permeability for the Ordovician limestones and higher measured values are likely due
to sample disturbance. For more detail on the petrophysical carbonate model of Lucia, see the DGSM
(INTERA 2011, Section 4.3.4, p.161).
In addition to the information provided above, there are a number of independent measurements of formation properties
that also support the assessment that laboratory-determined permeabilities are overestimates. In-situ hydraulic testing
indicates that horizontal hydraulic conductivities are on the order of 10-15 to 10-12 m/s (INTERA 2011, Figure 4.89), and
effective diffusion coefficients measured in the laboratory are consistently less than 10-11 m2/s (NWMO 2011, Figure 5.7)
in the Ordovician formations. The existence of under-pressured and over-pressured hydraulic conditions within the
Ordovician formations at the Bruce nuclear site indicate that rock mass hydraulic conductivities must be low in order for
such pressure conditions to be maintained (Sykes et al. 2011, Section 6.1).
As summarized above, the Core Laboratories estimated permeability values are considered unreliable due to potential
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damage to the core during drilling, shipment to the laboratory for testing and, particularly, during handling and sample
preparation (sub-coring). The bounds for overestimation are derived from available literature and from work performed
on similar rock types collected in southern Ontario, as well as from supporting in-situ and natural analogue data collected
at the Bruce nuclear site that strongly support the assessment of extremely low rock mass permeabilities. The effects of
stress relief and core damage on estimated diffusion coefficients and other physical parameters determined in the
laboratory have been considered and are discussed below.
a) In order to assess the impact of core relaxation on the DGR cores and the effective diffusion coefficient
estimates, the effects of confining pressure on the diffusion of tritiated water (HTO) and iodide (I-) tracers was
investigated at the University of New Brunswick using Ordovician rock cores from the Bruce nuclear site (Xiang
and Al 2012). Four samples were analyzed, including the Queenston Formation shale, the Georgian Bay
Formation shale, the Cobourg Formation limestone and the Cobourg Formation argillaceous limestone.
Effective diffusion coefficients (De) were determined by through-diffusion, with confining pressures that ranged
from atmospheric to 17.4 MPa. The results indicate that the application of confining pressure, intended to
simulate lithostatic loading at the Bruce nuclear site, act to reduce some of the mechanical damage/disturbance
due potentially to stress relief and sample disturbance in the laboratory, resulting in lower effective diffusion
coefficients for both HTO and I-. As summarized in Xiang and Al (2012), increasing confining pressure using
HTO resulted in a decrease in De values by 14% for the Queenston Formation shale (12.0 MPa), 32% for the
Georgian Bay Formation shale (15.1 MPa), 34% for the Cobourg Formation limestone (17.4 MPa), and by 31%
for the Cobourg Formation argillaceous limestone (17.4 MPa). Similar results were also noted using the I-tracer.
De values were observed to decrease by 17% for the Queenston Formation shale, 44% for the Georgian Bay
Formation shale, 35% for the Cobourg Formation limestone, and by 33% for the Cobourg Formation argillaceous
limestone. The results suggest that decreases in De (from approximately 15 to 45%) would be anticipated under
confining pressures relative to values measured under unconfined laboratory conditions. Though this is an
indirect analogue to the effects of mechanical and laboratory disturbance, the results suggest that any
mechanical damage or disturbance to the cores, as well as the determination of the De values under atmospheric
conditions, would result in higher and more conservative estimates for the effective diffusion coefficients,
suggesting that the values estimated for the DGR cores from the Bruce nuclear site are conservative and are
likely lower in-situ than those presented in the Preliminary Safety Report (OPG 2011), Geosynthesis
(NWMO 2011) and the DGSM (INTERA 2011).
b) Another physical parameter that could be affected by stress relief is the mechanical properties of the rock. For
example, 67 Cobourg limestone rock cores retrieved from the DGR boreholes display some variation in uniaxial
compressive strengths (UCS), which could be attributable to sample disturbance. The peak UCS measurements
range from 58 to 175 MPa, with an arithmetic mean of 113 MPa and a standard deviation of 25 MPa
(NWMO 2011, Figure 3.3). It is difficult to distinguish what percentage of the 25 MPa variation in UCS is
attributable to pre-existing damage (i.e., resulting from samples being unloaded from depth) or from other
1392

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
influence factors, such as variations in mineral composition within the formation and laboratory processes
(NWMO 2011, Section 3.2.1.1). This type of variation is generally accounted for in geomechanical analyses by
conservatively factoring rock strength parameters, as was done for the Cobourg Formation limestone at the
Bruce nuclear site; in the case of the Cobourg limestone, an initial or upper bound rock mass UCS of 90 MPa
(mean – 1 standard deviation) was selected for the long-term geomechanical stability analysis of the DGR
(NWMO 2011, Section 6.4.4.2).
In summary, the rock mass permeabilities determined in the laboratory for the drillcores collected during site
characterization activities at the Bruce nuclear site are considered to be overestimates of in-situ permeability due to the
potential for sample disturbance (INTERA 2011, Section 4.3.4; NWMO 2011, Section 5.3.2). Stress relief is a potential
factor that may influence estimates of rock properties, and particular emphasis in the assessment of core damage is
placed on the potential for laboratory handling and preparation to have impacted the permeability results. A number of
corroborating independent data provide greater confidence in the low rock mass permeabilities than determined from the
work of Core Labs, including in-situ hydraulic conductivities, laboratory estimates of De, and site-specific natural
analogue studies of abnormal under- and over formation within the Ordovician rock mass.
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EIS 09-418

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Elaborate on the use of "Terzaghi correction" on contoured equal-area polar plots of fractures (Descriptive Geosphere
Site Model TSD, Section 3.12.2).

Provide a probabilistic analysis that relates observed fracture frequency/density in the drill holes to their absolute
abundance in the rock mass (i.e., fractures per cubic metre) and quantify the associated uncertainties.

Context:
The natural fracture frequency observed in the deep boreholes is used to reach the conclusion that " the deeper Silurian
formations and the Ordovician shales and limestones (including the DGR host formation, the Cobourg Formation
limestone) are very sparsely fractured to unfractured" (PSR, page 61).
The validity of this conclusion is dependent on the probability that a borehole will intercept a fracture, taking into account
the inclination of the fracture and that of the borehole. Also, fracture frequency in the boreholes is a relative measure and
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does not characterize the 3D properties of the rock mass.
Fractures (joints) occur in sets of discrete orientation and inclination, not in random distributions. Therefore, even an
inclined borehole may have a low probability of intersecting a subvertical set.
OPG Response:
Because the vertical borehole data for the Ordovician-age formations are sparse with 33 total measurements across all
formations and the data has an inherent sampling bias against steeply-dipping structural features, data was obtained
from inclined boreholes DGR-5 and DGR-6 so that a statistically meaningful lateral section of rock could be sampled for
quantification of the joint and vein distribution within the subsurface. The orientations of these two boreholes were
selected to maximize the possibility to intersect the most likely structural features at the DGR project site. The majority
of steeply-inclined joints within the Ordovician section occur in the Georgian Bay and Blue Mountain formations, with only
three in the Collingwood and none in the Upper or Lower Cobourg and Sherman Fall formations. The table below
summarizes the number of inclined fractures identified in Ordovician formations in DGR-1 to DGR-6 boreholes.
Borehole

Ordovician Formations
Core Logging
ATV Logging
13
4
44
9
16
1
28
8
31
11
132
33

DGR-1 and DGR-2
DGR-3
DGR-4
DGR-5
DGR-6
Total

Note: Data extracted from Table 3.14 in DGSM (INTERA 2011)

From stereonet plotting, a vertical joint set in the Blue Mountain Formation striking ESE appears to dominate the data.
The Queenston Formation shale is characterized by a random moderately inclined set of fractures while the measured
orientations in the Georgian Bay Formation are randomly distributed with moderately and steeply-inclined structures. To
assess the potential for a blind zone based on these two holes, the Ordovician Shale (Queenston and Georgian Bay)
data are plotted with respect to the borehole ID (Figure 1). Zones that are theoretically blind to one borehole or the other
(but not necessarily both) can be illustrated in both Figures 1 and 2. Areas with no data that correspond to these blind
zones (extending 10-15 degrees on either side) could be considered uncertain regions of the orientation space (no data
to correct for bias). This overlap of no data with theoretical blindness accounts for 5 to 10% of the orientation space at
most. Given the otherwise random nature of the inclined structures within these shale units, it can be assumed that this
represents merely a further correction to the data represented and is highly unlikely to conceal an unrepresented fracture
set.
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Figure 1: Pole data from DGR-5 and DGR-6 for the Queenston and Georgian Bay formation Shales only. The
two planes represent the centers of pole blind zones for each borehole. The intersection of the
planes represents a mutual blind zone.
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Figure 2: Data contoured with Terzaghi weighting for borehole bias. Shaded areas represent pole orientations
with no measured data within a blind zone for either DGR-5 or DGR-6 (but not both). These zones
represent approximately 5% of the orientation space. Great circles represent centres of theoretical
blind zone for each borehole.
The rosettes in Figures 3 and 4 can be used to analyze the corrected relative frequencies of the joints with a dip greater
than 45 degrees. Without resorting to complex empirical relationships and unreliable fracture statistics, these
frequencies can be interpreted as the theoretical occurrence over 120 m of horizontal borehole in any direction (sum of
horizontal coverage in DGR-5 and DGR-6 through the shale formations). The bias correction is a severe deterministic
function for correction so the resultant spacings can be considered conservative. The minimum spacings are presented
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with the joint strike clusters in the rosettes.
Note that these joints are highly unlikely to be fully persistent on the scale of an individual unit and extremely unlikely to
penetrate both shale units as continuous structures due to the stratification and interface mechanics between extension
fractures and bedding contacts. In summary, the two most common inclined sets within the Queenston Formation Shale
and the Georgian Bay Formation Shale could have a spacing of approximately 7 to 8 m. Neither of these two sets are
present in both formations. It is not possible to assess the persistence of individual features. Missing data due to blind
zones in the orientation space are unlikely to alter this model.

Figure 3: Weighted rosette of strike traces representing number of inclined structures (>45 degree dip) with
120 m horizontal projection of boreholes (360 m total length) through the Queenston and Georgian
Bay formation Shales. Values on perimeter represent the likely minimum spacings of 4 major
clusters. (frequencies for joint sets are counted above apparent random noise level of 4 joint per arc
segment)
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Figure 4: Weighted strike rosettes and estimated equivalent horizontal spacings with (left) the Queenston
Formation Shale and (right) the Georgian Bay Formation Shale. Note that the most frequent joint
sets in each formation are not significant in the other formation (do not persist between
formations).
Reference:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS 09-419

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Explain why pyrite is considered a trace component in the Paleozoic rocks (< 2%) when semi-quantitative XRD analyses
record values sometimes well above 2%.
Provide the definitions of trace, minor, and major components used in all mineralogical, geochemical & petrological
studies.
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Context:
On page 98 of the PSR it is stated "Sphalerite (Lucas and Georgian Bay formations), marcasite (Kirkfield Formation and
Cambrian), and pyrite (entire Paleozoic interval) are present in trace amounts within the host rock and secondary vein
infillings."
Semi-quantitative XRD analyses from the Georgian Bay and Blue Mountain formations commonly record values > 2%.
E.g., samples DGR4-627.38 & DGR4-638.49 with 7.6 % pyrite (NWMO TR-08-23)
OPG Response:
As stated in the Descriptive Geosphere Site Model (DGSM) (INTERA 2011, Section 3.8), the definitions of trace and
minor are as follows: trace, <2% by weight; minor, 2-10% by weight.
As described in the Information Request and Context above, it is agreed that the statement on page 98 of the
Preliminary Safety Report (OPG 2011) should have read ‘trace to minor’ instead of ‘trace’. The full text should read
similarly to the information presented in the DGSM (INTERA 2011, Section 3.8) in the context of the mineralogical
analyses of the rock cores, which note the presence of sphalerite (Lucas and Georgian Bay formations), marcasite
(Kirkfield and Cambrian formations) and pyrite (entire Paleozoic sequence) in trace to minor amounts within the host
rock and secondary vein infillings. Pyrite occurs in trace amounts in the majority of the sedimentary sequence; however,
there are isolated intervals in the sedimentary sequence where the pyrite weight fraction is between 2 and 8% (Georgian
Bay Formation – 1.2 to 4.7%, Blue Mountain Formation – 0 to 7.6%, Cobourg Formation – 0 to 3%, and Cambrian – 0 to
7%), and one isolated measurement in the middle Cambrian (DGR-4: 849.11) at 18.7% (Wigston and Jackson 2010a).
All other analyses of the Cambrian rock (DGR-2, DGR-3 and DGR-4) measure pyrite fractions between 0 and 7%
(Whitney and Lee 2010, Skowron and Hoffman 2009a, Skowron and Hoffman 2009b, Schandl 2010a, Schandl 2010b,
Wigston and Jackson 2010b), with the vast majority occurring between 0 and 2%. This revision does not alter
conclusions presented in the Geosynthesis.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Schandl, E. 2010a. Petrographic Analysis of DGR-3 Core. Intera Engineering Ltd. report TR-08-20 Rev.0.
GeoConsult, Toronto, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Schandl, E. 2010b. Petrographic Analysis of DGR-4 Core. Intera Engineering Ltd. Report TR-08-21 Rev.0.
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GeoConsult, Toronto, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Skowron, A. and E. Hoffman. 2009a. XRD Mineralogical Analysis of DGR-1 and DGR-2 Core. Intera Engineering Ltd.
report TR-08-01 Rev.0. Activation Laboratories Ltd., Ancaster, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Skowron, A. and E. Hoffman. 2009b. Geochemical and SEM/EDS Analysis of DGR-1 and DGR-2 Core. Intera
Engineering Ltd. report TR-08-02 Rev.0. Activation Laboratories Ltd., Ancaster, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Whitney, C. and R. Lee. 2010. Laboratory Petrophysical Testing of DGR-2 Core. Intera Engineering Ltd. report TR-0718 Rev.2. Core Laboratories, Houston, USA. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Wigston, A. and R.E. Jackson. 2010b. Mineralogy and Geochemistry of DGR-3 Core. Intera Engineering Ltd. report
TR-08-22 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Wigston, A. and R.E. Jackson. 2010a. Mineralogy and Geochemistry of DGR-4 Core. Intera Engineering Ltd. report
TR-08-23 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

EIS 09-420

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide quantitative information on how the geomechanical properties of core intervals that show disking vary from those
tested. Explain how the derivation of average properties (e.g., Uniaxial Compressive Strength) of the cap rock units takes
account of selective sampling arising from the avoidance of intervals showing disking.
Context:
Disking of the drill core is commonly recorded in the drill logs of the Upper Ordovician shale-dominated sequence and
influenced core selection for geomechanical tests. For example, "Core samples of the Blue Mountain Formation
exhibited significant disking of core following core retrieval and during core logging, photography and sample shipment to
the testing laboratory."
This sample disturbance resulted in several cores being unsuitable for testing upon examination at the laboratory and
likely influenced the representativeness of the core rock strengths determined from laboratory testing for the Blue
Mountain Formation." (Descriptive Geosphere Site Model Report page 350)
OPG Response:
The difficulties in sampling during the drilling of boreholes DGR-1 to DGR-4 (INTERA 2011, Section 5.7.1.1) can, in part,
be attributed to the drilling and sampling methods that were used. While these methods were quite appropriate for most
of the formations at the Bruce site, greater attention is required in the shales, especially in softer formations like the Blue
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Mountain Formation.
It should be noted that the reference to “disking” does not have the normal connotation associated with highly stressed
environments. It is a result of the fissile nature of the Blue Mountain Formation (INTERA 2011).
In order to improve the characterization of the shales, the drilling of borehole DGR-8 was performed with a triple-tube
core barrel and sampling procedures were further improved by clamping the core immediately after retrieval for better
preservation of shaly rock units. The following is an excerpt of the handling techniques used in sampling
(GOLDER 2011, Section 2.2.3):
“… Core samples selected for shipment to laboratories will follow special handling requirements:


Core runs in shales shall be pumped out of the core tube onto 4” angle iron segments approximately 3.5 meters
in length in order to limit movement of core when being transported from the drill rig to the core photo area.



Clamps and wood should be used to clamp the ends of the core to the angle iron and to hold the core in
compression to reduce discing.



Wear disposable surgical gloves when handling the core.



Wipe off sample with a clean dry cloth, if possible.



If necessary, break long cores to desired length (20-30 cm) using a hammer and chisel.



If core sample cannot be photographed within 5 minutes of wiping dry, then temporarily wrap it in plastic film
prior to the photograph to prevent moisture loss. The plastic film shall be removed for the photograph.



Photograph core sample showing sample label and bottom of core with black and red marker lines to indicate
orientation, i.e., red line on right when looking up the core or black and white on shale sections when the
markers do not adhere to the rock.



Wrap or re-wrap core sample with saran wrap and plastic film (if needed) ensuring that sharp core sample edges
produced by discing and mechanical breaks are sufficiently well wrapped to avoid their abrasion of the PE-nylon
inner bag. In case of sampling from shales/shaley formations, electric tape or equivalent adhesive tape shall be
used to wrap core samples immediately after retrieval to avoid disking due to geophysical changes in samples.



Place sample in 4 mil PE-nylon bag.



Heat seal PE-nylon bag.



Label PE-nylon packaged sample.
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Weigh PE-nylon packaged sample.



Wrap sample in bubble wrap installation.



For shale/shaly samples, insert each sample tightly into a pvc pipe of 6” (150 mm) diameter. Carpenter clamps
will be used to restrain the sample after compressible discs (e.g. hard rubble or soft wood discs) are placed at
both end of the core sample.



Store in cooler with ice packs or in refrigerator until ready for shipment to laboratories.



Package samples in hard case with bubble wrap foamed packing and packed with ice.



Ship samples via courier weekly, except where overnight is requested by participating laboratory.



Inform recipient of expected delivery time and provide sample list and core photographs. …”

Sampling in the shales at the selected locations did not constitute a problem in borehole DGR-8 and the said locations
were designed to complement the previous locations (in DGR-1 to DGR-4) in order to obtain appropriate coverage in
each formation (GOLDER 2011, Section 2.1). The Queenston Formation and the Georgian Bay Formation had
reasonable coverage with a few gaps, while the Blue Mountain Formation only had 3 samples from the previous drilling.
An additional 5 samples in the Blue Mountain Formation were tested in borehole DGR-8, with some focus in the Lower
Member of the Blue Mountain Formation (GOLDER 2013, Section 5). The figure below shows a profile of the boreholes
through the cap rock units with the location of the samples marked with bullets. Further discussion on the sample
distribution and geomechnical property representativeness is presented in OPG’s response to Information Request (IR)
EIS-09-422.
The total number of samples that were collected in all DGR boreholes within the Queenston (72 m thick), Georgian Bay
(89 m thick) and Blue Mountain (45 m thick) formations are 21, 13, and 8, respectively. The samples are reasonably well
distributed over the vertical extent of these formations. Thus, the average parameters derived from the test results of
these samples are representative of the formation properties and the average values are suitable for the DGR design
and analysis.
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BH DGR 1‐2

BH DGR 3

BH DGR 4

BH DGR 8

References:
GOLDER. 2011. OPG’s Deep Geological Repository for Low and Intermediate Level Waste, Test Plan for DGR-8 Core
Sampling, Geomechanical Logging and Core Distribution. Golder Associates Ltd. document 1011170042-REP-G20400002-02.
GOLDER. 2013. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste, Boreholes
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DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report 1011170042-REP-G2040-0004-01.
INTERA. 2011. Descriptive Geosphere Site Model. Nuclear Waste Management Organization Report NWMO TR2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-421

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Explain the apparent contradiction that faults propagating through the Upper Ordovician cap rock seal do not breach it.
Context:

 Section 11.4.1,
Geology and
Geomorphology

Section 3.11.4 of the Descriptive Geosphere Site Model Report notes:,: "...interpreted occurrence of two steeply eastdipping faults that propagate upward from the Precambrian to near the top of the Queenston Formation shale."
In the PSR it is repeatedly stated that the interpreted faults have not breached the Upper Ordovician cap rock seal (e.g.,
PSR, Section 4.1.2.3 page107). "No seismically imaged faults are interpreted to have breached the Upper Ordovician
shale-dominated sedimentary package."
OPG Response:
Multiple lines of evidence supporting a conclusion that geologic structure does not propagate through the upper
Ordovician shales beneath the Bruce nuclear site are provided in both the Geosynthesis (NWMO 2011) and Descriptive
Geosphere Site Model (DGSM) (INTERA 2011). An assessment of confidence in the identification of major structural
features is provide by INTERA (2011, Section 3.15.4). Evidence cited includes the drilling and coring of inclined deep
boreholes DGR-5 and DGR-6, which were purposefully oriented to intersect and confirm sub-vertical seismic anomalies
interpreted from the 2-dimensional seismic reflection study. Stratigraphic information gathered from DGR-5 and DGR-6
found no evidence of the seismically-interpreted features within the shale cap rock (NWMO 2011, Section 2.3.9.2).
Further evidence based on site specific and regional analogue studies is described in the Geosynthesis (NWMO 2011,
Section 8). A summary is provided below:


The results from core logging and borehole geophysics within the DGR series boreholes provide evidence of a
relatively undeformed near-horizontally layered sedimentary sequence in which Ordovician formations are of
near-uniform thickness and orientation. This situation reveals an absence of vertical displacement and low
probability of vertical structure that may breach the upper Ordovician shales (INTERA 2011, Sections 3.11.4 and
3.15.4).



In situ straddle packer hydraulic testing within the DGR-series boreholes estimate rock mass hydraulic
conductivities between 10-15 and 10-10 m/s within the Ordovician sediments. Individual formation hydraulic
conductivities are consistent between boreholes, averaging 10-14 m/s in the Cobourg Formation and overlying
upper Ordovician shales (INTERA 2011, Sections 4.9 and 4.16.7). Coupled with high vertical hydraulic gradients
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1 to 2 m/m, these results are inconsistent with the existence of a transmissive sub-vertical fault in close proximity
to the DGR footprint (Sykes et al. 2011, Sections 7.2.8, 7.2.9, and 7.2.10).


The presence of the anomalously-low formation hydraulic pressures in the Ordovician strata are diagnostic of
large domains of low permeability media (INTERA 2011, Section 4.6.5) and provide hydraulic signatures
inconsistent with the existence of transmissive vertical structure breaching the upper Ordovician shales.



Sykes et al. (2011) suggest that the observed anomalous over- and under-pressures in the Cambrian and
Ordovician sediments, respectively, are inconsistent with the hydraulic signature of a sub-vertical basementseated transmissive fault, suggesting that there is an extremely low probability that such a feature is located in
close proximity to the DGR footprint (Sykes et al. 2011, Section 7.2.1; INTERA 2011, Sections 4.12.2 and
4.12.2.8).



Micro-seismic monitoring undertaken by the Geological Survey of Canada is consistent with the designation of
the Bruce nuclear site as area of low seismic activity and hazard. The monitoring results indicate the likely
absence of seismogenic features and/or active faults within or proximal to the DGR footprint (INTERA 2011,
Section 5.3; NWMO 2011, Sections 2.2.6.5 and 8).



The distribution of environmental tracers within the Ordovician sediments provides compelling evidence of a
stable and resilient deep-seated diffusive groundwater regime (NWMO 2011, Section 4.5). The existence of
such a transport regime is inconsistent with the occurrence of transmissive sub-vertical geologic structures within
the Ordovician sediments, including the cap rocks, particularly hydrothermal dolomitized reservoirs typical of
those reported in the Niagara Megablock to the southeast of the Algonquin Arch.



Using the Appalachian Basin as a regional analogue, Engelder (2011) concluded that the lack of hydrocarbons,
maturation-related fracturing, high clay content and the existence of abnormally pressured compartments at the
Bruce nuclear site demonstrates that the integrity of the cap rock has been maintained for geological time
periods.

Regardless of the above lines of evidence, a quantitative assessment of the potential effects of a transmissive subvertical fracture or fault located in the vicinity of the DGR is described by Sykes et al. (2011, Sections 4.5.4 and 7.2.1).
The results indicate that a transmissive fault propagating vertically upward from the Precambrian surface through the
over-pressured Cambrian aquifer in close proximity to the DGR is inconsistent with the physical and chemical
hydrogeological data and observations at the Bruce nuclear site. This result is consistent with OPG’s response to
Information Request EIS-02-37 (OPG 2012).
In summary, the above lines of evidence support a conceptual model of a stable, low-permeability, diffusion-dominated
deep groundwater system hosted by the Ordovician shale and carbonate sedimentary sequence beneath the Bruce
nuclear site. There is no evidence to suggest that a basement-seated fault has breached the top of the Ordovician shale
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cap rock. This could have been expressed differently in the DGSM (INTERA 2011) by revising the text to read
“…seismically-interpreted faults that propagate upward from the Precambrian basement terminate within the Ordovician
shale cap rock well below the top of the Queenston Formation.”
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115, June 1,
2012. (CEAA Registry Doc# 523)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-422

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Explain why samples of the Blue Mountain Formation were not tested more extensively for geomechanical properties
and why lithofacies in the formation were not analysed. Since this formation is part of the cap rock seal, explain how the
absence of such data will affect predictions of the long-term evolution and integrity of the repository.
Context:
To determine the strength of the cap rock only the geomechanical properties of samples from the Queenston and
Georgian Bay formations were considered (PSR Section 4.2.2).
Similarly, lithofacies analysis of the cap rock excludes the Blue Mountain Formation.
OPG Response:
As described in OPG’s response to Information Request EIS-09-420, core disking was experienced within the shaledominated Blue Mountain Formation. This phenomenon is not interpreted to be the result of high ground stress
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conditions but rather physio-chemical processes occurring as the retrieved argillaceous rock core equilibrates with
atmospheric conditions (INTERA 2011, p. 68). The disking experienced during the drilling and coring of DGR-1 to DGR6 created difficulty in sampling and preserving intact cores for conducting reliable geomechanical testing. This was the
sole reason the Blue Mountain Formation was not more extensively sampled. A total of 3 samples were obtained in
DGR-2 and DGR-3 as shown in Figure 1. The confidence in geomechanical properties arising from the geomechanical
laboratory testing are described by INTERA (2011, Section 5.11.2). Technical oversight with respect to the derivation of
geomechanical properties for the long-term geomechanical analysis was provided by Dr. Derek Martin at the University
of Alberta.
Geoscientific information gathered during site characterization activities of the Bruce nuclear site provided a multidisciplinary basis to establish site conditions and distribution of formation properties related to long-term DGR
performance. A lithofacies analysis of the Blue Mountain Formation was not considered necessary, in part given its
observed uniformity at regional and site scales. At a regional scale the Blue Mountain Formation is described as
uniform, soft and laminated, grey non-calcareous shale with minor siltstone and minor impure carbonate (Hamblin 1999;
Johnson et al. 1992). As observed at the Bruce nuclear site the Blue Mountain section of the cap rock sequence
represents the most homogeneous interval within the Upper Ordovician shale sequence (e.g., NWMO 2011,
Figure 2.30). The formation is subdivided into upper and lower members based on a subtle transition from dark
greenish-grey shale with minor siltstone, sandstone and fossiliferous limestone layers in its upper portion to hard, darkgrey shale in the lower portion, the latter representing approximately 10% or less of the total formation thickness
(INTERA 2011, Section 3.8.5.3). A composite plot illustrating physical and chemical properties of all Ordovician
formations, including the Blue Mountain Formation, useful in understanding spatial variability and assessing long-term
performance of the far-field barrier is shown in Figure 7.1 of NWMO (2011).
In addition to the above, the analyses of long-term geomechanical stability are further assured by: i) confirmatory
geomechanical laboratory analyses performed during the drilling and coring of DGR-8; and ii) the conservative approach
taken in long-term numerical analyses described by ITASCA (2011, Section 2). The core sampling in DGR-8 was
designed to assess the spatial variability of intact core properties and expand the data sets generated during the DGR-2
and DGR-3 sampling campaigns. A total of five intact Blue Mountain Formation samples were obtained and preserved
using revised methods based on lessons learned during earlier sampling at DGR-2 and DGR-3. The laboratory-derived
Unconfined Compressive Strength (UCS) values for DGR-2, -3 and -8 are plotted in Figure 1 below (GOLDER 2013;
enclosed with OPG letter dated March 28, 2013 [OPG 2013]). The DGR-8 samples indicated greater variability in UCS
that averaged 33.6 MPa in contrast to that described in the Descriptive Geosphere Site Model (DGSM) of 22 MPa, based
on the test results using only the DGR-2 and -3 samples (INTERA 2011, Section 5.10). It is in this respect that the longterm geomechanical stability analysis, which assumed the lower DGSM rock strength, yielded a conservative estimate
with respect to rock mass yielding and displacement within the upper Ordovician shale cap rock (ITASCA 2011).
Based on the uniformity of the Blue Mountain Formation beneath the Bruce nuclear site and regionally, which precluded
the necessity of undertaking a lithofacies analysis, as well as the utilization of a conservative UCS estimate in the long1408
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term geomechanical analyses performed by ITASCA (2011), it is not expected that changes in geomechanical properties
would occur to materially influence predictions of long-term DGR geomechanical stability.
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Figure 1: Laboratory Derived Uniaxial Compressive Strength (UCS)
Blue Mountain Formation Bruce nuclear site
References:
GOLDER. 2013. Factual Report. OPG’s Deep Geological Repository for Low and Intermediate Level Waste, Boreholes
DGR-7 and DGR-8 Geotechnical Logging. Golder Associates Ltd. report 1011170042-REP-G2040-0004-01.
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Hamblin, A. 1999. Upper Ordovician strata of southwestern Ontario: Synthesis of literature and concepts. Geological
Survey of Canada, Open File 3729.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Johnson, M.D., D.K. Armstrong, B.V. Sanford, P.G. Telford and M.A. Rutka. 1992. Paleozoic and Mesozoic geology of
Ontario. In: The Geology of Ontario, Ontario Geological Survey, Special Volume 4, Part 2, 907-1008.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2013. OPG Letter, W. Robbins to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Reference in Support of Responses to Information Requests”, CD# 00216-CORR-0053100181, March 28, 2013.

EIS 09-423

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide reasons why ten samples were not considered to be representative of pore water chemistry.
Provide plots of pore water Total Dissolved Solids (TDS) and major ion concentrations that do not exclude samples "not
considered representative of porewater chemistry and were not plotted in order to preserve resolution of data trends with
depth."
State whether these samples have been excluded from other plots, and, if so, indicate from which. State whether these
samples have also been excluded from estimates of hydrogeologic properties of Bruce Nuclear Site hydrostratigraphic
units. (Descriptive Geosphere Site Model Report, Table 4.17)
Context:
Pore water analyses are presented in profiles of TDS and major dissolved ion concentrations versus depth (e.g., PSR
Figure. 4-34, 4-36 etc.). Page 214 of the Descriptive Geosphere Site Model Report states that the data set has been
filtered to exclude samples with very high concentrations of Na, Cl and TDS that are suspected to be affected by halite
dissolution. Furthermore, it is stated that "Porewater concentrations from sample DGR3-539.46 (Georgian Bay
Formation) and ten samples from DGR-5 and DGR-6 (Pore Water Analysis in DGR 5 and DGR 6 Core Report) collected
mostly from Silurian dolostones, were not considered representative of porewater chemistry and were not plotted in order
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to preserve resolution of data trends with depth."
OPG Response:
In order to assess the geochemical results for the purposes of porewater characterization, analyses were performed to
determine if analytical artefacts could have impacted any of the measured porewater chemistries for the major ions (e.g.,
Cl, Na, Ca and SO4). As indicated in the Descriptive Geosphere Site Model (DGSM) (INTERA 2011, Section 4.6.5),
some results were determined to be impacted by analytical artefacts, in particular, soluble mineral dissolution during
leaching and were not considered to be representative of in-situ porewater chemistry and, thus, were not presented on
the respective major ion profiles (i.e., Na, Cl, Ca, SO4, TDS). Those samples excluded from presentation in the figures
were those with concentrations that suggested significant impact to the porewater geochemistry by analytical artefacts
such as drilling fluid contamination or soluble mineral dissolution (i.e., halite, gypsum/anhydrite), which resulted in
measured concentrations that often fell outside of the solubility ranges for those minerals (i.e., both Na and Cl).
As highlighted in the Information Request above, ten samples from DGR-5 and DGR-6 were not considered
representative of in-situ porewater chemistry due to detected soluble mineral dissolution. The supporting technical data
report (Clark et al. 2011; TR-09-04) discusses evaluation of the potential for analytical artefacts to have impacted the
measured chemistries using the concentrations of Na and Cl, as well as the SO4/Ca ratio. As described in Clark et al.
(2011), the Na, Cl, Ca and SO4 results for some samples from both DGR-5 and DGR-6 were shown to have been
affected by soluble mineral dissolution. Samples analyzed both aerobically and anaerobically indicated that some
gypsum/anhydrite dissolution had occurred during the analysis. Only a few samples in the Ordovician sediments (DGR5 and DGR-6) show anomalous concentrations that can be attributed to soluble mineral dissolution. In addition to the ten
samples excluded due to mineral dissolution processes, samples with high volumetric water contents (i.e., the Salina
Upper A1 Unit and Guelph Formation) were determined to have been affected by drilling fluid, as was one sample in the
Coboconk Formation that was extracted from the “volcanic ash layer” and are, therefore, not included in the dataset. All
of the samples impacted by analytical artefacts from DGR-5 and DGR-6 have been excluded from all major ion figures
because the results are unreliable and, thus, cannot be interpreted for the purpose of geochemical characterization or
understanding of solute mobility.
In addition to the samples excluded from DGR-5 and -6, there are a few instances of sample chemistries from DGR-2, -3
and -4 that were also assessed to be significantly impacted by soluble mineral dissolution, influencing more than one of
the major ion concentrations. The majority of the samples were excluded due to high measured Na and Cl
concentrations, many of which are above halite solubility limits for the formation waters, which suggests the chemistries
have been impacted by halite dissolution during sample leaching (e.g., Clark et al. 2010a, TR-08-19 – Figure 12; Clark et
al. 2010b). These sample results were excluded from the dataset because they are not considered representative of insitu porewater chemistries. Samples were excluded from each of the laboratories (i.e., University of Ottawa, University
of New Brunswick and University of Bern) that performed major ion analyses due to potential analytical artefacts (e.g.,

1411

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
Hobbs et al. 2011; TR-08-40), and those samples, in addition to those excluded from DGR-5 and -6, are listed here:
DGR-2 523.08, DGR-3 417.60, DGR-3 539.46, DGR-3 453.41, DGR-3 676.21, DGR-3 690.12, DGR-3 856.06, DGR-4
422.21, DGR-4 665.41, DGR-5 426.96, DGR-5 440.13, DGR-5 564.96, DGR-5 731.02, DGR-6 460.10, DGR-6 465.67,
DGR-6 502.30, DGR-6 659.17, DGR-6 787.32, and DGR-6 838.99.
With regards to the characterization of the groundwater system, as presented in the Geosynthesis (NWMO 2011), only
those data considered reliable and not influenced by experimental artefacts were applied. Analytical results from
porewater samples that were clearly influenced by artefacts (i.e., drilling fluid contamination, soluble mineral dissolution)
were not plotted, or were clearly identified in the text of the DGSM (INTERA 2011, e.g., DGR-2 517.96), as they would
misrepresent site conditions and could introduce errors into interpretations of site stability and solute migration. It is
important to recognize that excluded samples were of elevated porewater concentrations that, in the case of halite, for
example, often exceeded solubility limits (~6500 mmolNaCl/kg water). No data were excluded for the sole purpose of
‘preserving’ trends in any DGR geoscience work conducted to assess groundwater system properties.
A plot displaying the excluded Na and Cl data points is provided in Figure 1, which highlights the paired Na and Cl
concentrations not included in the dataset. The figure highlights those samples that are clearly impacted by analytical
artefacts (circled in Figure 1). These results are not considered to be representative of the in-situ porewater chemistry
and are not acceptable for inclusion in the assessments of solute transport. Concentrations above solubility limits would
yield the precipitation of solid halite within the pores, and such measured concentrations are interpreted to be the result
of salt dissolution, supporting the assessments that the concentrations are not representative of in-situ conditions. It is
important to note also that values for TDS were not used to calculate or infer solute transport parameters at the Bruce
nuclear site. Solute transport was assessed by the determination of effective diffusion coefficient (De) values for both
tritiated water (HTO) and sodium iodide (NaI) tracers, and the geochemical modelling relied only on the high-confidence
conservative best estimates of Cl concentrations and stable water isotope 18O values for the porewaters in each rock
formation (NWMO 2011, Section 4.4.1).
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Figure 1: Plot of Na and Cl versus Depth Showing Those Samples Excluded (circled in red) Due to Soluble
Mineral (halite) Dissolution During Leaching in the Laboratory
References:
Clark, I., I. Liu, H. Mohammadzadeh, P. Zhang, R. Mohapatra and M. Wilk. 2010a. Porewater and Gas Analyses in
DGR-3 and DGR-4 Core. Intera Engineering Ltd. report TR-08-19 Rev.0. University of Ottawa, Ottawa, Canada.
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(available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Clark, I., R. Mohapatra, H. Mohammadzadeh and T. Kotzer. 2010b. Porewater and Gas Analyses in DGR-1 and DGR-2
Core. Intera Engineering Ltd. report TR-07-21 Rev.1. University of Ottawa, Ottawa, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Clark, I., V. Scharf, J. Zuliani and M. Herod. 2011. Porewater Analyses in DGR-5 and DGR-6 Core. Intera Engineering
Ltd. report TR-09-04 Rev.0. University of Ottawa, Ottawa, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Hobbs, M.Y., A. de Haller, M. Koroleva, M. Mazurek, J. Spangenberg, U. Mäder and D. Meier. 2011. Borehole DGR-3
and DGR-4 Porewater Investigations. Intera Engineering Ltd. report TR-08-40 Rev.0. Rock Water Interaction (RWI).
Institute of Geological Sciences, University of Bern, Bern, Switzerland. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO TR-2011-11 R000. Toronto,
Canada. (CEAA Registry Doc# 300)

EIS 09-424

 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

Clarify how the discrimination diagram (PSR, Figure 4-41) of carbon and hydrogen isotopes demonstrates the origin of
methane in the Cobourg Formation.

The assessment of the potential for future human intrusion relies upon the absence of processes leading to the creation
of oil or gas deposits.
The origin of methane in the Ordovician formations based on stable isotope data is discussed on p. 146 of the PSR.
Figure 4-41, a discrimination diagram, is said to show that methane in the Middle Ordovician carbonate rocks is of
thermogenic origin. In the diagram, the Cobourg Formation is grouped with the Blue Mountain and Georgian Bay
formations. None of the values in this group appear to plot in the thermogenic region, but most fall into the biogenic
region.
OPG Response:
Upon review of the text on page 146 of the Preliminary Safety Report (PSR) (OPG 2011), it is noted that the wording in
the PSR could have better reflected wording presented in both the Geosynthesis (NWMO 2011, Section 4.4.1, page 169)
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and the Descriptive Geosphere Site Model (DGSM) (INTERA 2011, Section 4.6.7, page 231), where it is stated that the
Ordovician shales and the Cobourg Formation are characterized by the presence of biogenic methane, and the
underlying Ordovician carbonates are characterized primarily by the presence of thermogenic methane.
As described in the DGSM (INTERA 2011, Section 4.6.7) and the Geosynthesis (NWMO 2011, Section 4.4.3.1), the
methane discrimination diagram indicates the mode of generation in the various Ordovician formations based on the
observed distributions of the 13C and 2H isotopes in thermogenic and biogenic methane gas (e.g., Whiticar 1999). This
diagram and published literature (Barker and Pollock 1984, Sherwood-Lollar et al. 1994, Obermajer et al. 1999, Powell et
al. 1984) on the origin and nature of gas and hydrocarbon occurrence in southern Ontario provide the basis with which
methane origin was interpreted.
As discussed in the Geosynthesis (NWMO 2011, Section 4.4.3.1), discrimination diagrams, such as those from Whiticar
(1999) and Sherwood-Lollar et al. (1994), have been used to distinguish between biogenic and thermogenic origins for
methane. The 13C and 2H data for methane display distinct isotopic signatures in the Ordovician shales (Georgian
Bay, Blue Mountain and Collingwood Member) and the Cobourg Formation from the underlying Ordovician carbonates.
The stable isotope data from methane indicate a field of biogenic origin in the Ordovician shales and the Cobourg
Formation, and a field of thermogenic origin in the remainder of the Ordovician carbonates, with very little, if any,
indications of mixing. These indications that methane in the Ordovician shales and Cobourg Formation is of biogenic
origin are supported further by the 13C data for carbon dioxide (CO2). The CO2 remaining in any given system following
biogenic methane generation is expected to be enriched in 13C, and the zone of enriched 13C in CO2 (shown in NWMO
2011, Figure 4.11; OPG 2011, Figure 4-40) observed in the Blue Mountain Formation shale corresponds closely to the
zone of biogenic methane formation. Of particular importance in the discrimination diagrams presented in the PSR
(OPG 2011, Figure 4-41) and Geosynthesis (NWMO 2011, Figure 4.12) is the clear distinction between the Georgian
Bay, Blue Mountain and Cobourg formations (red circles on the figures indicated) and the underlying carbonates
(Sherman Fall, Kirkfield, Coboconk, Gull River and Cambrian formations; blue squares on the figures indicated), which
suggests a lack of significant vertical mixing between these adjacent zones containing methane of distinct isotopic
signatures.
Work to-date to assess microbial communities in the deep groundwater system indicate that, if present, microbial
communities are of extremely low activity or dormant (Stroes-Gascoyne and Hamon 2008), and attempts to grow
microbial communities on agar medium using powdered rock samples from both the Queenston and Cobourg formations
were unsuccessful using synthetic porewaters of high salinity, such as those measured in the Ordovician porewaters
(Stroes-Gascoyne and Hamon 2008). The total organic carbon (TOC) contents in the Ordovician rocks are low
(maximum of ~2.5% in the thin Collingwood Member), and the DGR cores are noted to have a low kerogen content,
which is consistent with its characterization as a non-commercial reservoir (Jackson 2009; TR-08-29).
As indicated in the Geosynthesis (NWMO 2011, Section 4.4.3.1), the thermogenic gas is inferred to be very old, and
could be of in-situ or allochthonous origin, or a combination of both. The formation of thermogenic gas in-situ requires
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temperatures of approximately 70°C or more, and such conditions are not known to have existed in these sediments
since peak burial during the Permo-Carboniferous Period. Though no age can be assigned to the biogenic methane in
the system, the work of Stroes-Gascoyne and Hamon (2008) suggests that viable microbial communities may not exist,
or are functionally dormant due to the high salinities and low water activities of the Ordovician porewaters. It is possible
in this circumstance to interpret the biogenic methane as being relatively old as well, and that the properties of the
enclosing formations have prevented mixing between the two distinct zones and loss of the methane from the deep
system.
The interpretations of gas origin are consistent with regional observations as well. As discussed in Hobbs et al. (2011,
Section 4.4), Sherwood Lollar et al. (1994) examined natural gases from within Ordovician and Cambrian reservoirs in
southwestern Ontario and characterized the gases using both isotopic and compositional indicators. Consistent with the
findings of Barker and Pollock (1984), gases from the Cambrian and Ordovician reservoirs were composed
predominantly of methane, and the Cambrian and Ordovician gases were found to be thermogenic in origin, with no
evidence of bacterial methane contributions. Where the sedimentary rocks were in direct contact with the Precambrian
3
4
basement, the gases sampled had elevated helium concentrations and He/ He ratios, which was interpreted to reflect
mixing between gas produced in-situ (in the Cambrian and Ordovician strata) and an end-member enriched in helium,
possibly from within the Precambrian basement or from deeper within the sedimentary system. In addition, Powell et al.
(1984) identified the Ordovician Collingwood member of the Lindsay (i.e., Cobourg) Formation as a potential source rock
for Cambrian-Ordovician oils, and the results of organic geochemical characterization of the shales at the Bruce nuclear
site indicates also that the lower Blue Mountain Formation and the Collingwood Member of the Cobourg Formation
represent a petroleum source rock, as identified elsewhere in southwestern Ontario (Jackson 2009; TR-08-29). Rockeval Pyrolysis data indicate that the Blue Mountain and Collingwood formations contain Type II kerogen, typical of
marine shales, whereas the shallow Queenston and Georgian Bay formations are more indicative of gas-prone Type III
kerogen. Based on the organic geochemical characterization and the results of petrophysical testing of the DGR cores,
the Ordovician shales are defined as self-sourcing, which supports the suggestion that the small, non-economic
quantities or hydrocarbons identified in discrete horizons at the Bruce nuclear site could have been generated in-situ and
have remained trapped in thin veins and vugs within the source rocks since formation.
References:
Barker, J.F. and S.J. Pollock. 1984. The Geochemistry and Origin of Natural Gases in Southern Ontario. Bulletin of
Canadian Petroleum Geology 32, pp.313-326.
Hobbs, M.Y., S.K. Frape, O. Shouakar-Stash and L.R. Kennell. 2011. Regional Hydrogeochemistry – Southern Ontario.
Nuclear Waste Management Organization report NWMO DGR-TR-2011-12 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
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Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Jackson, R.E. 2009. Organic Geochemistry and Clay Mineralogy of DGR-3 and DGR-4 Core. Intera Engineering Ltd.
report TR-08-29 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO TR-2011-11 R000. Toronto,
Canada. (CEAA Registry Doc# 300)
Obermajer, M., M.G. Fowler and L.R. Snowdon. 1999. Depositional environment and oil generation in Ordovician
source rocks from southwestern Ontario, Canada: Organic geochemical and petrological approach. American
Association of Petroleum Geology Bulletin 83(9), pp.1426-1453.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Powell, T.G., R.W. MacQueen, J.F. Barker and D.G. Bree. 1984. Geochemical Character and Origin of Ontario Oils.
Bulletin of Canadian Petroleum Geology 32, pp.289-312.
Sherwood Lollar B., S.M. Weise, S.K. Frape and J.F. Barker. 1994. Isotopic constraints on the migration of hydrocarbon
and helium gases of southwestern Ontario. Bulletin of Canadian Petroleum Geology 42, pp.283-295.
Stroes-Gascoyne, S. and C.J. Hamon. 2008. Preliminary Microbial Analysis of Limestone and Shale Rock Samples.
Nuclear Waste Management Organization Report NWMO TR-2008-09. Toronto, Canada. (available at
http://www.nwmo.ca/uploads_managed/MediaFiles/26_NWMOTR-2008-09_Microbial_Analyses_Sedimentary_Rock.pdf)
Whiticar, M.J. 1999. Carbon and hydrogen isotope systematics of bacterial formation and oxidation of methane.
Chemical Geology 161, pp.291–314.

EIS 09-425

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Justify the statement on Page.152 of the PSR, that "with the exception of just a few samples from the Upper Silurian, the
De values measured from DGR drill cores are all less than 10 -12 m 2 /s” when ~30% of the points plotted on PSR
Figure 4-45 appear to lie above 10-12 m2 /s.
Provide measures of reliability for the methods used to determine diffusion coefficients (sample duplicates, measurement
errors). Clarify whether measurements parallel to bedding have the same reliability as those vertical to the bedding.
Context:
The direction of diffusion is of considerable importance for modelling contaminant migration.
30% appears to be more than “just a few.”
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OPG Response:
As described in the Information Request and Context above, it is agreed that the summary statement on page 152 of the
Preliminary Safety Report (OPG 2011) should have read “with the exception of just a few samples from the Upper
Silurian, the De values measured from DGR drill cores are all less than 10-11 m2/s”, instead of 10-12 m2/s.
This editorial correction does not impact the results or interpretations of either the diffusion coefficient or the geochemical
data. When compared to international data, the De values measured for the Ordovician limestones and shales at the
Bruce nuclear site are among the lowest measured at a number of sedimentary sites being considered as potential hosts
for a DGR. Figure 1 below (NWMO 2011, Figure 7.4) shows such a comparison, highlighting the highly favourable
properties (i.e., low porosity, low De values) beneath the Bruce nuclear site in the context of solute transport.

Notes: Provides a direct comparison between European argillaceous formations (filled circles) and the Cobourg (unfilled grey
circles) and Queenston (unfilled red circles) formations at the Bruce nuclear site. The dashed lines represent the exponential
term, m, in the Archie’s Law relationship between diffusivity and porosity.

Figure1: Relationship between Porosity and Effective Diffusion Coefficients for HTO (Normal to Bedding) in
Low Permeability Rocks
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To evaluate diffusive anisotropy, diffusion measurements at the University of New Brunswick (UNB) were conducted on
samples oriented parallel to bedding (PB) that were paired with samples oriented normal to bedding (NB). Due to the
larger sample size requirements for through-diffusion experiments, many PB and NB subsamples were cut from different
areas of a preserved rock core sample and the results may reflect some heterogeneity. Despite this, a systematic
difference in the De values is observed based on the orientation of the measurements with respect to bedding direction.
For almost all of the samples analyzed, the De values determined from paired samples are greatest for diffusion in the
direction parallel to bedding. The anisotropy ratio (De PB/De NB) ranges from 1 to 4 for measurements made with iodide
tracer and from 1 to 7 for measurements made with HTO tracer (Al et al. 2010a).
Confidence in the De values determined at UNB, both normal to and parallel to bedding, is high. Confidence in the
laboratory procedures and the resulting values are discussed in Section 4.16.5 of the Descriptive Geosphere Site Model
(INTERA 2011). More specific details of the methodology and analyses can be found in the supporting technical data
reports, TR-07-17, TR-07-22 and TR-08-27 (Al et al. 2010b, van Loon et al. 2010, and Al et al. 2010a, respectively).
The reliability for measurements normal and parallel to bedding should be equal. Precision has been evaluated for the
radiography method by calculating the standard deviation for De values obtained from multiple profiles in the time-series
measurements. This approach will be subject to some influence from sample heterogeneity because the measurement
reflects greater sample volume with increasing time; however, the results of the analyses indicate a relative standard
deviation less than 10%. The complete set of data can be found in Table A.2 in the Appendix for TR-08-27
(Al et al. 2010a). The precision of the through diffusion measurements at UNB has been evaluated by conducting
replicate measurements on the same sample using both iodide and HTO tracers, and the results can be found on
page 22 of TR-07-17 (Al et al. 2010b). The relative standard deviation for through diffusion measurements was found to
be approximately +/- 6%.
Accuracy has been assessed by benchmarking the UNB measurements against through-diffusion testing at other
laboratories. Measurements of iodide diffusion coefficients at UNB for the Queenston Formation shale and the Cobourg
Formation limestone were benchmarked against through-diffusion measurements at Atomic Energy of Canada Limited
(Cavé et al. 2009) and at the Paul Scherrer Institute, Switzerland (van Loon et al. 2010, TR-07-22), in an inter-laboratory
comparison study. In addition to benchmarking of the results, the De values from diffusion testing using both tritium and
iodide tracers at the UNB were compared to diffusion coefficient and porosity data generated for argillaceous rocks as
part of the OECD Claytrac Project. The effective diffusion coefficients and tracer-accessible porosities for both tritium
and iodide compared favourably with both the available international data (considering the low porosity of the DGR
rocks) and with the porosity-diffusion coefficient relationship derived from Archie’s Law (see notes for Figure 1 above).
These comparisons and benchmarking exercises provide confidence that the diffusion coefficient data determined at
UNB are reliable, representative, and of high quality.
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References:
Al, T., Y. Xiang, D. Loomer and L. Cavé. 2010a. Measurement of Diffusion Properties by X-Ray Radiography and by
Through-Diffusion Techniques Using Iodide and Tritium Tracers: Core Samples from DGR-3 and DGR-4. Intera
Engineering Ltd. report TR-08-27 Rev.0. University of New Brunswick, Fredericton, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Al, T., Y. Xiang and L. Cavé. 2010b. Measurement of Diffusion Properties by X-Ray Radiography and by ThroughDiffusion Techniques Using Iodide and Tritium Tracers: Core Samples from OS-1 and DGR-2. Intera Engineering Ltd.
Report TR-07-17 Rev.3. University of New Brunswick, Fredericton, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Cavé, L.C., Al, T.A., Xiang, Y. and Vilks, P. 2009. A technique for estimating one-dimensional diffusion coefficients in
low permeability sedimentary rock using X-ray radiography: Comparison with through-diffusion measurements. Journal
of Contaminant Hydrology, 103: 1-12.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO TR-2011-11 R000. Toronto,
Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Van Loon, L.R. 2010. Diffusion of 125I- in Limestone and Red Shale Samples from DGR-2. Intera Engineering Ltd.
report TR-07-22 Rev.1. Paul Scherrer Institute, Switzerland. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
EIS 09-426

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
A rationale for grouping the Collingwood with the Blue Mountain Formation is provided. Explain why the Georgian Bay
and Blue Mountain formations are also grouped together.
Explain how spatially averaging properties of the three formations will affect model outcomes and why these can then be
considered to be conservative.
Context:
The shale-dominated Ordovician sequence overlying the repository is one of the primary barriers to contaminant release.
Differences in lithology, chemical and physical properties, and structures of the formations in this group will affect the
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integrity of the shale rock cap.
In the 3DGF model (and models using its output) three formations in this sequence are treated a single unit.
Hydrogeologic Modelling TSD sec 2.2: "...the Georgian Bay, Blue Mountain and Collingwood were combined as the
Collingwood was commonly not individually logged and more likely to have been logged as part of the Blue Mountain
Formation shales."
Grouped in this fashion, the resulting layer is by far the thickest uniform layer among the model layers.
OPG Response:
The Georgian Bay and Blue Mountain formations are commonly combined in subsurface mapping of the Ordovician
shales of southern Ontario because of the very gradational nature of their contact and the lack of reliable formation-top
pick criteria to define the top of the Blue Mountain Formation (Armstrong and Carter 2006, 2010). These two formations
were grouped together in the 3DGF model of ITASCA CANADA and AECOM (2011) for the same reasons.
The spatial averaging of parameters (e.g., porosity, hydraulic conductivity, effective diffusion coefficient) for the grouped
sequence of the Collingwood Member-Blue Mountain Formation-Georgian Bay Formation provides model outcomes that
are illustrative. The rationale for this assertion is premised on the understanding that solute transport in the low
permeability Ordovician shale cap rock is diffusion dominant (INTERA 2011, Section 4.4). The supporting evidence for
this interpretation includes, the 18O, Cl and Br natural tracer profiles (NWMO 2011, Section 4.4.1), the measured low
in-situ hydraulic conductivities (~10-14 m/s; see INTERA 2011, Figure 4.88; Section 4.13.5), and the low effective
diffusion coefficients (De < 10-11 m2/s; NWMO 2011, Figure 5.7) measured in the laboratory. Support for this assertion is
also provided in the hydrogeological modelling, where Péclet numbers for the Ordovician formations are significantly
below 0.4, indicative of diffusion dominance (NWMO 2011, Sections 5.4.4 and 5.5). In these simulations, the assigned
effective diffusion coefficient was 5 x 10-13 m2/s; actual in-situ De’s may be lower, as discussed below. Furthermore, the
existence of long-lived formation under-pressures within these cap rocks attests to the low formation scale rock mass
hydraulic conductivities required to preserve a diffusion-dominated transport regime (INTERA 2011, Section 4.12.2).
An important consequence of the diffusion-dominated nature of mass transport within the Ordovician shale cap rock is
that solute migration will be governed principally by the effective diffusion coefficient. The results from a recent
assessment examining the effect of confining pressure on laboratory measured diffusion coefficients (Xiang and
Al 2012), which included an analysis of samples from the Georgian Bay Formation, found that laboratory estimates of De
at surface conditions were 15% to 40% greater than those obtained when the sample was subject to a representative insitu confining pressure. These results, in conjunction with the formation scale hydrogeochemical, isotopic and hydraulic
evidence described above, strongly suggest that the spatially-averaged properties of the grouped Collingwood Member Blue Mountain Formation - Georgian Bay Formation would not materially influence hydrogeologic numerical modelling
conclusions that mass transport in these sediments is diffusion dominated.

1421

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response

References:
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Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
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EIS 09-427

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Explain the discrepancy of fluid inclusion temperatures cited for fracture-filling minerals.
Provide the laboratory reports with the analytical results that were used to provide the responses to EIS 05-164 and
EIS 02-38.
Evaluate the impact of elevated temperatures from hydrothermal fluids on the generation of oil/gas in the DGR
stratigraphic sequence.
Context:
The paleo-thermal regime of the DGR site is critical in determining the potential gas and oil generation in the
sedimentary rocks. In the response to EIS-05-164 it is stated “preliminary fluid inclusion analyses indicate a hydrothermal
(~70°C) origin for the fracture calcite." The response to EIS- 02-38 states “inclusions exhibiting a wide range of high
temperatures (ca. 80 to > 300°C).”
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OPG Response:
A key issue in establishing a safety case for a DGR is demonstrating an understanding of the long-term evolution and
stability of the groundwater flow system proposed to enclose the facility. To contribute to this understanding, a fluid
inclusion study was initiated with the intent of examining the history of fracture-hosted fluid migration events within the
sedimentary sequence beneath the Bruce nuclear site. As a first step, a scoping level study was initiated at the
University of Toronto (UofT) to assess the possibility of determining homogenization temperatures for fluid inclusions
trapped within the fracture-infilling calcite. The results of this UofT scoping study lead to a second more rigorous
investigation of fracture infill calcites occurring within Devonian and Ordovician age carbonate rocks collected during
surface outcrop sampling and subsurface drilling activities at the Bruce nuclear site. This second study was undertaken
by Dr. Larryn Diamond at the University of Bern Rock Water Institute (UniBern RWI).
The apparent discrepancy in reported calcite fluid inclusion homogenization temperatures reflects the timing of the above
sequential studies. The results of the UofT scoping study were reported in the response to Information Request (IR)
EIS-02-38 (OPG 2012a). It was also noted in the response that the UofT results would be subject to verification through
a follow-up fluid inclusion study initiated with the UniBern RWI. Initial progress and results from the UniBern RWI studies
were subsequently reported in response to IR-EIS-05-164 (OPG 2012b). The final Unibern RWI report that details
experimental methodology, results and interpretation for the calcite fluid inclusions, and evaluation of the UofT findings is
enclosed with this response (Diamond and Caldas 2013). A brief summary of the results from the UniBern RWI study is
included below.
The UniBern RWI fluid inclusion assessment employed standard petrographic techniques to determine that four
paleofluid events (I to IV) produced four generations of associated fluid inclusions, although not all four generations are
recognized in all samples. Most analyses were undertaken on DGR core samples of the Ordovician Black River Group
carbonates with one core sample from the Devonian age carbonate Lucas Formation also being examined.
Microthermometric estimates of homogenization temperature for fluid inclusions from the four recognized paleofluid
generations yielded the following temperatures: i) 42 – 60°C (Generation I); ii) 60 – 89°C (Generation II); iii) < 70°C
(Generation III); and iv) 50 – 60°C (Generation IV). The paleofluids of all four generations were in thermal equilibrium
with their surrounding host rocks, which indicates that anomalously hot (>> 89°C) fluids were not involved during the
paleohydrological evolution of the site.
The UniBern RWI report documents a systematic approach of evaluating true homogenization temperatures by
comparing photographs of individual inclusions before and after the microthermometric heating process, a step that was
not taken by UofT. The UniBern RWI report concluded that the very high fluid inclusion homogenization temperature (up
to 395 C) reported by UofT were artifacts caused by deformation (stretching and volume expansion) of the inclusions
during the heating process. In such cases, the lowest homogenization temperatures recorded in any assemblage of
inclusions from the same generation of paleofluid would place the tightest constraint on the true homogenization
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temperature of that fluid. In light of this, the range of temperatures determined by UofT (~ 70 – 395°C) and the UniBern
RWI results described above are mutually consistent. Therefore, a high degree of confidence can be placed on the
homogenization temperatures determined by the more systematic UniBern RWI approach.
Confidence in the UniBern RWI results is furthered due to the fact that their temperature estimates are materially
consistent with the regional burial history curve and peak burial temperature estimates for the Bruce nuclear site
(approximately 70 to 74°C at the top of the Trenton Group) as reported in the Geosynthesis (NWMO 2011; Section
2.2.5.3). Further confidence is gained through comparison with regional temperature estimates for the underlying Black
River Group that are reported to range between 60 – 90°C using the Conodont Alteration Index (CAI) methodology
(Legall et al. 1981). With respect to hydrocarbon maturation within the Palaeozoic sediments, evidence obtained through
the fluid inclusion analysis detailed above would not alter the understanding presented in the Geosynthesis (NWMO
2011) or analogue study of the Ordovician shale cap rock (Engelder 2011).
References:
Diamond, L.W. and R. Caldas. 2013. Fluid Inclusion Study of DGR Drill Core. University of Bern. (enclosed)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Legall, F.D., C.R. Barnes and R.W. Macqueen. 1981. Thermal maturation, burial history and hotspot development,
Paleozoic strata of southern Ontario-Quebec, from conodont acritarch colour alteration studies. Bulletin of Canadian
Petroleum Geology 29, pp.492-539.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115, June 1,
2012. (CEAA Registry Doc# 523)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
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 Section 10.1.1,
Geology and
Geomorphology

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

Provide the report(s), referenced in the response to EIS-02-37, on the radiometric age dating of fracture-filling mineral
phases from the DGR deep holes.

The presence of fracture infilling by minerals, such as calcite, in the rocks capping the DGR site suggests that diffusiondominated mass transport has not necessarily been the only solute transport mechanism in its geologic history. Absolute
radiometric age dating on the mineral phases in the fractures are required to evaluate the time period over which other
mass transport modes may have been operative (e.g., hydrothermal)
The response to EIS-02-37 indicates such studies are in progress.
OPG Response:
The calcite fracture infill radiometric age dating assessment report, referred to in OPG’s response to Information Request
(IR) EIS-02-38 (OPG 2012)), which provides the methodology and results of Uranium-Lead (U-Pb) isotope dating, is
enclosed with this response. The assessment was performed by Dr. Don Davis at the University of Toronto, Jack
Satterly Geochronology Laboratory (Davis 2013). The study concludes that U-Pb dating of secondary calcite can
provide reliable ages with which to interpret the timing of fracture and mineral infilling events. A brief summary of the
study is provided below.
The radiometric age analyses were carried out using laser ablation inductively coupled plasma mass spectrometry (LAICPMS) and isotope dilution thermal ionization mass spectrometry (ID-TIMS). Appendix 1 of the report describes an
initial LA-ICPMS scoping exercise undertaken by Dr. Davis to determine the suitability of the vein calcite samples for use
as geochronometers. As discussed therein, only a subset of the Ordovician samples initially provided to Dr. Davis met
the suitability criteria for the proposed dating technique (significant concentration of U and a relatively high U/Pb ratio).
The most reliable age results for the Ordovician carbonates were from a calcite vein in the Black River Group (Coboconk
Formation; DGR-6-886.91), below the repository horizon, which yielded a Paleozoic age that overlaps with the deposition
age of the host rocks (445 +/- 42 Ma). The relatively large errors reported for the Ordovician carbonate samples are a
result of very low initial U concentrations in the calcite.
Surface and core samples from the Devonian Lucas Formation yielded middle Cretaceous to early Paleogene ages of
approximately 110 and 51 Ma that are interpreted to represent the timing of fracturing and fluid migration events. These
shallower samples had much higher U concentrations than their deeper Ordovician counterparts. Consistency between
ages determined using the LA-ICPMS and ID-TIMS methods suggests a high degree of confidence in the results.
Additional lines of evidence are presented below that suggest that any condition of advective flow in the deep
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groundwater system occurred prior to the onset of the long-lived diffusion-dominated regime within the Ordovician
sediments. Several of these points were also made previously in OPG’s response to IR-EIS-08-382 (OPG 2013):


As discussed in OPG’s response to IR-EIS-09-444, precipitation of halite in the Ordovician shales and the
Cobourg Formation, and associated partial occlusion of the pores, should have been complete by the time of
peak burial conditions in the eastern portion of the Michigan Basin during the Permian Period (e.g., Coniglio and
Williams-Jones 1992; NWMO 2011, Section 2.2.5.3 therein). At this time the geological sequence would have
transitioned to a diffusion-dominated condition.



Illustrative hydrogeochemical modelling suggests that the currently measured natural tracer (i.e., 18O, Cl) profiles
could evolve by diffusion from baseline conditions (evaporated seawater composition) in the timeframe of
approximately 300 Ma (NWMO 2011, Section 4.5).



Horizontal hydraulic conductivities (KH) within the Cobourg Formation (proposed DGR host rock), the overlying
Ordovician shales (Georgian Bay, Blue Mountain and Queenston Formations, and the Collingwood Member of
the Cobourg Formation), and the underlying Ordovician limestones and dolostones (Sherman Fall, Kirkfield,
Coboconk, Gull River, and Shadow Lake Formations) are extremely low (≈10-15 to 10-10 m/s). Vertical hydraulic
conductivities within the near-horizontally layered formations are lower. Such low formation scale hydraulic
conductivities are consistent with a diffusion-dominated regime (NWMO 2011; Sections 5.2 and 5.4.1;
Figure 5.1).



The effective diffusion coefficient (De) for tritiated water (HTO) in the Ordovician shales is on the order of
10-12 m2/s, and in the carbonates ranges between 10-13 to 10-12 m2/s (NWMO 2011; Section 4.3, Figure 5.7). The
low De values, coupled with the low hydraulic conductivities of the Ordovician sediments, are consistent with the
occurrence of a diffusion-dominated deep groundwater system.



The chemistries of the deep brines within the Ordovician sedimentary sequence indicate that they are of
evaporated seawater origin, and have been modified over time by fluid-rock interaction processes, which is
indicative of long fluid residence times (NWMO 2011, Section 4.3.3).



The occurrence of high gradients between isotopically distinct methane and helium zones occurring vertically at
or near Cobourg Formation indicates that there has been little to no vertical cross-formational mixing (advective
or diffusive) while these gases were resident in the system (NWMO 2011, Section 4.4.3).



Specific simulations to examine the potential origin of the abnormal under-pressures and their influence on
contaminant transport mechanisms within the Ordovician sediments, are described by Sykes et al. (2011;
Sections 4.5.5, 6.0 and 7.4). The results from the suite of numerical simulations, designed to bound
groundwater system behaviour at timeframes relevant to illustrating DGR performance, indicate that the
diffusion-dominant contaminant transport regime in the thick (≈380 m) Ordovician sequence is insensitive to
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assumed boundary conditions. This finding is consistent with other lines of evidence gathered during field
investigations, as described in the Geosynthesis (NWMO 2011, Section 8.0).


In addition, using the Appalachian Basin as a regional analogue Engelder (2011, Section 6) concluded that the
lack of hydrocarbons, maturation-related natural hydraulic fracturing, high clay content and the existence of
abnormally pressured compartments at the Bruce nuclear site demonstrates that the integrity of the cap rock has
been maintained for geological time periods.

In summary, the geochronological dating of secondary calcite within Ordovician and Devonian age sediments suggests
vein emplacement occurred approximately 445 and 110-51 million years ago, respectively. Further information regarding
the physical properties, and the distribution of pore fluid chemical and isotopic composition within the Ordovician
sediments, as described above, are indicative of an ancient groundwater system in which solute transport has been
governed by diffusive processes over a period on the order of 300 million years since present. These complementary
lines of reasoning provide compelling independent evidence regarding the longevity and barrier capacity of the
Ordovician age sediments proposed to host and encloses the DGR. In this regard, the results from the fracture infill
dating study provide no evidence to support a proposed Pleistocene age for either the deep or near surface fractures or
their associated infilling calcite material. The results from this study are consistent with the interpretations previously
provided in the Geosynthesis (NWMO 2011).
References:
Coniglio M. and A.E. William-Jones. 1992. Diagenesis of Ordovician carbonates from the north-east Michigan Basin,
Manitoulin Island area, Ontario: Evidence from petrography, stable isotopes and fluid inclusions. Sedimentology 39,
pp.813-836.
Davis, D.W. 2013. Interim report on U-Pb geochronology of Vein Calcite and Limestone. University of Toronto.
Toronto, Canada. (enclosed)
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request Package #2”, CD# 00216-CORR-00531-00115, June 1,
2012. (CEAA Registry Doc# 523)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
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Level Waste – Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216CORR-00531-00170, February 28, 2013. (CEAA Registry Doc# 902)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization report
NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-429

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide an explanation for the contradictory statements in the Geosynthesis and Hydrogeologic Modelling reports
regarding the level of understanding of the origin of under-pressures in the Ordovician sediments and the confidence
associated with this understanding..
Context:
In the Geosynthesis report (p.371) it is stated that "the genesis of the Ordovician under-pressures is ambiguous." In
section 7.4, Confidence Assessment of the Hydrogeological Modelling Analyses of the Hydrogeologic Modelling Report,
it is stated that "under-pressures were measured in the Ordovician sediments at the DGR boreholes. There is high
confidence that these under-pressures are not caused by glaciation and deglaciation. There is high confidence that an
immiscible gas phase and the physics of multi-phase fluid flow can result in under-pressures."
OPG Response:
The occurrence of formation hydraulic under-pressures has been rarely observed in sedimentary basins. The formation
under-pressure conditions within the Ordovician sediments beneath the Bruce nuclear site were confirmed through
estimates of formation pressure obtained during in-situ hydraulic borehole testing and formation hydraulic pressure
measurements following installation of the Westbay multi-level casing systems in deep boreholes DGR-2, DGR-3 and
DGR-4 (INTERA 2011, Sections 4.12.2 and 4.16.8). The confirmed formation under-pressures reflect a disequilibrium
state in the groundwater system that requires very low formation scale rock mass hydraulic conductivities to be
preserved.
An assessment of various natural phenomena that may have contributed to the generation of the observed Ordovician
formation under-pressures is described by Sykes et al. (2011, Section 6). The phenomena considered in the
assessment included: i) glacial loading and unloading; ii) osmosis; iii) exhumation; iv) crustal flexure; and v) presence of
an immiscible gas. A summary of the assessment is provided by Sykes et al. (2011, Section 7.2.9). While the results of
the assessment were not unequivocal, illustrative numerical simulations suggested most strongly that the presence of an
immiscible gas phase could generate the trends observed in the formation under-pressures. This finding was reflected in
the comments of the Hydrogeologic Modelling report (Sykes et al. 2011). In the interest of furthering the understanding
of the under-pressures and their relevance as a natural analogue to estimate formation scale hydraulic conductivities, the
role of hydro-mechanical coupling arising from repeated glacial loading associated crustal flexure as a potential forcing
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continues to be explored. The equivocal nature in describing the geologic forcing that generated the formation underpressures over geologic time is reflected in Geosynthesis (NWMO 2011) and, in part, is what contributed to an apparent
inconsistency. It is critically important to recognize though that regardless of the phenomena responsible, the formation
under-pressures provide compelling observational evidence for the existence of laterally extensive very low permeability
strata (KH on the order of 10-13 m/s or lower). This observation is consistent with other Geoscientific data sets including
pore fluid chemistry and isotopic compositions (NWMO 2011, Section 4.5, in-situ borehole hydraulic conductivity testing
(INTERA 2011, Section 4.9.2.1), isotopically distinct methane and Helium zones (NWMO 2011, Section 4.4.3) and
environmental tracer migration (NWMO 2011, Section 4.5; see also response to IR-EIS-09-444) within the Ordovician
sediments that are indicative of an ancient deep seated groundwater system in which mass transport is diffusion
dominated. The Geosynthesis (NWMO 2011) and Hydrogeologic Modelling (Sykes et al. 2011) reports are wholly
consistent in this regard.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-430

 Section 12,
Accidents,
Malfunctions and
Malevolent Acts

Information Request:
Provide details of exposure and mitigation measures for members of the public in the accidents and malfunctions
section.
Context:
Health Canada has noted that it is not clear why the 1 hour exposure period for a member of the public is considered
appropriate.
The EIS states that it is not likely that a member of the public will be exposed for more than 1 hour in the event of an
accident and/or malfunction, however no information and/or discussion was provided to support this exposure level
assumption. In addition, no mitigation measures (such as evacuation or long-term relocation) were provided.
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OPG Response:
The details for the accident exposure conditions and impacts are given in Section 7.5 of the Preliminary Safety Report
(OPG 2011). General preventative and mitigation measures are given in Section 7.5.6 of OPG (2011). Fire suppression
and ventilation control measures would mitigate impacts on the public. Additional information on emergency response is
provided in OPG’s responses to Information Requests (IRs) EIS-01-04 (OPG emergency response procedures),
LPSC-01-15 (DGR fire and breach response), LPSC-01-45 (DGR emergency response during the construction phase)
and EIS-06-269 (off-site notification procedure) (OPG 2012a, 2012b).
The public exposure under accidents is calculated assuming that a member of the public is exposed for one hour. This
is an appropriate duration because (OPG 2011, Section 7.5.3.2):







The consequences are calculated for a member of the public conservatively assumed to be at the closest Bruce
nuclear site fenceline; this is not a normally occupied public area.
The consequences are calculated conservatively assuming this location is in the direct plume path, and therefore
that the wind direction does not significantly change over this duration.
In the case of a waste package breach accident, the bulk of the cloud of airborne particulate release from the
breach will have passed in this timeframe.
In the case of a fire, it is assumed that after about one hour, the release will have been terminated and any
additional exposure would be minimal. This could be because the fire has burned out or been extinguished, or
the fire is isolated by fire doors or by turning off the ventilation system. Note that the fire release model assumes
the fire instantly reaches a steady value, so there is conservatively no allowance for the time for the fire to build
up in magnitude.
There is no time delay included in the model for transit between the release at source and the public location.

However, while the reference public exposure time analyzed was one hour, the implications of longer exposures from
fires were also analyzed. Specifically, for the bounding case of complete burn of an underground room over a few
hundred hours, the public radiological dose at the nearest site boundary is less than 1 mSv for a room containing LLW or
for a room containing unshielded ILW moderator resin (OPG 2011, Table 7-40).
Impacts on the public from postulated accidents at the DGR were found to be generally small and always within the
criteria (OPG 2011, Section 7.5.4). The dose impacts are within the Ontario Public Nuclear Emergency Response Plan
Protective Action Limit Lower Level dose for recommending sheltering (1 mSv) and the Lower Level dose for
recommending evacuation (10 mSv) (ONT 2009, Annex E). There is no need to consider mitigation such as evacuation
or long-term relocation of the public due to postulated accidents at the DGR.
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References:
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and Correctional Services. Toronto, Canada.
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Level Waste - Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
EIS 09-431

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Revise the dose for non-Nuclear Energy Workers (NEWs) to the recalculated correct value.
Context:

 Section 5,
Description of the
Existing
Environment

The TSD states that for non-NEWs the current doses do not exceed 100 μSv/a. However, the highest dose rate
measured at the perimeter fences was 0.16 μSv/h. Using the proponent’s assumed exposure time for non-NEWs of
2,000 hours per year, this works out to a dose of 320 μSv/a. Although still less than the dose limit for non-NEWs of
1 mSv/a (1,000 μSv/a), it is not less than 100 μSv/a as stated.
OPG Response:
The radiation dose to non-Nuclear Energy Workers (non-NEWs) for the existing Western Waste Management Facility
(WWMF) and RWOS1 is discussed in Section 5.11.2 of AMEC NSS (2011). In 2009, the baseline year for the
assessment, the highest dose rate measured at the WWMF and RWOS1 perimeter fences was 0.16 μSv/h. This is
below the perimeter dose rate limit of 0.5 μSv/h based on maximum 2,000 hours per year occupancy for non-NEWs as
described in the WWMF operating licence documentation.
If a non-NEW were to theoretically work very close to this specific dose rate (0.16 μSv/h) fence location for 2000 hours
per year, their annual dose would be 320 μSv as noted. However:
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1. OPG has defined Exposure Control Levels (ECLs) and Administrative Dose Limits (ADLs) in its “Dose Limits and
Exposure Control” procedure to ensure that the CNSC effective dose limits are not exceeded (OPG 2006).
ECLs are set lower than ADLs to alert employees and supervisors that dose control measures are required to
ensure that the ADLs are not exceeded. For OPG-managed non-NEWs, the ECL and ADL are set at 100 μSv
and 500 μSv per calendar year respectively.
2. The WWMF fence line is within the Bruce nuclear site and is not a public accessible fence. Any person at the
WWMF fence would be part of an authorized Bruce site activity.
3. The assumption that any non-NEW (under OPG management or otherwise) would spend 2000 hours a year (i.e.,
their full working time for the whole year) in the vicinity of a single location at the fence line is very conservative.
Therefore, in practice the dose to non-NEWs at or outside the WWMF fence is likely to be less than 100 μSv per
calendar year.
References:
AMEC NSS. 2011. Radiation and Radioactivity Technical Support Document. AMEC NSS Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-06 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2006. Dose Limits and Exposure Control. Ontario Power Generation Procedure N-PROC-RA-0019 R004.
Toronto, Canada.

EIS 09-432

 Section 11.4.8,
Noise and
Vibration

Information Request:
In calculating %HA as per CSA (2005) adjustments are additive unless they pertain to the same type of adjustment in
which case the highest applicable adjustment is used. The following clause explains this:
“If more than one adjustment applies for the source type or character of a given single sound source, only the largest
adjustment shall be applied. However, time period adjustments are always added to the otherwise adjusted levels.”
Add the nighttime adjustment used in calculating DNL to any other applicable adjustment (not limited to a potential 10dB
adjustment for a quiet rural area).
Context:
Health Canada has suggested that the response to EIS-06-255 contains an incorrect interpretation of CSA (2005)
OPG Response:
In addition to the +10 dB adjustment for a quiet rural area, additional adjustments were included where appropriate for
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specific sources. For example, a +5 dB adjustment was applied to noise sources that were considered tonal. However,
as the resulting noise levels at the receptor locations are not predicted to be tonal, the addition of the 5 dB adjustment
was not warranted as specified in Appendix A of CSA (2005), ”Adjustments for tonal character should only be applied
when the total sound is audibly tonal at the receiver location.” Therefore, the predictions of %HA are likely conservative.
Reference:
CSA. 2005. Acoustics – Description, Measurement and Assessment of Environmental Noise – Part 1: Basic Quantities
and Assessment Procedures. Canadian Standards Association CAN/CSA-ISO 1996-1:05 (ISO 1996-1:2003).

EIS 09-433

 Section 10.1,
Biophysical
Environment
 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions
 Section 11.5.6,
Human Health

Information Request:
Resubmission of EIS 05-210, Part b:
Provide an explanation for why other radionuclides were not measured in the sites used for tritium and gross beta
monitoring. Provide any data not reported in the EIS and TSD on other radionuclides at the sites used for tritium and
gross beta monitoring.
Include an analysis of the effect of no data for other radionuclides at the tritium and gross beta monitoring sites on
uncertainty of the assessment.
Context:
From IR EIS 05-201: Cesium-137, cesium-134 and potassium-40 were measured in Lake Huron and cobalt-60, cesium134, cesium-137, potassium-40, strontium-90, iodine-129, technetium-99 and chlorine-36 were measured in surface
water samples from the railway ditches (TSD, page 81). However, no reported analyses were conducted on samples
taken from the sites used for tritium and gross beta monitoring.
The lack of data on other radionuclides from the tritium and gross beta sampling sites produces an uneven dataset with
higher uncertainty than would have been the case had other radionuclides been analysed on a routine basis from the
standard monitoring sites. An explanation for this situation, and an analysis of the effect the lack of data on other
radionuclides on uncertainty is required for the evaluation of the reliability, appropriateness and scientific credibility of the
assessment.
The response to the first submission of this IR was not sufficient.
OPG Response:
A review of existing data sources, literature, and history of radionuclides in the area surrounding the DGR Project
indicated that existing information on radiation and radioactivity was sufficient from an EA perspective. Therefore, a
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radiological monitoring program specific to the DGR Project was not warranted and results from existing data sources
were relied on to characterize the environment. Year 2009 was used as the baseline year for describing the existing
conditions. The location of tritium and gross beta monitoring sites and the sampling results are provided in Section 6.6 of
the Environment Impact Statement (EIS) (OPG 2011).
In addition to tritium and gross beta results, monitoring samples from Lake Huron (close to the Bruce nuclear site) and
the railway ditches had been analyzed for cobalt-60, cesium-137, cesium-134, potassium-40, strontium-90, iodine-129,
technetium-99 and chlorine-36. Historical results of monitoring in Lake Huron and the railway ditches show that
concentrations of these radionuclides were at background levels or less than the respective Minimum Detection Limits
(MDLs), and less than the respective Ontario Drinking Water Standards (MOE 2006). Since the results were consistently
at background levels or less than the respective MDLs, monitoring for other radionuclides was discontinued in Lake
Huron in 2000 and in the railway ditches in 2004. No changes on-site have occurred since these dates that would lead
to increases in concentrations for these radionuclides.
With the exception of monitoring in Lake Huron and the railway ditches, samples from the other monitoring sites were not
analyzed for cesium-137, cesium-134, potassium-40, strontium-90, iodine-129, technetium-99 and chlorine-36. These
locations are further afield and therefore concentrations would be less than samples taken from monitoring sites in Lake
Huron and the railway ditches. Values of less than 1 Bq/L gross beta activity were measured in the surface water
samples (BRUCE POWER 2010). Health Canada drinking water guidelines (HEALTH CANADA 2009) state that
“Compliance with the guidelines may be inferred if the measurements are less than 0.5 Bq/L for gross alpha activity and
less than 1 Bq/L for gross beta activity”. The radionuclides measured in Lake Huron and the railway ditches are beta
and gamma emitters. If elevated concentrations of these nuclides were present off-site, this would have been indicated
by higher gross beta concentrations than were actually measured.
CSA N288.4-10 (CSA 2010, Section 7.5.4) states “It might not be practical or necessary to measure all contaminants
(i.e., chemical or radiological substance) in all media.” The environmental measurements are consistent with
clause 7.5.4, Note (1) of the Standard, which indicates that “Where several contaminants contribute to a dose,
measurements used to estimate the dose should include contaminants that account for at least 70% of that dose. The
set of measured contaminants may be further reduced if the estimated dose is very small, for example less than 10% of
the relevant dose. Dose contributions from other contaminants may be based on modelled concentrations”.
The absence of monitoring of cesium-137, cesium-134, potassium-40, strontium-90, iodine-129, technetium-99 and
chlorine-36 does not lead to higher uncertainty in dose estimates. This is because these radionuclides are either at
background levels or at levels that are below MDL. Therefore, analyzing samples for these radionuclides would not
provide any information that could be used in dose assessments.
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References:
CSA. 2010. Environmental Monitoring Programs at Class 1 Nuclear Facilities and Uranium Mines and Mills. Canadian
Standards Association N288. 4-10.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. B-REP03419-00010 R000.
HEALTH CANADA. 2009. Guidelines for Canadian Drinking Water Quality: Guideline Technical Document –
Radiological Parameters.
MOE. 2006. Ontario Regulation 169/03: Ontario Drinking-Water Quality Standards. Ministry of Environment.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
EIS 09-434

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain the consistent difference in hydrogen isotope values between two boreholes (DGR-3 and DGR-4) over the same
stratigraphic intervals.
Context:
The conclusion that mass transport in the Ordovician and Silurian is diffusion-dominated is fundamental to much of the
safety case for the proposed DGR.
PSR Figure.4-39 shows hydrogen isotope values in methane for the Cobourg to Georgian Bay stratigraphic interval that
are distinctly different in DGR-3 and DGR-4. For all equivalent depths where measurements are reported for DGR-3 and
DGR-4, the delta 2H values are lowest in DGR-4 samples.
This difference appears to be inconsistent with the characteristics of a diffusion-dominated system.
OPG Response:
The conceptual model for the geochemical evolution of the Bruce nuclear site hypothesizes, based on multiple lines of
geoscientific evidence, that solute transport within the Ordovician formations is diffusion-dominated, and the methane
data collected from analyses of the DGR rock cores (DGR-2, -3 and -4) is consistent with such a hypothesis. The
observed differences in the 2H values for methane between DGR-3 and DGR-4 is hypothesized to be the result of an
improved laboratory method used to extract methane from the rock core samples in DGR-4; the justifications for this
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assessment are provided below.
For both DGR-3 and DGR-4, methane was sampled by out-gassing from crushed rock cores in Wheaton bottles, but, for
DGR-4, a second method was used as well, where 10 to 25 mm chunks of rock were out-gassed in IsoJars (Clark et al.
2010; TR-08-19). As observed by Clark et al. (2010; TR-08-19), there is a systematic shift in the isotopes (most notably
2
HCH4) depending on the method used to extract methane from the DGR-3 and DGR-4 cores. The larger core chunks
(IsoJars) are believed to minimize methane loss during sample handling and loading into the containers, and thus the
methane data for DGR-4, as presented in the Preliminary Safety Report (PSR) OPG 2011, Figure 4-39), the
Geosynthesis (NWMO 2011, Figure 4.10) and the Descriptive Geosphere Site Model (DGSM) (INTERA 2011,
Figure 4.67), are the results from the analyses using IsoJars. Clark et al. (2010; TR-08-19) note that the IsoJar samples
yielded slightly higher methane concentrations and a shift (approximately 15-30 ‰Vienna PeeDee Belemnite (VPDB)) in
the light isotopes to more depleted 2H values. It is possible that the reduced sample preparation time and reduced
exposure to atmosphere during loading of the containers using rock chunks in IsoJars, instead of using crushed samples
in Wheaton bottles, results in both higher methane yields and more depleted 2HCH4 signatures because there is less
opportunity for the light isotopes (1H) to be lost prior to sealing of the samples within the containers. Thus, the potential
for the preferential loss of the light gas components during preparation and loading would be most evident in the
comparison of the 2HCH4 profiles for Wheaton bottles versus IsoJars for DGR-4 (Clark et al. 2010, Figure 16), where
more enriched 2H values would be measured for those samples subject to increased handling, i.e., more potential for
light isotope (1H) loss.
Although there is the observed difference in the 2H composition of the methane between DGR-3 and DGR-4, which is
attributable to an advance in laboratory methodology, the overall trends observed in the isotopic ratios between the two
boreholes are the same, which is most significant in the context of solute transport. For samples in both boreholes,
biogenic methane signatures are evident in the Ordovician shales and the Cobourg Formation, and thermogenic
methane signatures are evident in the underlying Ordovician carbonates, as indicated by the discrimination diagrams
presented in the Preliminary Safety Report (PSR) (OPG 2011, Figure 4-41), the Geosynthesis (NWMO 2011,
Figure 4.12) and the DGSM (INTERA 2011, Figure 4.68). The observed separation between biogenic and thermogenic
methane, as well as between helium with different 3He/4He ratios over the same stratigraphic interval (NWMO 2011,
Section 4.4.3.2), provides evidence that advective mixing has not occurred and that diffusive transport is extremely slow,
suggesting the presence of a natural barrier to solute transport near the base of the Cobourg Formation.
The supporting evidence for diffusion-dominated transport within the sedimentary package at the Bruce nuclear site
includes the 18O, Cl and Br natural tracer profiles (NWMO 2011, Section 4.4.1), the measured low in-situ hydraulic
conductivities (between 10-12 and 10-15 m/s; see INTERA 2011, Figure 4.88), and the low effective diffusion coefficients
(De < 10-11 m2/s; NWMO 2011, Figure 5.7) measured in the laboratory. Further support is provided in the
hydrogeological modelling, where Péclet numbers for the Ordovician formations are consistently below 0.4 (indicative of
diffusion; NWMO 2011, Section 5.4.4, and Section 5.5, page 290). The existence of overpressured and underpressured
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hydraulic formation conditions at the site further attest to the low rock mass permeabilities at formation scale, particularly
for the Ordovician sediments, in addition to the distribution of the methane and helium isotopes, all of which suggest the
presence of a natural barrier to solute transport near the base of the Cobourg Formation. The hydraulic, hydrogeologic
and geochemical data determined during site characterization activities at the Bruce nuclear site are consistent with the
interpretation that solute transport is diffusion-dominated in the Ordovician formations (i.e., solute migration has been
dominated by diffusive properties for long period of geologic time).
In summary, it is most likely that the difference between DGR-3 and DGR-4 in the context of 2HCH4 is the result of the
laboratory method used to extract the methane from the rock cores (Wheaton bottles versus IsoJars). The shift in 2H
values suggests that there is less potential for gas and light isotope loss during preparation and sampling using rock
chunks (IsoJars, as used for DGR-4) than there is using crushed samples (Wheaton bottles, as used for DGR-3). The
results of the analyses for DGR-4 are consistent with what is observed in DGR-2 and DGR-3, in that methane of biogenic
origin is identified in the Ordovician shales and the Cobourg Formation, and methane of thermogenic origin is identified
in the underlying Ordovician carbonates, the isotopic signatures of which indicate very little mixing between the gases
across the Cobourg and Sherman Fall formations. The hypothesis that solute transport is diffusion-dominated at the
Bruce nuclear site is consistent with the methane results and is supported by a number of additional hydraulic and
geochemical data measured in-situ and in the laboratory.
References:
Clark, I., I. Liu, H. Mohammadzadeh, P. Zhang, R. Mohapatra, and M. Wilk. 2010. Porewater and Gas Analyses in
DGR-3 and DGR-4 Core. Intera Engineering Ltd. report TR-08-19 Rev.0. University of Ottawa, Ottawa, Canada.
(available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO TR-2011-11 R000. Toronto,
Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-435

 Section 10.1.3,
Groundwater
 Section 11.4.3,

Information Request:
Resolve the apparent contradiction that the Cobourg Formation is a barrier to solute migration, when methane and
helium are considered, but presents no barrier to the downward flux of salts by diffusion.
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Context:
The conclusion that mass transport in the Ordovician and Silurian is diffusion-dominated is fundamental to much of the
safety case for the proposed DGR.
On the basis of thermogenic vs biogenic methane occurrences and He isotope ratios, it is concluded "that there is a
barrier to vertical solute migration within the Cobourg Formation." (PSR, page 163)
On the other hand, the downward depletion trends of natural tracers (Cl & Br) and TDS show smooth trends (PSR
Figures 34 & 36) through the Cobourg Formation into the older Middle Ordovician limestones. These trends are
explained by a downward mass flux of salts by diffusion (i.e. Diffusion From Above Conceptual Model).
This appears to be inconsistent with the characteristics of a diffusion-dominated system.
OPG Response:
The conceptual model for the geochemical evolution of the site has evolved since publication of the Preliminary Safety
Report (PSR) (OPG 2011) and Geosynthesis (NWMO 2011), as similar questions arose that required further
conceptualization in the context of the mobility of natural tracers and gases. The updated conceptualization is described
in detail in OPG’s response to Information Request EIS-09-444 and has improved consistency between the methane and
helium isotope data, the natural tracer profiles, and the distribution of secondary halite as observed in core from the DGR
boreholes. The updated assessment reinforces the hypothesis that diffusive processes within the Ordovician sediments
have governed solute mobility for hundreds of millions of years.
The conceptual model summarized in the Geosynthesis (NWMO 2011, Section 4.5.2) considered diffusive transport of
solutes downward from the Silurian hypersaline brines, through the Ordovician shales and into the Trenton- and Black
River- Group limestones, with the upper boundary condition for salinity (using Cl) being placed at the top of the
Ordovician shales. Further assessment of this conceptual model that, among other factors, considered information
regarding halite occurrence in drill core logs (NWMO 2011, Section 2.3.7; OPG 2011, Section 4.1.2.2; INTERA 2011,
Section 3.7.1.2), resulted in a revision. In particular, the common occurrence of halite throughout the Ordovician shales
and the Cobourg Formation strongly suggested that the positioning of the upper salinity boundary should be lowered by
~200 m from the top of the Ordovician shales to the Cobourg Formation.
A variety of processes (e.g., ion exchange, thermal gradients, fluid mixing) were considered to account for the in-situ
precipitation of halite. Based on this assessment, it is postulated that halite precipitation within the Ordovician shales is
most likely to be associated with dewatering and ion filtration up to the time of peak burial and sediment consolidation. In
the revised conceptualization, solutes from the hypersaline Silurian brines are presumed to have migrated downward into
the Ordovician shales and the Cobourg Formation prior to peak burial and maximum consolidation. As the burial history
of the Michigan Basin is currently understood, peak burial is estimated to have taken place during the Late Paleozoic
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(i.e., Permo-Carboniferous; see Coniglio and Williams-Jones 1992); by that time, precipitation of halite in the Ordovician
shales and the Cobourg Formation, and the resulting partial occlusion of the pore spaces by salt, is assumed to have
occurred. It is not possible to definitively state the physical properties of the Ordovician shales as they existed during the
time period prior to peak burial when hypersaline brines were generated by seawater evaporation, but it is likely that the
porosity, effective diffusion coefficients and hydraulic conductivities were higher than those measured today due to a
lesser degree of consolidation at that time. Conditions may have been more conducive (than at present) to transport of
Silurian brines/solutes downward by diffusion and advection. Consolidation and halite precipitation would lead to a
decrease in the effective diffusion coefficients for the Ordovician shales and the Cobourg Formation, acting to slow
solute transport in these formations.
As a result of this refined interpretation, including the distribution of halite within the DGR cores (NWMO 2011,
Figure 2.33) and the interpretation of halite precipitation during consolidation, the constant concentration boundary
condition for Cl was moved down into the Cobourg Formation (Cl=5800 mmol/kgw; equilibrium with respect to halite).
This boundary condition is presumed to have been established at a time coinciding with peak burial and maximum
consolidation (~300-250 million years ago). The revised conceptual model suggests that the diffusion profiles observed
18
in Trenton and Black River groups for the Cl, Br and O data are the result of diffusion that occurred between the upper
salinity boundary in the Cobourg Formation and the lower boundary in the shield over the time since peak burial. This
revision has improved consistency with the natural barrier hypothesis presented in the PSR (OPG 2011, Section 4.3.2.3)
and the Geosynthesis (NWMO 2011, Section 4.4.3 and 4.6), in that the upper salinity boundary for diffusion now
coincides with the approximate location of a natural barrier to solute transport inferred from the methane and helium
isotope data.
In addition to the above-noted changes to the conceptual model as it relates to solute diffusion, there is strong evidence
that helium and methane transport would be subject to significant retardation compared to Cl-, Br- and the water
isotopes. Retardation of the gases would sharpen the helium and methane depth profiles, thereby providing an
explanation for the apparent contradiction that the Cobourg Formation represents a form of barrier to methane and
helium migration, but presents less resistance to the downward flux of Cl-, Br- and the water isotopes by diffusion.
Helium is commonly considered to behave conservatively during transport (i.e., non-reactive; Simon and Brusseau
2007), but it has been shown that the solubility of He in crude oils is higher than in water, and approximately 15 times
higher than in high-Total Dissolved Solids (TDS) brine (Kharaka and Specht 1988). If liquid hydrocarbons are present
(INTERA 2011, Section 3.7.4.2), partitioning of He into hydrocarbons would cause retardation of diffusive transport. The
same is true for methane, as Schloemer and Krooss (1997, 2004) report that Da for methane in shale is strongly
dependent on organic carbon content and temperature (Da is the apparent diffusion coefficient and differs from De in that
it includes the effect of retardation processes such as sorption and precipitation-dissolution). At 150°C, they report a tenfold decrease in Da for methane between shale with essentially no organic matter and shale with 5% organic content. At
90°C, the effect is stronger, with a decrease of two orders of magnitude between shale with essentially no organic matter
and shale with 2.2% organic content. This temperature effect reflects the temperature dependence of the partitioning
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coefficient for methane between water and organic carbon. INTERA (2011, Section 3.7.4.1) report a maximum solid
organic carbon content of approximately 2.5 wt% in the Collingwood Member of the Cobourg Formation (range of
measured values is between 0 and 2.5 wt%). The temperature at this depth is approximately 20-25°C, and based on the
results from Schloemer and Krooss (1997, 2004), a decrease in Da of at least two orders of magnitude compared to an
organic-free shale is expected in the Collingwood Member (NWMO 2011, Section 4.4.3.1).
The updated conceptualization is consistent with the natural barrier hypothesis presented in the Geosynthesis
(NWMO 2011, Section 4.6) and the PSR (OPG 2011, Section 4.6.6), and is also consistent with the natural tracer data
and the observations of halite distribution throughout the DGR drillcores. Though the conceptualization has evolved
since the licensing submission, it is important to note that the key conclusions from the site geochemical data, including
interpretations of solute transport, are unchanged – i.e., solute transport within the Ordovician formations, as indicated by
in-situ measurements of hydraulic conductivity and laboratory estimates of effective diffusion coefficients, is diffusiondominated, and solute residence times within the Ordovician formations are on the order of hundreds of millions of years.
References:
Coniglio M. and A.E. William-Jones. 1992. Diagenesis of Ordovician carbonates from the north-east Michigan Basin,
Manitoulin Island area, Ontario: Evidence from petrography, stable isotopes and fluid inclusions. Sedimentology 39,
pp.813-836.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
Kharaka, Y.K. and D.J. Specht. 1988. The solubility of noble gases in crude oil at 25-100°C. Applied Geochemistry 3,
137-144.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc #300)
Schloemer, S. and B.M. Krooss. 1997. Experimental characterization of the hydrocarbon sealing efficiency of cap rocks.
Marine and Petroleum Geology 14, pp.565-580.
Schloemer, S. and B.M. Krooss. 2004. Molecular transport of methane, ethane and nitrogen and the influence of
diffusion on the chemical and isotopic composition of natural gas accumulations. Geofluids 4, pp.81-108.
Simon, M.A. and M.L. Brusseau. 2007. Analysis of a gas-phase partitioning tracer test conducted in an unsaturated
fractured-clay formation. Journal of Contaminant Hydrology 90, pp.146–158.
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Information Request:
Provide an Eh - pH diagram(s) illustrating mineral stabilities and porewater compositions encountered in the stratigraphic
sequence of the DGR site.
Context:
The redox conditions of porewaters at various stratigraphic levels have been defined using a variety of redox couples
and mineralogical and geochemical evidence (PSR page.150 & Descriptive Geosphere Site Model Report, Section 4.6.).
Eh -pH diagrams (or pe - pH) are commonly used to visualize mineral stabilities and formation water compositions.
OPG Response:
As presented in the Descriptive Geosphere Site Model (DGSM) (INTERA 2011, Section 4.6.8), redox conditions at the
Bruce nuclear site were assessed by indirect methods – an approach similar to that advocated by Berner (1981). This
method was chosen because the crush and leach method used to determine the chemical composition of the porewater
does not allow for direct measurement of EH and the concentrations of relevant redox couples such as Fe2+/Fe3+ and
HS-/SO42-. Similarly, the crush and leach method does not allow for direct measurement of pH. Due to the high salinities
and low water contents of the Ordovician shale and carbonate porewaters, pH and EH could not be measured by
conventional methods (e.g., pH meter, half cell–reference electrode), and, as a result, redox was assessed by indirect
methods – particularly mineralogy. Consequently, the following response necessarily relies on indirect estimates of EH,
pH and aqueous activities that are required to construct an EH-pH diagram. These estimates were obtained through the
use of the equilibrium geochemical code PHREEQC (Parkhurst and Appelo 2013).
The pH values, which range between 5.0 and 6.2, were calculated using porewater major-ion and CO2 concentration
data from Clark et al. (2010, TR-07-21). The system was forced to equilibrium with respect to calcite. These pH
estimates are subject to error, mostly from uncertainties in the determination of CO2 concentrations, but also from
uncertainties in the major-ion concentrations, particularly from an expected overestimation of the concentration of Ca2+
as a result of anhydrite dissolution during the crush and leach procedure. The CO2 measurements are conducted by
vacuum distillation at 150°C – much higher than the 25°C temperature used for the PHREEQC calculations - and in
addition to CO2 released from the porewater, it is likely that there are contributions from other sources such as
desorption from hydrocarbons. The pH calculated by charge balance is subject to errors in the major-ion concentrations
as well as with the assumption of calcite equilibria (INTERA 2011, Section 4.6.8). The potential impacts of these
uncertainties were evaluated by sensitivity analysis in which the concentrations of relevant components were varied
systematically in PHREEQC (INTERA 2011, Section 4.6.8). This analysis indicates a precision of ±1 pH unit for the
porewater.
Redox conditions are defined in terms of dissolved gases, stable carbon isotope ratios, and the distribution of redox-
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sensitive minerals within the rock mass. Mineralogical and geochemical evidence (e.g., Schandl 2009, Skowron and
Hoffman 2009) from the DGR cores indicates that sulphide minerals (predominantly pyrite) and organic carbon are
common throughout the stratigraphic sequence, and are common in the intermediate and deep groundwater systems.
Their presence suggests that redox conditions range from iron- and sulphate-reducing to methanogenic.
For illustration purposes, an EH-pH diagram has been constructed to show iron speciation at 6.0 MPa and 25°C
(Figure 1; plotted using Geochemist’s Workbench®). It is constrained by ionic activities calculated with PHREEQC using
the Pitzer.dat database. Iron concentrations are not available for the Ordovician porewater; therefore, an average of the
values measured in opportunistic groundwater (OGW) samples for the nearest aquifers (i.e., the Guelph and Cambrian
formations) were assumed for the purpose of generating the EH-pH diagram. In the absence of direct measurements of
EH and concentrations of relevant redox couples (Fe2+/Fe3+, HS-/SO42-), the porewater EH is estimated at -150 mV
(INTERA 2011, Sections 4.6.8 and 4.13.5 through 4.13.7) for the Ordovician shales and carbonates; this value is
bounded by the measured EH values for the OGW samples from the Guelph and Cambrian formations (OGW-9, -10, -11
and -12; INTERA 2011, Table 4.7) on the EH-pH diagram below, providing a range of approximately -125 to -165 mV. As
indicated in Figure 1, the range of pH and EH estimated for the Ordovician porewaters plot within the pyrite stability field.
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Figure 1: Eh-pH Iron Speciation Diagram at 6 MPa and 25 Degrees Celsius
(using PHREEQC and Geochemist’s Workbench®)
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References:
Berner, R.A. 1981. A New Geochemical Classification of Sedimentary Environments. Journal of Sedimentary
Petrology, 51(2), pp.359-365.
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EIS 09-437

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
In the context of oxygen isotopes:


Quantify what is meant by a "long period" in the statement on page163 of the PSR..



Substantiate this argument using reaction rates available from the literature.

Context:
The residence time of chemical species in the cap rock is used to strengthen the case for retention of radioisotopes for
extensive time periods.
Page 163 of the PSR states: "18O enrichment with respect to the GMWL in the majority of the Ordovician porewaters
suggests long periods of water rock interaction (i.e., long residence times in the sedimentary system)."
The kinetics of oxygen isotope exchange between minerals and an aqueous phase have been studied extensively and
could be used to predict equilibration periods.
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OPG Response:
In the context of the Information Request, “long periods” or “long residence times”, as worded in the Preliminary Safety
Report (PSR) (OPG 2011, Section 4.3.5) and the Geosynthesis (NWMO 2011, Section 4.6), implies timeframes on the
order of hundreds of millions of years. The justifications for the interpretations of the 18O natural tracer data, as they
relate to the assessment of porewater and solute longevity in the Ordovician sediments, are summarized below.
The 18O and 2H values of formation waters from sedimentary basins typically plot to the right of, and below, the Global
Meteoric Water Line (GMWL), displaying enrichments in 18O and relatively small enrichments in 2H relative to the GMWL.
As summarized by Hobbs et al. (2011) and NWMO (2011, Section 4.3.3), independent studies (e.g., Wilson and Long
1993a, 1993b) hypothesize that the Michigan Basin brines originated as evaporated seawater. Holser (1979) and
Knauth and Beeunas (1986) proposed that the stable isotopic composition of sedimentary formation waters may reflect
evaporative processes. Evaporated seawater naturally plots to the right of, and below, the GMWL (e.g., Holser 1979;
see Figure 3.3 in Hobbs et al. 2011), as observed in the Michigan Basin groundwaters from southern Ontario (see Hobbs
et al. 2011, Section 7.3), as well as groundwaters and porewaters from the Bruce nuclear site (NWMO 2011, Section
4.3.3), which indicates enrichment in 18O for the basin fluids at the onset of diagenesis. The preservation of the
evaporative signatures, as observed in the sedimentary porewaters at the Bruce nuclear site, are what is referred to in
the summary statements in the PSR (OPG 2011, Section 4.3.5) and Geosynthesis (NWMO 2011, Section 4.6) and noted
in the Context above. The preservation of the evaporative signatures indicates that the original porewater has been
retained in the sedimentary system for hundreds of millions of years. In addition to evaporative enrichment of 18O,
diagenetic enrichment (or depletion) of 18O values in sedimentary basin fluids has been suggested as a result of
isotopic exchange reactions between waters and associated carbonate minerals (e.g., Clayton 1966, Hitchon and
Friedman 1969, Connolly et al. 1990). Wilson and Long (1993a, 1993b) present detailed discussions of the origin of
Devonian and Silurian brines in the Michigan Basin. They consider all reasonable mechanisms that could explain the
observed isotopic and chemical composition of the brines. Their results can be summarized by stating that the deep
brines (unaffected by recent mixing with meteoric water) are derived from evaporated seawater, and that the isotopic
compositions could have been affected by exchange with carbonate or sulphate minerals; however, the respective
enrichments due to evaporation and isotopic exchange cannot be resolved. A statement from the summary section of
Wilson and Long (1993a) is presented below:
“Brine samples from the Lower Devonian units have both isotope and chemical compositions which suggest that
non-diluted, concentrated seawater remains in the basin. The isotope composition of the brines may have been
affected by equilibration with carbonates or mixing with water derived from gypsum.”
Given the independent conclusion that evaporation is the principal mechanism responsible for the isotopic enrichment of
the brines, OPG’s expert consultants do not see a way forward to provide defensible estimates of the porewater
residence time based on isotope exchange kinetics.
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It should be recognized that the understanding of pore fluid evolution and residence time is derived and substantiated on
multiple lines of evidence that complement and reach beyond 18O systematics alone. Other geochemical and hydraulic
evidence, that is independent of the determinations of 18O values and supports the interpretation that solute transport in
the Ordovician shales and carbonates is diffusion-dominated and that solute residence times within the Ordovician
formations are geologically long, includes: 1) effective diffusion coefficient values are consistently <10-11 m2/s
(NWMO 2011, Section 5.3.5); 2) hydraulic conductivities in the Ordovician shales range between 10-11 and 10-15 m/s
(INTERA 2011, Figure 4.88); 3) estimates of minimum age for helium in-growth in the Ordovician shales are between
250 and 260 Ma (Clark et al. 2013 submitted to Geology); 4) Cl and Br data are consistent with the interpretation of the
origin of the Michigan Basin brines (see Hobbs et al. 2011, Section 7.3.1.2; NWMO 2011, Section 4.3.3); and, 5)
hydrogeological modelling activities result in Mean Lifetime Expectancy (MLE) values in the Ordovician shales of at least
100 Ma (Sykes et al. 2011, Section 4.4.1). These multiple lines of evidence support the interpretation of porewater and
solute longevity within the deep sedimentary system.
As described above, “long time periods”, as used in the PSR (OPG 2011) and the Geosynthesis (NWMO 2011) in the
context of the hydrogeochemistry data and solute transport, alludes to timeframes on the order of hundreds of millions of
years, as the porewaters have retained evaporative 18O signatures for the hundreds of millions of years that they have
been resident in, and have been interacting with, the shale and carbonate host rocks. Both porewater and solute
longevity in the Ordovician shales, as evidenced by the geochemistry and the hydraulic properties of the sediments,
attest to the ability of the Ordovician shales to retain porewaters and solutes for timeframes relevant to the Safety Case.
References:
Clark, I.D., T. Al, M. Jensen, L. Kennell, M. Mazurek, R. Mohapatra and K.G. Raven. 2013. Paleozoic-age brine and
authigenic helium preserved in an Ordovician shale aquiclude. (Submitted to Geology).
Clayton, R.N., I. Friedmen, D.L. Graf, T.K. Mayeda, W.F. Meents and N.F. Shimp. 1966. The origin of saline formation
waters: I. Isotopic composition. Journal of Geophysical Research 71(16), pp.3869-3882.
Connolly, C.A., L.M. Walter, H. Baadsgaard and F.J. Longstaffe. 1990. Origin and evolution of formation waters, Alberta
Basin, Western Canada Sedimentary Basin. II. Isotope systematics and water mixing. Applied Geochemistry 5,
pp.397-413.
Hitchon B. and I. Friedman. 1969. Geochemistry and origin of formation waters in the western Canada sedimentary
basin: I. Stable isotopes of hydrogen and oxygen. Geochimica et Cosmochimica Acta 33, pp.1321-1349.
Hobbs, M.Y., S.K. Frape, O. Shouakar-Stash and L.R. Kennell. 2011. Regional Hydrogeochemistry – Southern Ontario.
Nuclear Waste Management Organization report NWMO DGR-TR-2011-12 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Holser, W.T. 1979. Trace elements and isotopes in evaporites. In: Burns, R.G. (Ed.). Reviews in Mineralogy 6,
pp.295-346. Mineral Society of America, Washington, USA.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Knauth, L.P. and M.A. Beeunas. 1986. Isotope geochemistry of fluid inclusions in Permian halite with implications for
the isotope history of ocean water and the origin of saline formation waters. Geochimica et Cosmochimica Acta 50,
pp.419-433.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Wilson, T.P. and D.T. Long. 1993a. Geochemistry and isotope chemistry of Michigan Basin brines: Devonian
formations. Applied Geochemistry 8, pp.81-100.
Wilson, T.P. and D.T. Long. 1993b. Geochemistry and isotope chemistry Ca-Na-Cl brines in Silurian strata, Michigan
Basin, U.S.A. Applied Geochemistry 8, pp.507-524.

EIS 09-438

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Explain the groundwater flow regime that would allow Pleistocene melt waters to recharge the Salina A1 aquifer at the
site, given the elevated density of the original formation waters.
Context:
The baseline proposed for Silurian and Devonian formational waters is evaporated sea water with Cl concentration of 6
to 7 mol/kgw (PSR, page 140). The oxygen and hydrogen isotopic signature of the thin aquifer of the Salina A1 unit is
explained as the result of mixing with glacial melt water through recharge from subcrops east of the site (PSR, pages
141 - 142).
OPG Response:
Displacement of high density brines at depth can occur if freshwater recharges at sufficient head to overcome the
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increased pore fluid pressures at depth (due to pore fluid densities greater than freshwater). The increased head in
recharge areas, relative to discharge areas for the aquifer unit, can be the result of higher topography, as exists east of
the DGR site, or due to high fluid pressures beneath ice-sheets, as compared to regions without ice cover.
The upper portion of the Salina A1 Carbonate "has open vuggy porosity and permeability" (INTERA 2011,
Section 3.8.3.8), resulting in higher permeability than determined for the lower portions of the A1 Carbonate. It is
unknown whether the enhanced porosity and permeability of the upper few metres of the A1 Carbonate are continuous
across the basin, or are merely local in extent. From the 3DGF model (ITASCA CANADA and AECOM 2011,
Figure 1.1), the A1 Carbonate significantly thins to less than 5 m from approximately 20 km northeast of the DGR site to
the subcrop area approximately 40 km northeast of the DGR site. The A1 Carbonate also subcrops/outcrops within Lake
Huron as defined in the 3DGF (ITASCA CANADA and AECOM 2011, Figure 1.1). The A1 Upper Carbonate is only
defined as the Upper Carbonate at the DGR site, for the purposes of hydrogeologic characterization, and has not been
labeled as such elsewhere in southern Ontario (refer to Armstrong and Carter 2010).
Estimated flow directions in the A1 Upper Carbonate are in a north-westerly direction, from higher topography east of the
DGR site towards Lake Huron (INTERA 2011, Section 4.12.3). Sufficient head due to topography currently exists east of
the DGR site to displace A1 Upper Carbonate pore fluids, assuming Guelph Formation pore fluid densities of
approximately 1250 kg/m3. During glaciation, high subglacial freshwater heads overlying Lake Huron could reverse
present day topographic gradients to force glacial meltwater to flow south-eastward through the A1 Upper Carbonate.
This glacial influence has no material impact on the DGR safety case.
References:
Armstrong, D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario. Ontario
Geological Survey, Special Volume 7. Sudbury, Canada.
ITASCA CANADA and AECOM. 2011. Three-Dimensional Geological Framework Model. Itasca Consulting Canada,
Inc. and AECOM Canada Ltd. report for the Nuclear Waste Management Organization, NWMO DGR-TR-2011-42 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization, NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-439

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain the derivation of horizontal hydraulic conductivities (KH) in PSR Table 4-4 from the DGR borehole testing results.
Specify the contributions of measurement errors versus formational heterogeneity to the variability found among the
boreholes.
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Explain how the variability of measurements affects the site-scale numerical and computational models.
Context:
The confidence in hydrogeological models on a local, regional and basin-scale is strongly dependent on the choice of
hydrogeologic parameters. More detail and justification is needed regarding these choices.
The horizontal hydraulic conductivities (KH) reported for DGR boreholes generally vary by between 2 and 4 orders of
magnitude within the same unit (Hydrogeologic Modelling TSD, Figure 2.18). The base-case hydrogeological parameter
values used for regional-scale and site-scale modelling are discrete values without a measure of variability (PSR,
Table 4-4).
The hydrogeologic parameters used are based on the DGR borehole investigations (Descriptive Geosphere Site Model
Report) and are applied to both the regional-scale and site-scale numerical models. Field straddle-packer testing
intervals in the DGR boreholes vary from hole to hole and frequently cross formational boundaries.
OPG Response:
The derivation of average rock mass formation specific hydraulic conductivities is described in the Descriptive
Geosphere Site Model (DGSM) (INTERA 2011, Section 4.9; GEOFIRMA 2011). In this regard, Figure 2.18 in the
Hydrogeologic Modelling report (Sykes et al. 2011) is identical to that of Figure 4.88 in Section 4.2.9.1 of INTERA (2011).
Variability, as it influenced the designation of hydrostratigraphic units and average properties, is discussed by INTERA
(2011, Section 4.13). A statement of confidence in the estimated average formation hydraulic conductivities is provided
in Section 4.16.7 of INTERA (2011). Specific details on laboratory and in-situ testing methods are provided in
Sections 4.3.4 and 4.9.2.1, respectively, in INTERA (2011). In this regard, the interpretative methods and results of the
in-situ hydraulic borehole testing program are associated with the greatest confidence in the derivation of average
formation rock mass hydraulic conductivities. The basis for this statement includes: i) consistently low test interval
compressibilities approximating that of brine; ii) explicit incorporation of pre-test borehole pressure history; iii) a testing
sequence requiring duplicate hydraulic tests in the same interval; iv) targeted short interval testing in DGR-6
(INTERA 2011, Section 4.9.2.2); and v) application of the nSIGHTS well test analysis code to obtain best fit matches
from pressure transient data to estimate average test interval hydraulic conductivities. As described below, the selected
average formation hydraulic conductivities derived from this testing are internally consistent with other independent sitespecific observations and natural analogues that provide an additional degree of assurance.
As stated in the Geosynthesis (NWMO 2011, Section 5.2.2.1), the KH estimates presented in the DGSM (INTERA 2011,
Section 4.9.2; Figure 4.88) are based on an assumption that the intervals tested are homogeneous. While in-situ
borehole hydraulic testing protocols attempted to avoid the inclusion of multiple formations or formation contacts within
the test intervals (10.2 to 30.7 m long), this could not be achieved in all circumstances. This is particularly the case in
situations where the test interval included a thin higher permeability aquifer unit, which can dominate the estimated test
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interval hydraulic conductivity and, in certain instances, reflect an apparent large degree of variability (i.e., hydraulic tests
at or near the A1 or Guelph aquifers). The approach used to avoid such biases in selecting average formation hydraulic
conductivities within the near horizontally layered sedimentary sequence is described in INTERA (2011, Section 4.9.2.3).
Estimated average rock mass hydraulic conductivities for the vast majority of the sedimentary sequence were low and
representative of aquitard or aquiclude characteristics, as described in the hydrostratigraphic conceptual model for the
site (INTERA 2011, Section 4.15). This is particularly the case for the thick Ordovician cap rock shales and Trenton
Group carbonates, that are proposed to host and enclose the DGR, with estimated average hydraulic conductivities
typically less than 10-13 m/s and variability less than a factor of 3 (INTERA 2011, Sections 4.13.5 and 4.13.6). The
numerical analyses indicate that at such low hydraulic conductivities mass transport is diffusion dominant (estimated
Peclet number << 0.4), such that possible variability in observed properties would not affect predictions (Sykes et al.
2011, Section 7.2.5)
It is important to recognize that the average bedrock formation hydraulic conductivities are consistent with other
independent information gathered during site characterization studies that are indicative of a long-lived diffusion
dominant transport regime. This supporting evidence includes: i) the site specific natural analogue for solute migration
involving the 18O, Cl and Br natural tracer profiles (NWMO 2011, Section 4.4.1); ii) the site specific analogue examining
the generation and preservation of the abnormal formation under pressures (NWMO 2011, Section 5.4.7.4); iii) the low
effective diffusion coefficients (De < 10-11 m2/s; NWMO 2011, Figure 5.7); and iv) estimates of minimum age for helium ingrowth in the Ordovician shales between 250 and 260 Ma (Clark et al. 2013, submitted to Geology). Such evidence
provides a degree of verification and confidence that the selected formation properties, including hydraulic conductivity,
as described in Sykes et al. (2011), yield a constrained basis that contributes to an understanding of long-term
groundwater system behaviour and solute transport mechanisms at site, local and regional scales.
References:
Clark, I.D., T. Al, M. Jensen, L. Kennell, M. Mazurek, R. Mohapatra and K.G. Raven. 2013. Paleozoic-age brine and
authigenic helium preserved in an Ordovician shale aquiclude. (Submitted to Geology).
GEOFIRMA. 2011. Compilation and Consolidation of Field and Laboratory Data for Hydrogeological Properties.
Geofirma Engineering Ltd. report TR-08-10 Rev. 1. Ottawa, Canada. (available at
http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F, S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization report
1450

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-440

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain the derivation of liquid porosity values in PSR Table 4-4 for the cap rock sequence (Blue Mountain, Georgian
Bay, Queenston) from the DGR borehole testing results.
Context:
The confidence in hydrogeological models on a local, regional and basin-scale is strongly dependent on the choice of
hydrogeologic parameters. More detail and justification is needed regarding these choices.
In the cap rock sequence (Blue Mountain, Georgian Bay, Queenston) liquid porosity measurements show a bimodal
distribution (Hydrogeologic Modelling TSD Figure 2.19). The base-case hydrogeological parameter values used for
regional-scale and site-scale modelling are discrete values without a measure of variability (PSR Table 4-4).
OPG Response:
The Descriptive Geosphere Site Model (DGSM) (INTERA 2011) provides a description of the derivation of representative
hydrogeologic parameters that were applied in the illustrative numerical hydrogeologic simulations (Sykes et al. 2011).
The development of the conceptual hydrostratigraphic model is provided in Section 4.14 of INTERA (2011).
Representative hydrogeologic properties for the 34 bedrock formations are derived in Section 4.15 of INTERA (2011).
The assessment of confidence in the various geochemical and hydraulic parameters is discussed in Section 4.16 of
INTERA (2011). Detailed laboratory methods, with which porosity values were determined, are described in Sections
4.3.2.1 and 4.3.2.2 of INTERA (2011). With respect to the Ordovician shales, the bi-modal distribution of porosity values
is related to the occurrence of limestone or siltstone interbeds within the otherwise shale-dominant lithology. The
massive shale (bulk shale) samples yielded formation porosities (both liquid and total porosities) that ranged between 7.3
and 8.2%. The lower porosity grouping, with liquid and total porosity values ranging between 0.7 and 3.5%, were from
the limestone/siltstone interbeds within the Ordovician shales. The selected porosity range for hydrogeologic modelling
was that representative of the dominant lithology within the Ordovician shale formations, as shown in Table 4.4 of the
Preliminary Safety Report (PSR) (OPG 2011).
The numerical simulation of the groundwater systems within the Paleozoic and underlying Precambrian basement were
performed to gain insight into, and test the likelihood of hypotheses regarding, long-term system behaviour. The
numerical simulations are linked to site-specific information, and regionally, among other factors, to an understanding of
hydrostratigraphy based on regional bedrock stratigraphy (Sykes et al. 2011, Section 2). Confidence in predicted model
outcomes is based, in part, on base case and sensitivity analyses consisting of over 40 numerical simulations performed
to capture system uncertainty and provide a basis for understanding the mechanisms that are most influential on
groundwater system evolution, as relevant to the DGR safety case. Further, the illustrative numerical model results
assist in conveying an understanding of the likelihood of various phenomena in contributing to unique observed site
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conditions, such as: 1) the formation over- and under- pressures, 2) paleohydrogeologic influence on groundwater
system stability and geochemistry, and 3) environmental isotope mobility as an analogue for long-term solute transport.
Sykes et al. (2011, Section 7) provides a discussion on the overall numerical modelling strategy and the insights gained
with respect to groundwater system behaviour and properties. The numerical modeling results, coupled with field
observations, strongly support a case that solute transport in the low permeability Ordovician shale cap rock is diffusion
dominant. In this situation, it is the effective diffusion coefficient that governs solute transport within the cap rock, and as
incorporated into the governing transport equations and numerical simulations it is insensitive to porosity variability. As
a consequence, estimates of Mean Life Expectancy (MLE) and solute transport would be unaffected by changes in the
porosity of the low permeability Ordovician cap rock sediments.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto. Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Ontario. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-441

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain how a possible groundwater velocity of up to 100 km/Ma in the Cambrian formations predicted by the base
model is consistent with the hypothesis in the Hydrogeologic Modelling TSD that for " all units/ formations beneath Lake
Huron either a divide for groundwater flow occurs or horizontal flow is negligible."
Context:
In the Hydrogeologic Modelling TSD, Section. 6.2.2, it is stated that "the horizontal pore water velocity data for the
Michigan Basin base-case cross-section analysis confirms the hypothesis of this study that at a point in all
units/formations beneath Lake Huron either a divide for groundwater flow occurs or horizontal flow is negligible. It is
noted that a pore velocity of 0.001 m/a equates to a velocity of 1 km/Ma."
It is also stated that "...the horizontal pore velocities in the Cambrian are generally less than 0.1 m/a beneath
approximately the centre of Lake Huron." Note that 0.1 m/a equates to a velocity of 100 km/Ma.
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OPG Response:
An important consideration in developing an understanding of basin scale groundwater flow is the spatial distribution of
variable dense (salinity) pore fluids. This was explored by Sykes et al. (2011) in a series of east-west oriented crosssectional numerical simulations of the Michigan Basin and underlying Precambrian basement. The analyses included a
base (fc-base-litds) and alternative (fc-hanor-litds) case that considered two spatially variable pore fluid Total Dissolved
Solids (TDS) distributions. The specifics of these simulations are described below. It is important to recognize that the
Sykes et al. (2011) statement regarding predicted Cambrian porewater velocities in the Base Case are the consequence
of significant fluid density gradients. As a consequence, larger than expected pore water velocities are predicted. It is
discussed in Section 6.2.2 of Sykes et al. (2011) that such gradients are unlikely to be preserved. This is further
illustrated in the alternative case simulation in which pore water velocities are estimated to be on the order of 10-5 m/a
beneath Lake Huron. In this situation, the base and alternative cases represent bounding simulations that when
considered together provided a reasoned basis and context for the cited statement in the Information Request.
The base-case analysis of the Michigan Basin cross-section (fc-base-litds) assigns a depth-dependent TDS distribution
for the Precambrian based on data from the Canadian Shield (Sykes et al. 2011, Section 6.2.1.4). The TDS distribution
for the sedimentary layers above the Precambrian are assigned based on a TDS vs. depth profile for the Michigan Basin
from Hanor (1979; see Figure 6.4 in Sykes et al. 2011). The combination of an invariant TDS distribution, as applied in
the cross-section simulations (Sykes et al. 2011, Section 6.2.1.4, pg 193), and a TDS contrast, in the numerical model,
between the bottom of the sedimentary layers associated with the Cambrian formations and the top of the Precambrian,
leads to a strong fluid density gradient normal to bedding. Both vertical and horizontal pore fluid velocities result, where
the vertical velocity is greater than the horizontal velocity. This density gradient, which is an artifact of the conceptual
model, is described in Section 6.2.2 of Sykes et al. (2011):
"A large contrast in pore fluid density occurs between the Cambrian and the Precambrian whereby the TDS in
the Cambrian at that location is approximately 425 g/L and in the Upper Precambrian is 300 g/L. This fluid
density contrast induces strong vertical velocities between the Cambrian and the Upper Precambrian due to the
fixed TDS distribution. In a case where TDS is allowed to redistribute due to advection and diffusion, this density
contrast, and the resulting vertical velocities would be reduced. In scenario fc-hanor-litds where the density
contrast does not exist, pore fluid velocities are greatly reduced as compared to the base-case."
Section 6.2.3 of Sykes et al. (2011) describes the application of an alternate TDS distribution (fc-hanor-litds) for the
Precambrian based on Hanor (1979). In this case, no density contrast occurs between the Cambrian Formation and the
−5
Precambrian. The pore water velocity magnitude in the Cambrian, for this case, is less than 10 m/a beneath
approximately the centre of Lake Huron.
It is clear from these two analyses that the TDS characterization of the Precambrian has a significant influence on the
porewater velocities in the Cambrian Formation, both horizontally and vertically. An invariant TDS distribution, as used
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for the cross-section models, does not account for the hydrodynamic dispersion due to advection and diffusion that
would occur between the Cambrian and Precambrian since deposition of the Cambrian over 500 million years ago. For
horizontal porewater velocities on the order of 0.1 m/a, the majority of this velocity is due to the assumption of an
invariant fluid density gradient. The alternate TDS case, where the total velocity magnitude in the Cambrian beneath the
centre of Lake Huron is on the order of 10−5 m/a, is more representative of the physics of the groundwater system, as it
accounts for the vertical dispersion of TDS, which results in a smoother change in pore fluid density between the
Cambrian and Precambrian.
It is unknown what the actual nature of the TDS distribution would be in the vicinity of the Cambrian-Precambrian
interface at a depth of approximately 1800 m beneath Lake Huron. Scenarios fc-base-litds and fc-hanor-litds represent
bounding cases for characterizing the TDS in the Precambrian based on data from exposed portions of the Canadian
Shield, and from assuming equilibrium in TDS between the sedimentary and crystalline rock portions of the Michigan
Basin, respectively. It is highly likely that a strong TDS gradient, and corresponding pore fluid density gradient, does not
exist between the Cambrian and the adjacent Precambrian. The pore fluid velocities for the Cambrian in this case would
tend toward 10−5 m/a, and are, thus, considered negligible.
References:
Hanor, J.S. 1979. Geochemistry of Hydrothermal Ore Deposits. John Wiley & Sons, New York, USA.
Sykes, J.F, S.D. Normani, and Y. Yin. 2011. Hydrogeologic Modelling. Report for the Nuclear Waste Management
Organization report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-442

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Explain why pore waters (leachate) have not been distinguished from groundwater in plots showing TDS versus depth
for DGR boreholes (e.g., Geosynthesis TSD, Figure.4.6).
Provide a plot of TDS versus depth for DGR boreholes in which pore water (leachate) is distinguished from groundwater.
Context:
Formational pore waters play a role in the stability of shaft seals and waste containers.
Formational pore water compositions in low-permeability stratigraphic units were obtained using leaching/extraction
techniques. Such determinations are subject to a number of uncertainties. Accordingly, in the Geosynthesis TSD
Section.4.4 it is stated that "the data are more properly considered leachate concentrations." In aquifers, groundwater
was sampled directly.
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OPG Response:
The Total Dissolved Solids (TDS) versus depth profiles presented in the Preliminary Safety Report (OPG 2011,
Figure 4-34) and Geosynthesis (NWMO 2011, Figure 4.6) include both the porewater and groundwater values, though
they are not differentiated. Figure 4.54 of the Descriptive Geosphere Site Model (INTERA 2011) does show the TDS
versus depth profile with porewater distinguished from groundwater in the individual boreholes, as shown below in
Figure 1.

Figure 1: TDS versus Depth, Showing Porewater and Groundwater Values (INTERA 2011; Figure 4.54)
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As can be observed from Figure 1, significant differences between TDS concentrations determined for groundwaters
obtained during opportunistic sampling and porewaters extracted by the crush and leach methods at the University of
Ottawa are not apparent. While potential sources of error may be associated with the laboratory crush and leach
techniques (e.g., soluble mineral dissolution), the porewater TDS concentrations determined by laboratory means, given
the low permeability, low porosity and low water-content of the rock core retrieved, are considered the best achievable.
Various other laboratory methods (i.e., advective displacement, centrifugation, squeezing) to extract porewaters from the
DGR cores were tested, with minimal to no success. The NWMO continues to explore other innovative means to reliably
extract and analyze porewaters from low-porosity, low water-content rocks. These methods are not yet sufficiently well
developed for the purpose of full porewater geochemical characterization. Based on testing and the analysis of multiple
replicate samples, both vacuum distillation, and crush and leach, were selected as the most effective laboratory
techniques to allow for the extraction and chemical characterization of porewaters at the Bruce nuclear site.
It should be noted that both the University of Ottawa and the University of Bern (Switzerland) performed crush and leach
experiments on the DGR cores with very similar overall concentration results and trends, which lends confidence to the
values measured for the porewater major ion chemistry. Though the results must always be interpreted with a degree of
caution due to the presence of the soluble secondary minerals anhydrite and gypsum, and high porewater salinities, the
crush and leach method was found to yield consistent porewater chemistries. All porewater analyses were assessed for
potential analytical artifacts arising from mineral dissolution.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS 09-443

 Section 2.2,
Public
Participation
 Section 2.5,
Precautionary
Approach

Information Request:
Provide additional information relating to OPG’s consultation with representatives from the United States including, but
not limited to, Michigan elected representatives and their staff; members of the Michigan environment and geological
agencies; and, representatives from Michigan environmental groups.
Context:
As an example, the EIS identifies Michigan elected representatives and their staff; the staff of Michigan environment and
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geology agencies; and representatives of Michigan environment groups as part of the target audience to provide
information and access to information on the DGR (EIS page.2-3).
OPG Response:
In September 2009 a team comprised of OPG and NWMO representatives, including subject experts in the areas of
OPG operations, environmental assessment, geoscience and engagement, travelled to Ann Arbor and Lansing,
Michigan to provide Michigan stakeholders with an opportunity to engage in two-way dialogue about the DGR Project.
The briefings were in response to Michigan individuals and NGO groups who had identified their interest in the DGR
Project during the scoping hearing in 2006 and the comment period for the draft guidelines and joint panel review
agreement in 2008. In February 2011, a second series of briefings was provided to Michigan stakeholders in Lansing to
relay information about OPG’s pending regulatory filing of the Environmental Impact Statement (EIS) and Preliminary
Safety Report (PSR) for the DGR Project. Participants expressed strong appreciation for the proactive nature of the
outreach for the DGR Project. The majority of participants in the briefings were without any prior knowledge of the DGR
or only slightly familiar with the project.
2009 briefings were conducted with:









District Administrator for John D. Dingell, Member of Congress 15th District, Michigan;
Regional Manager for United States Senator Debbie Stabenow/Community Affairs Specialist and Regional
Representative for United States Senator Carl Levin:
Three staff members for Candice Miller, 10th District, Michigan;
Chairman of the Macomb County Board of Commissioners (District 19);
Michigan Department of Environmental Quality (Deputy Director of Environmental Protection, Division Chief of
the Office of Geological Survey, Operations Section Environmental Manager of Office of Geological Survey,
Senior Advisor– Waste Division Chief, Environmental Policy Advisor for Governor Granholm, and the Great
Lakes Program Coordinator for U.S. Geological Survey;
National Wildlife Federation; and
President and Energy Program Director of Michigan Environmental Council/Resource Policy Specialist from
Michigan United Conservation Clubs.

The briefings consisted of a 20-minute presentation, which covered OPG/NWMO DGR Project roles and accountabilities,
interim nuclear waste management at OPG’s Western Waste Management Facility (WWMF), background information
about OPG’s proposed DGR Project, Canada’s regulatory process/DGR’s progress in regulatory approvals process,
DGR safety case/ geoscience investigations and engagement activities. All of the participants were left with copies of
the presentations as well as information packages which provided contact information. Participants’ names were also
placed on the DGR mailing list in order to receive future notifications and communication materials. Specific comments
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from the groups are noted below.
Representatives of the National Wildlife Federation (represents over 100 environmental groups in Michigan) asked a
number of questions including, why did Kincardine choose to initiate discussions to move from the interim to long-term
management of the waste, is the DGR supported by the local community, how do you know you have community
support, why is the DGR being proposed for sedimentary rock instead of granite and what are the plans for Canada’s
used nuclear fuel. The Director of the Great Lakes Regional Centre for the National Wildlife Federation said “the DGR
wasn’t on their radar or their members’ radar” at the present time, but he expected it would become a high profile issue in
the future. He also stressed the briefing was for information purposes only, and the National Wildlife Federation wasn’t
making any formal comment about the project at this point in time.
Much of the discussion with the Michigan Department of Environmental Quality meeting focused on the geology beneath
the Bruce nuclear site and the ongoing geoscientific site-specific investigations. Specific questions included: Where is
the sandstone layer, What are the pressures in the Cobourg Formation, Will there be any leakage into the DGR from
underneath, What are your plans for brine migration, What about oil and gas, Are there any faults, Why don’t you go
deeper into the granite, What is the hydraulic conductivity at the repository level and Why are you so close to Lake
Huron. Questions were also asked about Canada’s long-term plans for used nuclear fuel. Members were very
appreciative of the briefing, which they described as “a goodwill gesture to keep a neighbor informed.”
The staff representative for Member of Congress John Dingell expressed appreciation for the briefing. He outlined his
three takeaways from the briefing to be forwarded to the Congressman: the proposed DGR has community support;
OPG has a history of safe nuclear management at the WWMF; and the geology at the Bruce site is ideally suited for
isolating and containing the low and intermediate level waste.
In a joint briefing, staff representatives, on behalf of Senators Debbie Stabenow and Carl Levin, asked a number of
questions about the Canadian environmental assessment process, the safety case for the DGR Project and Canada’s
long-term plans for used nuclear fuel. They noted the project wasn’t a current top-of-mind issue, but the Regional
Manager for Senator Stabenow was aware the DGR Project had some profile in the Macomb County area. She was
going to follow-up with OPG/NWMO if a future briefing was required for Senator Stabenow’s representative in Macomb
County.
A joint briefing took place with representatives of the Michigan Environmental Council and the Michigan United
Conservation Clubs. Members asked several questions about the proximity of the DGR to Lake Huron and the ability of
the DGR to protect the Great Lakes, the differences between the waste streams and Canada’s long-term plans for used
nuclear fuel. The consensus was the DGR Project was not an issue at present, but would probably gain additional
profile towards the end of the regulatory approvals process.
A teleconference briefing took place with the Chairman of the Macomb County Board of Commissioners (the Board
passed a resolution in 2008 opposing the development of any nuclear waste management facilities in the Great Lakes
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Basin). The Chairman asked about the level of support for the project in Kincardine – there weren’t any other questions
or comments.
A teleconference briefing also took place with staff for Congresswoman Candice Miller whose includes Macomb County
and St. Clair County. The DGR Project has profile in this area, and staff members were aware of the project. They
asked several questions about the location of the proposed DGR Project, the transportation of waste, attributes of the
geology at the Bruce nuclear site, including seismicity and how OPG/NWMO were addressing concerns raised by
opponents to the DGR Project. Staff said they fully expected the DGR Project would gain a much higher profile in
District 10 closer to the public hearing.
2011 briefings were conducted with:







Chief of Staff for Michigan Governor Rick Snyder;
Michigan Department of Environmental Quality (Group Executive for Quality of Life and Director, Director of
Policy and Legislative Affairs, Deputy Director, Environmental Protection);
Michigan Senator Tom Casperson – Chair of the Senate Committee on Natural Resources and Environment and
Great Lakes/Michigan House of Representative Frank Foster, Chair of the House Committee on Natural
Resources, Tourism and Outdoor Recreation
Executive Director and Resource Policy Manager of Michigan United Conservation Clubs;
Speaker of the House Jase Boger; and
State Representative Ken Horn – Chair, House Committee on Energy and Technology

The briefings consisted of a 20-minute presentation which covered OPG/NWMO DGR Project roles and accountabilities,
interim nuclear waste management at the WWMF, background information about OPG’s proposed DGR Project,
Canada’s regulatory process/progress of DGR in regulatory approvals process, results of work programs in support of
the Environmental Impact Statement and engagement activities. Specific comments from stakeholders are listed below.
Governor Snyder’s chief of staff expressed appreciation for the briefing. He asked a number of questions about the
different waste streams and the specific attributes of the geology and their relation to the safety case for the DGR. He
noted his support for nuclear power and his belief in the need to have a long-term plan in place for the waste.
Senator Casperson and Representative Frank Foster did not have any issues with the DGR Project, nor did they have
many questions about the process. Senator Casperson was interested in the Municipality of Kincardine’s role in the
process and the expression of local support for the DGR Project. He asked several questions about Canada’s regulatory
approvals process.
Staff members from the Michigan United Conservation Clubs briefing, one of whom participated in the 2009 briefing,
expressed support for the DGR Project, noting support for nuclear power is part of their policy statement. Questions
included, have you found any organisms in the pore water you have extracted (as part of the site characterization work),
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how long will it take the DGR to fill with emplaced waste and will you take waste from other sources.
The briefings House Speaker Jase Bolger and State Representative Ken Horn – Chair, House Committee on Energy and
Technology were well received; neither expressed any concerns or issues with the DGR Project.
Of the three staff members in attendance at the Michigan Department of Environmental Quality briefing, only the Director
of Environmental Protection had also participated in the 2009 briefing. The Director noted he had forwarded the 2009
DGR information package to the department’s health physicist who did not express any concerns with the proposed
project. A number of questions focused on public support and engagement activities. Questions included: What is the
base of your strong public support, Why are people so supportive of this project, What is participant funding and how
does it work. Discussion also took place around the international use of deep geologic disposal as international best
practice.
With respect to both sets of briefings, key observations were:






EIS 09-444

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Very few participants expressed any concerns or issues with the DGR Project;
Only a few of the stakeholders briefed, during 2009 and 2011, had any prior knowledge of the DGR Project;
The DGR Project wasn’t a top-of-mind issue with those who had previous knowledge of the project;
The majority of stakeholders believe the DGR Project has the potential to gain a much higher profile closer to the
end of the regulatory approvals process; and
More briefings or follow-up work may be required, particularly in the Macomb County area.

Information Request:
Explain the choice of 300 Ma for the simulation of profiles of the natural tracers O18 and Cl. Indicate which interval in the
geologic time scale would be covered by this interval.
Depending on the chosen geologic time period for diffusive transport, explain how present physical properties are
relevant in modelling the process.
Evaluate the possibility of advective solute transport prior and during deposition of post-Devonian sediments.
Evaluate the time period needed to explain observed tracer profiles if diffusive transport is assumed to have initiated in
the Devonian (taking into account evolution of pore volumes).
Context:
The future behaviour of the geosphere barrier cannot necessarily be predicted based on its history.
For the modelling, initial salinity values for the two boundary conditions are assumed to have been evaporated sea water
brine (Silurian and Devonian) and normal marine sea water (Ordovician). Since the gradient between these boundary
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conditions would have been established by the Devonian, diffusive transport could have been activated at that time.
A time period of 300 Ma was chosen to simulate profiles of the natural tracers O18 and Cl. No geologic time interval
during which the diffusive transport occurred seems to be provided. Over a 300 Ma period members of a sedimentary
sequence may be expected to undergo significant changes in physical properties (hydraulic conductivity, diffusion
coefficients etc.) due to compaction, pore fluid expulsion, cementation, etc.
In the Devonian the expected porosity and diffusivity values of the underlying stratigraphic sequence could have varied
considerably from present values. Units had not yet been compacted by additional younger strata (estimated 1.5 km
thickness) and diagenetic pore closure may have been less advanced.
OPG Response:
The conceptual model for the geochemical evolution of the Bruce nuclear site has evolved since publication of the
Preliminary Safety Report (PSR) (OPG 2011) and Geosynthesis (NWMO 2011). The comments provided in the Context
of this Information Request (IR) have been considered extensively, as a number of similar questions arose in the
development and refinement of the geochemical conceptual model. The goal of the 1D geochemical modelling was to
test the plausibility of the diffusion-dominated transport hypothesis, using site-specific parameters (i.e., effective diffusion
coefficients), and to estimate or bracket the timeframes under which the natural tracer profiles for the conservative
tracers (particularly 18O and Cl) could develop. The modelling work was intended to test the hypotheses with respect to
solute transport that were developed as a result of regional observations and both in-situ and laboratory data collected at
the Bruce nuclear site (i.e., that solute transport is diffusion-dominated and that solute residence times are long in the
Ordovician formations). The justification of the modelling parameters, as well as the updated conceptualization, all of
which address the key comments and questions posed in this IR, are described below.
The 300 Ma time period for the diffusion simulations presented in the Geosynthesis (NWMO 2011) was based on the
best-fit, using parameter estimation, between simulated and measured natural tracer profiles for the Bruce nuclear site.
The 300 Ma duration was suggested to represent a time period just prior to the Pleistocene (i.e., ~302 to 2 Ma BP),
though this may not have been as evident as intended in the Geosynthesis (NWMO 2011, Section 4.5). It is recognized
that the physical and mineralogical properties of the rocks will have changed since deposition of the sedimentary
succession, so the figure of 300 Ma is not suggested to be an exact determination of diffusion time, but rather was
determined to be the best-fit to the measured natural tracer data at the Bruce nuclear site, suggesting that the profiles
are best represented in the 1D simulations by the process of diffusion occurring over several hundred Ma.
Further work was undertaken to refine the understanding of solute migration history based on the natural tracer data in a
manner consistent with the points raised by the Joint Review Panel in this IR. In this respect, as described below, the
geochemical conceptual model has evolved somewhat since 2011, and the changes relate directly to this IR and to
IR-EIS-09-435 in the context of geochemical evolution and solute transport.
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It is not possible to definitively state the properties of the precursors to the Ordovician shales as they would have existed
in the Silurian when hypersaline brines were generated by seawater evaporation; however, it is likely that the porosity,
effective diffusion coefficients, and hydraulic conductivities of the shales were higher than those measured at present
day because of a lesser degree of consolidation. Consequently, conditions would have been more conducive to
transport of solutes downward from the Silurian brines by diffusion, with a possible advective component.
A compilation of halite occurrences noted in the drill core logs (OPG 2011, Figure 4-15; NWMO 2011, Figure 2.33;
INTERA 2011, Figure 3.9) shows that halite is common throughout the Ordovician shales and the Cobourg Formation.
Evaporative conditions did not prevail until the Silurian, and although it is possible to transport halite-saturated porewater
downward into the shales from the Silurian hypersaline brines, super-saturation and precipitation of halite requires an insitu mechanism for either increasing the activity of Na or Cl, or for the removal of water. After reviewing possible
mechanisms (e.g., ion exchange, thermal gradients, porewater mixing), the common occurrence of halite in the
Ordovician shales and the Cobourg Formation is postulated to be due to dewatering and ion filtration during burial and
consolidation. It is implicit in the conceptualization that solutes from the hypersaline Silurian brines had been transported
downward into the Ordovician shales and the Cobourg Formation prior to peak consolidation. Attainment of peak burial
is estimated to have taken place within the Late Paleozoic (i.e., Permo-Carboniferous; see Coniglio and Williams-Jones
1992), by which time precipitation of halite in the Ordovician shales and the Cobourg Formation, and associated partial
occlusion of the pore space by salt, is presumed to have occurred. Consolidation and halite precipitation would lead to a
18
decrease in effective diffusion coefficients, slowing the diffusive flux of O, Cl, Br, Sr, He, CH4 and CO2 in the Ordovician
formations.
The initial conceptual model defined in the Geosynthesis involved diffusive transport of solutes downward from the
Silurian hypersaline brines, through the Ordovician shales and into the Trenton and Black-River group carbonates. This
was translated into the numerical model, and accordingly, the upper boundary condition for salinity (Cl) was set at the top
of the Ordovician. The halite distribution in the DGR drill cores (NWMO 2011, Figure 2.33), and the interpretation of
halite precipitation due to consolidation, as described above, suggested that the constant concentration boundary
condition for Cl should be located at the base of the Cobourg Formation (Cl=5800 mmol/kgw; equilibrium with respect to
halite) instead of at the top of the Ordovician shale sequence. This boundary condition is assumed to have been
established at a time coinciding with peak burial and maximum consolidation.
In addition to the change in the upper boundary condition, revisions to the conceptual model act to constrain the time
available for diffusion in the model. As described above, the time scale (~300 Ma) for the geochemical conceptual model
was estimated based on the best-fit between the porewater tracer data and simulated profiles. The revised conceptual
model requires that diffusive mixing occurred between the upper salinity boundary in the Cobourg Formation and the
lower boundary in the shield over the time since peak burial (~300-250 Ma). An estimated minimum age of 260 Ma has
been obtained for porewater in the Ordovician shales from helium in-growth calculations (Clark et al. 2013 submitted to
Geology), thereby providing independent support for the time constraint of 300 Ma in the model.
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Following the revised conceptual model, the initial simulations using the laboratory-measured De values are presented in
Figure 1. The Cl concentration is fully constrained in the Ordovician shales and above by the presence of halite, but the
poor fit between the simulations and the porewater data in the Trenton and Black River groups suggests that the
laboratory-measured diffusion coefficients in that stratigraphic interval are too large. There are several lines of evidence
to suggest that the laboratory measurements may overestimate the formation-scale De values. First, INTERA (2011,
Section 3.7.4.2) demonstrate that non-aqueous fluids (gas and liquid petroleum) occur intermittently at discrete depth
intervals in the Ordovician carbonate units. The effect of these fluids on De cannot be accounted for in the laboratory
measurements, but they would be expected to lower De at the formation scale. Second, the laboratory De measurements
were conducted at ambient laboratory pressure and do not reflect the effect of lithostatic confining pressure.
Researchers at the University of New Brunswick (Xiang et al. 2012) conducted laboratory measurements of De under
confining pressures equal to lithostatic loads and report pressure-related decreases in De between 20 and 40%. The
simulated 18O profile also does not match the porewater data, with an underestimation of 18O in the Ordovician shales
and an overestimation in the Trenton and Black River groups (Figure 1).
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Figure 1: Comparison of the measured porewater and groundwater data (symbols) with model simulations
of tracer profiles (blue lines). The laboratory-measured De values were used in the simulations.
The dashed red lines represent the initial tracer concentration at 300 Ma BP. Transport boundary
conditions are shown at the side. Square data points represent porewater analyses and circles
represent groundwater. The depth axis is extended deep into the shield to illustrate the position
of all boundary conditions.
A base-case simulation for Cl was obtained using PEST to estimate values for De in the Trenton and Black River groups
that provide the best-fit to the porewater data (Figure 2). In order to obtain the fit, the De values were decreased by a
factor ranging from five in the Black River Group to ten in the Cobourg Formation. Using a similar approach to define the
base case simulations for 18O diffusion, the best-fit (Figure 2) was obtained by decreasing De in the Trenton and Black
River groups by a factor ranging from one to three. The base-case De values for Cl are lower than for 18O by a factor
between three and five, which is attributed to anion exclusion. The adjustments to De that are required to obtain the
base-case profiles are considered minor given the extremely long time scale and the corresponding uncertainties
regarding the boundary and initial conditions, the diffusion time period, and the effects of spatial scale on De values.
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Figure 2: Comparison of the measured porewater and groundwater data (symbols) with base-case model
simulations of Cl (right) and 18O (left) tracer profiles. The dashed red lines represent the initial
tracer concentration at 300 Ma BP. Square data points represent porewater analyses and circles
represent groundwater.
Though the geochemical conceptual model has evolved and improved, it is important to note that the key conclusions
from the site geochemical data, including interpretations of solute transport, are unchanged – i.e., solute transport within
the Ordovician formations, as indicated by in-situ measurements of hydraulic conductivity and laboratory estimates of
effective diffusion coefficients, is diffusion-dominated, and solute residence times within the Ordovician formations are on
the order of hundreds of millions of years.
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References:
Clark, I.D., T. Al, M. Jensen, L. Kennell, M. Mazurek, R. Mohapatra and K.G. Raven. 2013. Paleozoic-age brine and
authigenic helium preserved in an Ordovician shale aquiclude. (Submitted to Geology).
Coniglio M. and A.E. William-Jones. 1992. Diagenesis of Ordovician carbonates from the north-east Michigan Basin,
Manitoulin Island area, Ontario: Evidence from petrography, stable isotopes and fluid inclusions. Sedimentology 39,
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INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Xiang, Y. and T. Al. 2012. Effect of confining pressure on diffusion coefficients in low-permeability Ordovician
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Ontario, Canada. (available at http://www.xcdtech.com/iah2012/iah2012/abstracts/Abs1086.pdf)
EIS 09-445

 Section 13.4,
Confidence in
Mathematical
Models

Information Request:
Quantify the goodness-of-fit of the numerical model solutions to observed data in PSR Figures 4-48, 4-49, Figures 4-72
to 4-76.
Context:
The agreement between measured and calculated values is used to calibrate and verify models. The degree of this
agreement assists in the evaluation of the reliability of the model predictions.
When numerical model solutions are compared to observed data, the goodness-of-fit should be presented in
mathematical terms rather than subjective visual descriptions.
OPG Response:
The figures from the Preliminary Safety Report (PSR) (OPG 2011) cited in the Information Request relate to two
numerical modelling activities: i) the site-specific natural analogue assessment of environmental tracer migration
(numerical model: MIN3P); and ii) illustrative simulations to assess the hypothesis that observed Ordovician formation
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under-pressures are related to the presence of an immiscible gas phase (numerical model: TOUGH2-MP). With respect
to the former, a more detailed discussion of the modelling approach is provided in the Geosynthesis (NWMO 2011,
Section 4.5). With respect to the latter, the hypothesis testing approach for application of numerical methods is
described in Sykes et al. (2011, Section 6.3.3). In both cases the intent of the numerical analyses was to provide
another more quantitative means to test and reveal the sensibility of interpreted groundwater system behaviour and
evolution. A discussion of the goodness-of-fit, the role of conceptual model uncertainty and adequacy of modelling
results in contributing to the assessment of environmental tracer migration (i.e., PSR Figures 4-48 and 4-49) is provided
in the Geosynthesis (NWMO 2011, Section 4.5.2.3 and 4.5.2.4). In this numerical approach a least squares approach is
used within a parameter estimation (PEST) code to obtain the diffusion time that provides the best fit to the tracer data
profiles as described by OPG (2012, Section 2.4.4). A quantitative measure of goodness of fit for various TOUGH2-MP
simulations (PSR Figures 4-72 to 4-76) that estimates both the root mean square error (RMSE) and normalized root
mean square error (NRMSE) is provided in Table 1 below. In this regard, Figure 4-75 provides the best fit to the
observed formations heads.
Table 1: Root Mean Square Error (RMSE) and Normalized Root Mean Square Error
(NRMSE) for TOUGH2-MP Figures Illustrated in Preliminary Safety Report
PSR Figure

RMSE [m]

NRMSE

4-72

193.9

0.429

4-73

79.9

0.177

4-74

198.6

0.439

4-75

69.4

0.153

4-76

106.4

0.235

Further discussion of the modelling approaches and results in terms of uncertainties and confidence as related to model
adequacy and application was presented during the 2nd Technical Information Session (TIS) on October 11, 2012.
Discussion surrounding the usage and reliability of the numerical models MIN3P and TOUPH2-MP in the aforementioned
modelling activities is provided in Sections 2.3 and 2.4 of OPG’s written submission for the 2nd TIS (OPG 2012).
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the October 11, 2012 JRP Technical Information Session #2”, CD# 00216-CORR-0053100142, October 3, 2012. (CEAA Registry Doc# 758)
Sykes, J.F, S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization report
NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS 09-446

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Provide information on simulation methods used for the probabilistic calculations undertaken to determine the sensitivity
of parameter variability on the concentrations of leading radionuclides in well water.
Provide the results for C-14 and Zr-93.
The simulations were run on the NE-RC reference case. State whether such simulations were run on any other cases. If
not, explain.
Context:
FRAC3DVS-OPG, a deterministic numerical model, has been used to simulate and evaluate groundwater flow and
transport in the deep and intermediate groundwater zones. Most of the input parameters are associated with significant
uncertainties arising from their measurement and their variability within both the site and regional domains. A
deterministic model does not provide information on prediction uncertainty. Observations of the predicted variables may
be unavailable and measurement-based accuracy assessment is not possible for the time spans involved.
Probabilistic calculations that include uncertainties and ranges of values for calculated well water concentrations for
Cl-36 and I-129 are addressed in PSR Section 8.8.4. Such analyses were also run for C-14 and Zr-93. No information is
provided as to the simulation methods used (stochastic, Monte Carlo, etc.)
OPG Response:
Details of the probabilistic sensitivity calculations are provided in QUINTESSA (2011), Section 4.4.6 and Section 6.17.
The purpose of the probabilistic analysis was to investigate the sensitivity of consequences to radionuclide release and
transport parameters for the Normal Evolution Scenario’s Reference Case, and not to test compliance against a risk
criterion nor to undertake a detailed uncertainty analysis. The effect of uncertainties was also addressed through the
assessment of a range of scenarios, models and data; and the adoption of conservative scenarios, models and data see OPG (2011) Section 8.8.
Probabilistic calculations were performed with the AMBER DGR model. Seven key parameters were varied using Monte
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Carlo (fully random) sampling for the Reference Case of the Normal Evolution Scenario - radionuclide inventories,
corrosion rates and waste thicknesses for metallic wastes, gas-water partition coefficients, sorption coefficients, and
effective diffusion coefficients for the geosphere and the shaft materials. Repository saturation, gas and groundwater
flows were not sampled because they were drawn directly from deterministic T2GGM and FRAC3DVS-OPG models.
(The relevant saturation and flow parameter sensitivities were addressed through the range of scenarios, models and
data, including conservative assumptions.) The parameter distributions are described in the Postclosure Safety
Assessment Data report (QUINTESSA and GEOFIRMA 2011). The probabilistic calculations were undertaken for the
main radionuclides with respect to estimated dose impacts (C-14, Cl-36, Zr-93 and I-129), with 500 samples.
The effect of varying the sampled parameters on the maximum calculated concentration in well water were considered,
as this is a key factor in determining calculated dose rates in the biosphere. The results are reproduced in Table 1,
including results for C-14 and Zr-93. The results show that even with a range of parameters sampled, the maximum
calculated concentrations remain extremely small.
Table 1: Maximum Calculated Well Water Concentrations from Probabilistic Sensitivity Calculations (NE-PC)
Based on the Reference Case (Table 6.2 of QUINTESSA 2011)
Maximum Concentration (Bq/m3)

Radionuclide

5th Percentile

50th Percentile

95th Percentile

C-14

1.2 × 10-24

1.8 × 10-21

1.2 × 10-19

Cl-36

3.0 × 10-12

1.4 × 10-10

2.4 × 10-9

Zr-93

2.1 × 10-28

7.0 × 10-20

2.0 × 10-11

I-129

1.2 × 10-11

5.8 × 10-11

2.9 × 10-10

Although C-14 and Zr-93 are most sensitive to the parameters varied in the case, C-14 released from the DGR
substantially decays before it reaches the groundwater well, while Zr-93 is retarded through sorption onto shaft seal
materials. Within the varied parameters, they were found to be unimportant radionuclides because of their low
concentrations. Cl-36 and I-129 are the main radionuclides that reach the groundwater well and also contribute most to
the (small) calculated doses.
Analysis of correlation coefficients between the sampled parameters and the peak calculated concentration in the
groundwater well (reproduced in Table 2) indicate that, out of the parameters sampled, C-14 and Cl-36 are most
sensitive to their effective diffusion coefficient in bentonite-sand in the shaft seal, I-129 is most sensitive to its initial
inventory, Zr-93 is most sensitive to its sorption coefficient notably in bentonite-sand in the shaft seal.
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Table 2: Rank Correlation Coefficients for Varied Parameters against the Maximum Concentration in Well Water
(after Table 6.3 of QUINTESSA 2011)
Parameter

Well Concentration
C-14

Cl-36

Zr-93

I-129

Radionuclide inventory

0.32

0.48

0.17

0.96

Corrosion rate of steel

-0.05

-0.06

0.01

0.04

Corrosion rate of Zircaloy

-0.01

0.30

0.05

0.01

Thickness of core component metals

0.01

0.01

0.00

-0.02

Thickness of retube metal

0.02

-0.10

0.05

0.02

Sorption coefficient in shaft and
geosphere

-0.07

-0.05

-0.98

-0.09

Effective diffusivity in asphalt

0.17

0.09

0.15

0.03

Effective diffusivity in bentonite/sand

0.91

0.73

0.08

0.29

Effective diffusivity in low-heat
concrete (LHHPC)

0.10

0.09

0.06

0.00

Effective diffusivity in ordinary
concrete

-0.14

-0.17

-0.03

-0.05

Effective diffusivity in rock

-0.05

0.00

-0.03

0.04

Gas/water partition for I

-

-

-

-0.02

Gas/water partition for Cl

-

0.31

-

-

The probabilistic analysis was applied to the Normal Evolution Scenario as this is the likely evolution of the repository.
The analysis helps ensure that the conclusions for this key scenario are robust to uncertainties in radionuclide release
and transport parameters. In particular, the probabilistic analysis tests parameter combinations beyond those covered
by the ~20 deterministic variant cases analyzed for this scenario. The results of the probabilistic analysis indicated that
the conclusions for the likely scenario were not sensitive to these parameter uncertainties.
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The probabilistic analysis also provides a verification test of the computer model, in that it provides a check that the
models are working sensibly for a range of parameters. This test is also of relevance to the disruptive scenario analyses
which use the same core computer model.
Uncertainties associated with less likely disruptive scenarios were investigated using a range of deterministic variant
cases.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA. 2011. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. Quintessa Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS 09-447

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Develop a modified version of the FRAC3DVS-OPG regional groundwater flow and solute transport model, and its
embedded site-scale sub-model, incorporating the following features:


Refined vertical discretization of hydrostratigraphic units 4A (Salina A1 Upper Carbonate) and 4B (Guelph Fm.) to
ensure explicit representation of their thicknesses and hydraulic properties as reported in the Descriptive Geosphere
Site Model (DGSM) report;



Revised hydraulic parameters for the Shadow Lake Fm. In order to reflect a continuous basal permeable unit across
the model domain;



Revised boundary conditions to ensure that observed hydraulic gradients and porewater velocities, both up-dip
(Guelph, Cambrian) and down-dip (Salina A1 Upper Carbonate), are reproduced at the site; and



Use of the modified regional groundwater flow and solute transport model to investigate performance metrics for
scenarios involving long-distance up-dip migration of radionuclides in the Guelph and basal clastic unit, and report
results. Use the modified embedded site-scale groundwater flow and solute transport sub-model to investigate tracer
migration for scenarios including that of hypothetical discrete fracture zones hydraulically connected to the
Cambrian/Shadow Lake Formations, and report results.
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Context:
The Salina A1 Upper Carbonate unit and the Guelph, Cambrian/Shadow Lake Formations are thin, permeable layers
that represent potential preferential pathways for relatively rapid horizontal advective radionuclide transport away from
the repository site. In order to investigate the fate of radionuclides migrating laterally beyond the boundaries of the DGR,
and various near-field scenarios, the regional and embedded groundwater flow and transport models must faithfully
represent hydrogeological observations from these units.
OPG Response:
This Information Request (IR) is virtually identical to that in EIS-08-396. OPG responses to IRs EIS-08-396 and
EIS-08-397 (OPG 2013) provide a reasoned basis to understand how Geosynthesis and Safety Assessment numerical
analyses were performed to provide a joint assessment with respect to: i) groundwater system performance measures; ii)
preferential contaminant pathways and contaminant lateral mobility; and iii) the influence of undetected transmissive
discrete fracture zones connected to the over-pressured Cambrian non-potable aquifer. The results of these analyses
contribute to the DGR safety case and understanding that under normal evolutionary conditions dose consequence
resulting from DGR implementation are approximately 100,000 times less than the regulatory criterion (i.e., 0.3 mSv/a).
Reference:
OPG. 2013. OPG Letter, W. Robbins to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00171, March 15, 2013. (CEAA Registry Doc# 915)
EIS 09-448

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Incorporate the Cambrian unit in the 3DS model and report on Performance Safety Assessment modeling that
investigates near-field radionuclide migration in the presence of horizontal hydraulic gradients (in order to assess lateral
advective radionuclide transport), as was done for the Salina A1 Carbonate and Guelph units in the NE-HG calculation
case, and provide the results.
Context:
NRCan considers information request EIS-04-129 to be unresolved. The arguments advanced by the proponent for not
including the Cambrian unit within the 3D Simplified (3DS) groundwater flow and solute transport model are not
compelling.
a) While Cambrian groundwater is saline and non-potable, groundwater in the Guelph Formation is even more
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so (Descriptive Geosphere Site Model Report, Table 4.17 yet this unit was included in the 3DS model;
b) While the Cambrian per se may pinch out east of the Bruce site, it is likely that a thin permeable basal clastic
unit persists eastward over the Algonquin Arch (see IR EIS-04-126); and
c) While the nearest Cambrian outcrop may be more than 100 km from the Bruce site, advective transport
velocities in the Cambrian are quite high.
Without the supporting analyses requested in IR EIS-04-129, the proponent’s claim that lateral advective transport in the
Cambrian would lead to lower predicted dose consequences is conjecture. It is a matter of due diligence for the
proponent to investigate a scenario corresponding to hydrogeological conditions actually observed at the site.
OPG Response:
This Information Request is the same with EIS-08-397 and is addressed in that response (OPG 2013).
Reference:
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste –Submission of Responses to the Final Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00171, March 15, 2013. (CEAA Registry Doc# 915)

EIS 09-449

 Section 10.1.8,
Noise

Information Request:
Explain whether MP3 recordings were made of the continuous noise monitoring at points of reception R1,R2 and R3 for
the purposes of isolation analysis; e.g., to distinguish local ambient noise from industrial noise.
Context:
The EIS states on page 6-178 that continuous noise monitoring was carried out at R1 and R2 between May 4 and 11,
2007 with acoustical parameters logged every hour over 182 hours and that continuous monitoring at R3 was completed
between May 8 and 22, 2007.
EIS Tables 6.8.4-1 and 6.8.4-2 (page 6-180) present summaries of noise levels at R1, R2 and R3 but there is no
interpretation of the reported noise levels with respect to ambient versus industrial noise.
OPG Response:
Digital audio recordings were not carried out at any of the monitoring locations. Based on attended measurements at
various locations around the Bruce nuclear site during quiet time periods (i.e., nighttime), noise emissions from the Bruce
nuclear site were slightly audible at R2 and R3 as identified in Section 5.5.2.1 of the Atmospheric Environment Technical
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Support Document (TSD) (GOLDER 2011). Noise from the Bruce nuclear site was not audible at R1 during daytime or
nighttime hours. In addition, the Atmospheric Environment TSD (GOLDER 2011) indicates that the L90 (the sound level
exceeded 90% of the time) is likely more representative of the contribution of the Bruce nuclear site at all three receptor
locations.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS 09-450

 Section 10.1.8,
Noise

Information Request:
Clarify whether the reported noise levels in Tables 6.8.4-1 and 6.8.4-2 of the EIS (page 6-180) include noise from
existing nuclear facilities at the Bruce Nuclear site. Discuss the potential for the DGR to contribute to the phenomenon of
“creeping ambient” noise and when that contribution to “creeping ambient” might become unacceptable.
Context:
“Creeping Ambient” is the phenomenon where “baseline” sound levels slowly increase over time, due to industrial
development expansion and transportation infrastructure expansion, also including residential dwelling growth. For
example, what was the “pre-build” baseline 20 years ago will never again be achieved, and what the now-existing
baseline is will not be attainable 20 years from now. “Creeping Ambient” is an ever-increasing cumulative effect.
OPG Response:
Based on the proximity of the monitoring locations to the Bruce nuclear site, it is not possible to measure existing noise
levels without influence from the operations at the Bruce nuclear site. Based on attended measurements at various
locations around the Bruce nuclear site during quiet time periods (i.e., nighttime), noise emissions from the Bruce nuclear
site were slightly audible at R2 and R3 as identified in Section 5.2.2.1 of the Atmospheric Environment Technical Support
Document (TSD) (GOLDER 2011). Noise from the Bruce nuclear site was not audible at R1 during daytime or nighttime
hours. In addition, the Atmospheric Environment TSD (GOLDER 2011) indicated that the L90 (the sound level exceeded
90% of the time) was likely more representative of the contribution of the Bruce nuclear site at all three receptor
locations.
As identified in Tables 8.3.3-6 and 8.3.3-7 of the Atmospheric Environment TSD (GOLDER 2011), the DGR Project will
result in an increase in noise levels to the existing quietest hour during the site preparation and construction and
operations phases of the Project. However an adverse effect (i.e., change in quietest hour > 3 dB) was only identified at
R2 during site preparation and construction phase. Although not explicitly evaluated, similar effects were assumed to
occur during the decommissioning phase. A change in ambient noise levels is only predicted to occur 24% of the time,
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and an adverse effect is only predicted to occur relative to the quietest hour.
The assessment of noise considered for the DGR Project addressed change in noise levels in the future environment
(i.e., during site preparation and construction, operations and decommissioning phases of the project). Therefore, this
has effectively considered the concept of “creeping ambient” with specific reference to the quietest hour. However, the
DGR Project will not result in a noticeable change in ambient noise at any of the receptor locations during daytime hours
when comparing Project noise levels to existing average daytime noise levels. In addition, only a marginal increase (i.e.,
≤ 1 dB) in the average nighttime noise level will result from the Project at all receptor locations. This increase in average
nighttime noise level would not be noticeable.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS 09-451

 Section 10.1.8,
Noise

Information Request:
Explain whether the Larson Davis Model 720 Type 2 sound meter used for continuous ambient sound level
measurement meets current standard of practice in environmental noise monitoring.
Context:
The Type 2 Larson Davis sound meter does not represent “industry standard” because of the high noise floor.
ANSI/ISO/IEC Type 0 sound measurement instrumentation – “laboratory standard” – never goes into the field
ANSI/ISO/IEC Type 1 sound measurement instrumentation – “precision” – standard practice for use by consultants doing
environmental noise monitoring
ANSI/ISO/IEC Type 2 sound measurement instrumentation – “general purpose” – used for non-expert purposes, i.e. a
factory floor supervisor – not standard practice for use in environmental noise monitoring – old regulations considered
them minimum requirement, yet most jurisdictions are now disallowing their use.
OPG Response:
The Larson Davis 720 (LD720) is suitable for use as a noise monitor and is accepted by the Ontario Ministry of the
Environment (MOE) for establishing existing noise levels in urban, suburban or rural environments (e.g., receptor
locations R1 to R3). The LD720 meets the requirements of the MOE publication NPC 102 Instrumentation (MOE 1978)
and provides sufficient detail to characterize the noise environment. Although a Type 1 instrument could be used to
carry out the same monitoring program that was carried out for the DGR Project, it is standard practice to use these
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instruments for the measurement of specific noise sources rather than simply monitoring ambient levels.
In addition, a Type 1 instrument may be used to monitor noise levels in a remote environment where the existing noise
levels are anticipated to be low due to the lack of anthropogenic noise sources and human activity. The monitoring
locations used for the DGR Project are not considered to be remote and there is sufficient human activity in the area that
the existing noise levels are consistent with the MOE definition of a Class 3 environment as summarized in NPC 232
(MOE 1995). Furthermore, the use of a Type 1 instrument would not change the conclusions presented in the
Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011).
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 1978. Instrumentation. Ministry of the Environment Publication NPC-102. (Part of Model Municipal Noise
Control By-Law - Final Report).
MOE. 1995. Sound Level Limits for Stationary Sources in Class 3 Areas (Rural). Ministry of the Environment
Publication NPC-232.

EIS 09-452

 Section 11.4.8
Noise and
Vibration

Information Request:
Confirm that modelling of noise as described in Section 8.3 of the EIS included octave bands for all noise sources.
Context:
Modeling should be done using “octave band data” and the models run using “octave band calculations”. These are the
typical octaves (like a piano). Minimum suggested octave bands are 63 / 125 / 250 / 500 / 1000 / 2000 / 4000 / 8000
Hertz (Hz, cycles per second). Then, the model combines all the frequency-dependent values, and yields a “singlenumber descriptor”, the “A-weighted” sound level, in units of “dBA”.
This is equivalent to or analogous to the frequency response of the human ear.
OPG Response:
As summarized in Table G2.1-1 of Appendix G of the Atmospheric Environment Technical Support Document
(GOLDER 2011), the modelling that was carried out for the DGR Project incorporated octave band data for each noise
source. Predictions were carried out following ISO 9613-2 (ISO 1993) algorithms for octave bands between 31.5 Hz to
8,000 Hz in accordance with accepted practices in the province of Ontario. The overall sound pressure level predicted at
each receptor combined the contribution in each octave band from all the sources and presented the results as A-
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weighted decibels.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
ISO. 1993. International Standard ISO 9613-2: Acoustics - Attenuation of Sound during Propagation Outdoors. Part 2:
General Method of Calculation.

EIS 09-453

 Section 11.4.8,
Noise and
Vibration

Information Request:
Explain whether modelling of noise from intake and exhaust fans incorporated the large variability of noise from such
fans.
Explain mitigation of intake and exhaust fan noise in more detail than is presented in Table 7.8.2-1 of the EIS.
Context:
Fans are often the primary noise source at operating industrial facilities and they operate 24/7. Mine head shaft
ventilating equipment (#1 “forced draft” – FD – pressuring (blowing) air down the intake shaft, and also #2 “induced draft”
– ID – extracting (sucking) air up the exhaust shaft) is provided by “blowers”. A blower consists of a fan, a blower casing,
a motor and some drive belts. Different types of fans exist (e.g. centrifugal, vane-axial), and different flow control designs
exist (e.g. variable inlet guide vanes, inlet dampers), but mostly all fans are tonal.
At this stage of the review, the manufacturer / model / operating condition of the fan and the blower have presumably not
yet been selected by the proponent. Different fans can range +/– 20 decibels in octave bands. Therefore, information is
required regarding the assumption used in the model - “average” noisy fan, a “louder” fan, etc.
It is noted that silencers do not eliminate tone.
OPG Response:
The modelling of the intake and exhaust fans did not include any variability with respect to noise emissions. The model
was based on maximum sound power levels (i.e., sound power equaled 125 dBA for the fresh air raise) in accordance
with Table G2.1-1 in Appendix G of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011).
Data for the fans was based on measured data of fans with similar operating parameters (e.g., flow, pressure and fan
type) at a mine in Northern Ontario. By providing the maximum sound power levels for each fan, manufacturers will be
able to easily identify whether or not a fan can achieve the sound power specification and incorporate additional noise
control into the design of the fan if needed. Based on the results presented in the Atmospheric Environment TSD
(GOLDER 2011, Section 8.3.4) no additional mitigation measures were required for the fans as part of the noise
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assessment for the DGR Project. Mitigation described in the EIS (OPG 2011, Table 7.8.2-1), “Fans maintained in good
working order”, would be achieved through implementation of a preventive and corrective maintenance program,
incorporating the manufacturer’s recommendations.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)

EIS 09-454

 Section 11.4.8,
Noise and
Vibration

Information Request:
Explain the plans for mitigation of intermittent noise to be generated during site preparation and construction.
Clarify and confirm that OPG intends to adhere to municipal noise bylaws regarding restriction of operations.
Context:
An unvarying noise can become background for receptors. An intermittent noise, such as during construction is received
very differently, e.g., disruption of sleep.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 8.3.3) predicts adverse
noise effects during the site preparation and construction phase would occur at receptor R2 (Baie du Doré), located
within the LSA (refer to Figure 1 below). As described in Section 9.2 of the submission for Technical Information Session
(TIS) #3 (OPG 2013), a total of four residences (R2 and three nearby residences) are in an area where project noise
levels would be greater than existing noise levels based on current modelling. The project-related change relative to
baseline noise levels at R1 would be of low magnitude (i.e., perceptible), would occur only 24% of the time, and would
occur primarily during night-time hours. As discussed in OPG’s written submission for the JRP’s TIS #2 (OPG 2012) the
noise predictions were based on conservative assumptions such as not taking credit for any natural screening and using
low wind speeds.
The noise assessment of the DGR Project was completed considering mitigation measures integral to the design. For
example, all equipment will be fitted with appropriate silencers and be maintained in good working order.
Planned actions that will further contribute to reduced noise levels include:
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Near-surface blasting during only daylight hours – The Project will use best practices for blasting and has
already made a commitment to day-time blasting for near surface use. However, this represents a limited
amount of blasting as the first 10 to 15 m of the shafts will be opened mechanically (i.e., without explosives).
The next 15 to 20 m will be developed using explosives only during daytime hours. Once shaft development is
beyond this point, and the headframe is in place, noise effects at off-site receptors due to shaft sinking are not
anticipated.



Noise Screening – Natural vegetation will be retained as much as possible. OPG also plans to plant additional
trees for visual screening of the rock pile and these will also provide additional noise screening. Finally, the
design of the DGR Project includes the use of low material berms at selected areas along the perimeter of the
site. These aspects will collectively assist in reducing off-site noise.

OPG does not anticipate that additional mitigation measures specifically for noise will be necessary; however, in the
event that there is a need, the following options could be considered:


Alternatives to equipment back-up alarms – A concession could be sought from the Ministry of Labour to
substitute flashing lights for audible back-up alarms on equipment, or consideration could be given to broadband
alarms.



Alter waste rock pile configuration – As discussed during the TIS #2 presentation, the waste rock management
pile will be constructed in such a way as to minimize the noise impacts on the closest receptors. Further
modifications, such as the use of acoustical berms, could be included along the perimeter of the pile at each lift if
required.

Noise monitoring is included in the environmental assessment follow-up monitoring program to confirm the predicted
noise levels and to identify the need for implementation of mitigation.
Site preparation, construction and operation of the DGR facility will be compliant with the Municipality of Kincardine noise
By-Law (No. 2008-076).
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Figure 1: Project Noise Levels – Construction (dBA)
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the October 11, 2012 JRP Technical Information Session #2”, CD# 00216-CORR-0053100142, October 3, 2012. (CEAA Registry Doc# 758)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the March 20, 2013 JRP Technical Information Session”, CD# 00216-CORR-0053100173, March 12, 2013. (CEAA Registry Doc# 912)

EIS 09-455

 Section 8.3,
Operation

Information Request:
Provide a description of how the 11 Managers illustrated in Figure 4.14-1 will communicate to ensure that there is
sufficient awareness of issues as they arise, appropriate responses to those issues as per applicable policies and
procedures, documentation of those responses, and follow-up to ensure the effectiveness of the responses.
Provide examples to illustrate the communication system. Include examples from the Health, Safety and Environment
Manager’s area of responsibility.
Context:
From IR EIS 05-212: In Section 8.3 of the EIS Guidelines it is stated that “The proponent is also required to provide, or
reference, the policies, programs and procedures that would be followed for the operation of the facility in order to
provide some assurance that the facility could be operated safely and in accordance with the Nuclear Safety and Control
Act and its regulations following construction.”
The Project Quality Plan is described on page 4-89 of the EIS as a plan that would ensure meeting minimum NWMO
requirements, identification of responsibilities for quality assurance and control, specification of auditing and corrective
actions and maintenance of a register of quality compliance. However, it is not clear how the lines of communication from
the Quality Assurance Manager through to the 10 managers in charge of specific areas will operate. Nor is it clear how
the 10 managers will communicate among each other. The risks associated with non-communication among managers
can be considerable and require identification and management.
The response to the first submission of this IR was not sufficient.
OPG Response:
We assume this Information Request (IR) is related to Figure 4.14.1-1, not 4.14-1, in the Environmental Impact
Statement (EIS) (OPG 2011). Also, the related section in the EIS Guidelines (CEAA and CNSC 2009) for
Figure 4.14.1-1 is Section 8.2, not 8.3.
As provided in OPG’s response to IR-EIS-05-212 (OPG 2012), “The Site Preparation and Construction activities will be
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governed through NWMO’s Design and Construction Phase Management System (NWMO 2011) and supporting plans
and procedures. The project governance is compliant with CSA N286-05 requirements. Further, roles, responsibilities
and communication requirements are established at all levels of governance. There are several guiding documents that
will be in-place for the construction phase that further define activities at the site including the construction management
plan, health and safety management plan and environment management plan. These, in conjunction with the project
quality plan, establish accountability and communication requirements”.
With respect to the role of the project Quality Assurance Manager position shown on Figure 4.14.1-1, this position, in
conjunction with the NWMO corporate Performance Assurance Director position, will ensure that all DGR project-related
quality objectives and requirements are met through providing guidance to project staff and contractors and in
conducting audits and assessment of performance. More specifically, the project Quality Assurance Manager will:







Maintain the Construction Quality Assurance Plan,
Maintain the Field Quality and Inspection Manual,
Communicate the requirements of the Construction Quality Assurance Plan and Field Quality and Inspection
Manual,
Audit the inspection and test process to confirm that acceptance criteria have been established and are being
achieved,
Provide quality oversight of construction activities to ensure requirements of the Construction Quality Assurance
Plan are achieved,
Monitor the work of contractors to ensure that quality assurance and control activities are completed as required.

The project Quality Assurance Manager will be located at site during the Site Preparation and Construction Phase, as
will the majority of the other identified manager positions in Figure 4.14.1-1. The project Quality Assurance Manager will
communicate with the other identified manager positions in the following ways:







Participation at planned project team meetings (i.e. daily, weekly and monthly),
Delivery of project quality assurance and control orientation training,
Interactions and discussions during monitoring of quality of the project work,
Monitoring and tracking preventative and corrective actions,
Discussions during assessments and audits pertaining to quality assurance and control activities,
Reports, email and correspondence pertaining to the quality assurance of the project work.

A high degree of communication will be achieved amongst all the identified manager-level positions by:




Participation at regular project team meetings (i.e. daily, weekly and monthly),
Interactions and discussions occurring during planning, directing and controlling of the project work,
Participation in review meetings to confirm project requirements (e.g. progress, quality, safety, and environment)
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are being achieved,
Participation in ad-hoc meetings as may be required to address project work and associated issues,
Interactions and discussions occurring during the management of suppliers and contractors,
Email and correspondence pertaining to any and all aspects of the project work,
Information is provided to the project team via the “Project Web” including minutes of meetings, monitoring of
action logs and tracking of key performance indicators related to schedule progress, quality, safety and
environmental performance.

The following illustrates how the Health, Safety and Environment (HSE) Manager will communicate to ensure that there
is sufficient planning and training, awareness of issues as they arise, appropriate responses and documentation are
made as per applicable policies and procedures, and follow-up is done to ensure the effectiveness of the responses.









Participation at planned project team meetings (i.e., daily, weekly and monthly),
Participation in HSE risk assessment and hazard identification planning,
Reviews and provides input to the development and implementation of safe work plans and work instructions,
Provides training to project staff and contractors of the requirements of the HSE plans and procedures,
Conducts audits and assessments of HSE performance at the project site,
Communicates to all levels of the organization on the project HSE performance,
Monitoring and tracking HSE non-conformances and corrective actions,
Reports, e-mail and correspondence pertaining to the HSE of the project.

References:
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc# 150)
NWMO. 2011. Design and Construction Phase Management System (OPG’s DGR L&ILW). NWMO document DGRPD-EN-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
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Information Request:
Provide information on where Health, Safety and the Environment (HSE) as well as Communications would fit within the
organization chart in Figure 4.14.2-1. Provide information regarding how HSE and Communications would be integrated
across the 10 management functions arranged across the bottom of the organization chart.
Context:
Operation of the DGR facility in a manner that will “provide some assurance that the facility could be operated safely and
in accordance with the Nuclear Safety and Control Act and its regulations” must include the explicit inclusion of HSE and
Communication functions within the management structure.
The response to the first submission of IR EIS-05-213 was not sufficient.
OPG Response:
OPG’s and its Nuclear Waste Management Division’s (NWMD) organization charts have changed since Figure 4.14.2-1
in the Environmental Impact Statement (OPG 2011a) was submitted. The organization is no longer structured with the
same ten management functions displayed in this figure. In 2012 for example, the Engineering organization was
transferred to report directly to OPG’s Chief Nuclear Engineer and continues to provide support to NWMD through a
dotted-line reporting relationship.
OPG is currently undergoing a Business Transformation which involves further reorganization into centre-led business
functions. Under this model, the support functions of Health, Safety and Environment (HSE) and Communications are
provided through centre-led groups to the Nuclear Waste Management Division operating organization. Below is an
organization chart which indicates that the support functions have a dotted-line reporting relationship to the NWMD
organization.
However, it is critical to note that ensuring that the DGR facility will operate in accordance with the Nuclear Safety and
Control Act and its regulations is not accomplished through a specific organizational chart but rather through its
governance structure.
The NWMD Vice-President reports directly to the Chief Nuclear Officer of OPG. As such, NWMD is governed by the
Nuclear Management System Charter, N-CHAR-AS-0002 (OPG 2011b). That charter then provides authority to the
Nuclear Waste Management system contained within W-PROG-WM-0001 “Nuclear Waste Management” which provides
the framework for the nuclear waste program within OPG. This program document “establishes the overall system for
NWMD and incorporates, directly or by reference, the controls necessary” (OPG 2012, Section 1.1) for compliance with
several standards.
Within that program document, the controls and measures in place to manage Health, Safety and the Environment are
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fully documented. The program document also provides a link to N-STD-AS-0013 (OPG 2009), External
Communications for a managed system with respect to Communications.
As NWMD and OPG move towards the operational phase of the DGR, it is conceivable that organizational structures
may change again. However, a governance structure will always be in place, regardless of the organization layout, that
will ensure that the facility is operating under the requirements of the Nuclear Safety and Control Act.

Nuclear Waste Organization (with
Centre‐Led Business Unit Support)

Vice‐President, NWMD
Director, Low &
Intermediate
Level Waste

Director Used
Fuel
Operations

Deputy Vice‐
President

Manager, L&ILW
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Vice President,
Human Resources
and Safety

Vice President,
Nuclear
Engineering
Director, Nuclear
Waste
Engineering
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Corporate
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References:
OPG. 2009. External Communications. Ontario Power Generation document N-STD-AS-0013.
OPG. 2011a. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2011b. Nuclear Management System Charter. Ontario Power Generation document N-CHAR-AS-0002.
OPG. 2012. Nuclear Waste Management. Ontario Power Generation Program document W-PROG-WM-0001.

EIS 09-457

 Section 16,
Follow-Up
Program

Information Request:
Describe plans to monitor waste degradation rates (gas consumption, generation) within the sections of the repository to
be closed off during operations in order to verify the EIS predictions on this matter.
Context:
The response to EIS 01-32 does not contain sufficient information concerning follow-up plans to monitor waste
degradation rates within sections of the repository that will be closed off during operations.
The EIS Guidelines state that “The follow-up program must be designed to incorporate … real time data which would
consist of observed data gathered in the field. As part of the follow-up program, the proponent must describe the
compliance reporting methods to be used, including reporting frequency, methods and format.”
It is understood that detailed plans for information requests such as this are part of the Operating Licence application that
must be submitted prior to operation, and that availability of specific test procedures to use for data gathering may be
only preliminary at this time. These factors should not, however, prevent OPG from providing detailed monitoring plan
information that is not currently covered in the EIS.
Compliance reporting methods, including frequency and formatting throughout the known period of measurement (“at
least 10 years into the operations phase” in the case of closed panel measurement sites), are not dependent upon
specific measurement techniques and can be better described at present.
OPG Response:
The three types of measurements that would be undertaken for monitoring of waste degradation rates are given in
OPG’s response to Information Request (IR) EIS-01-32 (OPG 2012).
1) Placement of (non-radioactive) waste materials in monitored in-situ test boreholes at the repository horizon.
2) Periodic measurements of gas composition at exits of some waste-filled and ventilated rooms.
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3) Measurements of conditions in the first closed panel.
These measurements will be used to help verify postclosure gas models and support key input parameters in these
models such as waste degradation rates. These verification measurements would support the eventual application for a
decommissioning licence. They are not intended as compliance monitoring for operations, which is described in the EA
Follow-Up Monitoring Program (NWMO 2011), including Tables 4b, 5b and 6.
The first closure walls would be erected in approximately 10 years after start of waste emplacement when all rooms in
Panel 2 were filled (i.e., after 2030).
Measurements on the closed sections of the repository would need to be conducted through a closure wall. Given that
the closure walls could be up to 20 m thick, and that they must retain their blast-resistance design basis, there will be
limitations on what can be measured. The specific measurements would be selected from methods available at that
time. Gas and water samples from the far side of the closure wall would be obtained through appropriately-designed
sampling tubes.
An outline of the monitoring plans is described below and summarized in Table 1. It is based on the measurements
being conducted in the Finnish large scale Gas Generation Experiment (GGE) (Small et al. 2008). The GGE started in
1997 to investigate the gas generation from microbial degradation of organics and corrosion of metals in the low-level
waste disposed of in the Finnish VLJ repository. It is a sealed and monitored 20 m3 steel case within the Finnish VLJ
repository, rather than an actual section of the repository, but it nonetheless provides a good basis for the types of data
that would be useful.
In the closed DGR panel, monitoring will follow the evolution from aerobic to anaerobic conditions, and the initial period
of gas consumption, generation and water accumulation. The atmosphere in the closed panel would be sampled to
determine its composition. The frequency of sampling would likely be similar to that for the GGE: important gases such
as CH4, CO2, H2, and O2 determined on a quarterly basis, and secondary gases such as N2, N2O, H2S, CO, C2H4 and
C2H6 on an annual basis. The average gas generation or consumption rate could then be estimated based on the
difference of the amount of gas during a given period. Gas pressure, and also humidity and temperature, would be
monitored if practical. It is expected that the gas composition would change significantly over the first decade, and then
stabilize into a slow change. The rate of measurements could then be reduced.
The monitoring would also follow the evolution of radioactivity in the gas state. Measurements would be undertaken
quarterly on the H-3 and C-14 in gas phase, in conjunction with the gas composition measurements. Other
radionuclides, and the speciation of the H-3 and C-14, would be tested initially as well.
Since the repository will be graded towards the shafts, any extensive free water in the closed panel will likely collect next
to the closure wall in the closed panel. Water levels at this point can be measured to determine the amount of water in
the closed panel. The water can be sampled on a 6-month basis, a frequency similar to the GGE, for key parameters
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such as pH, electrical conductivity and dissolved oxygen, and for major cations and anions such as Ca+, K+, Na+, Mg+,
Fe2+, Cl-, SO42-, NO3-, HS- and total dissolved solids. Microbial activity could be monitored indirectly by analysis of
volatile fatty acids and dissolved organic carbon, similar to the GGE. In addition, concentrations of H-3 and C-14 in the
water would also be measured. The frequency of measurements would be reduced as these levels stabilize.
The results of these measurements, and in particular their change with time, can be interpreted in terms of overall waste
degradation and gas generation rates.
Table 1: Outline Monitoring Plan for Closed Panel
Measurement

Frequency

Comment

Gas composition
and pressure

Quarterly initially

Monitor evolution of important gases, notably: N2, O2,
CH4, CO2, H2. Minor gases could be evaluated on a
less frequent (e.g. annual) basis.

Radioactivity in gas

Quarterly initially

Monitor evolution of radioactivity levels in the gas
phase, notably H-3 and C-14. Other radioactive
isotopes could be tested for at least initially. The
speciation of the H-3 and C-14 would also be tested at
least initially.

Composition of
water

Every 6 months
initially

Monitor evolution of water within the closed panel. This
would include major chemical components,
radioactivity, water level (if practical), and possibly
indicators of microbial activity.

References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
Small, J., Nykyri, M., Helin, M., Hovi, U., Sarlin, T. and M. Itavaara. 2008. Experimental and Modelling Investigations of
the Biogeochemistry of Gas Production from Low and Intermediate Level Radioactive Waste. Applied Geochemistry 23,
pp.1383-1418.
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Information Request:
Provide a conceptual public consultation plan for the site preparation and construction phases of the project.
Context:
The DGR Project will affect a diverse stakeholder base with a variety of needs, concerns and levels of awareness. It is
expected that there will be a direct connection between the results of public consultation and the environmental
management system.
OPG Response:
The Communication Plan – OPG’s Deep Geologic Repository Project for Low & Intermediate Level Waste (CEAA
Registry Doc# 454), submitted with OPG letter dated May 9, 2012 (OPG 2012), is the going-forward consultation plan for
OPG’s DGR for L&ILW. It includes planned engagement activities during the site preparation and construction phases of
the project. The plan indicates that communications will continue to be developed in a manner that “ensures citizens are
apprised of the general nature and characteristics of the anticipated effects on the environment and health and safety of
persons during site preparation and construction and subsequent phases of the project.”
The communication plan includes the following components: Overview; Objectives; Responsibilities; Target Audience;
Public and Media Opinion; Public Information Program; Communication Calendar; and Evaluation Process. The plan
also meets expectations of CNSC Regulatory Document (RD/GD-99.3) “Public Information and Disclosure” to meet the
requirements for a public information program.
Consistent with public communications undertaken throughout the course of the DGR Project, specific engagement
strategies during the site preparation and construction phases will continue to use a multitude of communication methods
and tools to inform persons living in the vicinity of the site of the general nature and characteristics of the anticipated
effects on the environment, health and safety of persons during site preparation and construction. Planned
communication tools and activities include: Public Notifications; Stakeholder Briefings and Presentations; DGR Project
Newsletters; Fact Sheet/Brochure; DGR Website; DGR Mobile Exhibit; Advertorials; Open Houses/Community
Information Sessions; Media briefings; Employee Communication; and Issue Management and Tracking.
As stated in OPG’s written submission for the JRP Socio-economic Technical Information Session (OPG 2013,
Section 2), the content of the communication activities planned during site preparation and construction will reflect
project activities and progress, mitigation efforts and their effectiveness, and the results of monitoring activities
undertaken to confirm predicted effects. As an example, those living in the general vicinity of the DGR would be notified
of activities such as the starting of blasting and the presence of large equipment on area roads during harvesting season.
The results of follow-up monitoring for conventional air quality, surface water quality, aquatic habitat, groundwater
quality, the results of public attitude research, and the results of any other undertakings as a result of the regulatory
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approvals process will also be communicated. A broad range of engagement opportunities will be provided for key
stakeholders and members of the public and First Nations and Métis communities to become updated, ask questions,
provide meaningful comment, and raise concerns about key DGR activities, milestones and decisions. Requests for
information and concerns from the public will continue to be addressed in a timely manner. Details of future engagement
strategies can also be found in the Preliminary Safety Report (OPG 2011, Chapter 12).
References:
NWMO. 2011. Communication Plan – OPG’s Deep Geologic Repository Project for Low & Intermediate Level Waste.
Nuclear Waste Management Organization document DGR-PLAN-08510-0004 R0. Toronto, Canada. (CEAA Registry
Doc# 454)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Information Request Package #2 Acknowledgment”, CD# 00216-CORR-00531-00114, May 9, 2012.
(CEAA Registry Doc# 447)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the March 20, 2013 JRP Technical Information Session”, CD# 00216-CORR-0053100173, March 12, 2013. (CEAA Registry Doc# 912)

EIS 09-459

 Section 2.2,
Public
Participation and
Aboriginal
Engagement

Information Request:

 Section 6.3,
Stakeholders

A Community Consultation Advisory Group (CCAG) can provide the most effective means of addressing community
concerns during the planning and operational phases of a project. The JRP requires more specific information on the
effectiveness of the DGR CCAG than has been provided in the response to EIS-05-205 in order to evaluate the
community input into the project.

Confirm that an OPG representative(s) attended the Community Consultation Advisory Group (CCAG) meetings. Provide
any records (unofficial) such as memos, minutes, or notes produced by the OPG representative.
Context:

The response to EIS-05-205 states that "Official meeting notes are not prepared for these meetings." On page 2-50 of
the EIS it is stated that “A sample of the minutes from these meetings is provided in Appendix D13." This was not
actually provided.
Such records would provide clarity and confidence in the degree of community involvement in the planning process.
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OPG Response:
The Community Consultation Advisory Group (CCAG) meetings are primarily focused on information sharing activities, in
order to keep Bruce County mayors updated and informed regarding developments associated with OPG’s DGR Project.
Meetings provide an update on progress made with field work, design and engineering, community engagement and
information-sharing activities, and the regulatory approvals process and associated progress. An agenda is developed in
advance and appropriate presentation materials are developed as a discussion guide. This is not a decision-making
body but rather a venue for exchange of information to ensure County mayors are informed and able to address any
constituent concerns in their municipalities. Mayors provide input to the group on questions or concerns raised by
community members. This advice has been used from time to time to correct misinformation or develop communications
materials to be shared in the community to clarify a concern or question.
There have been sixteen meetings of the CCAG between September 13, 2005 (inaugural meeting) and the end of 2012.
Representation at the meetings includes OPG public affairs staff, OPG executives and NWMO staff.
There are no notes of meetings, official or otherwise, for meetings held between 2005 and 2008. For eight of nine
meetings held between 2009 and the end of 2012, unofficial meeting notes were prepared by an attendee of the
meetings. These notes are considered unofficial in that they were not reviewed or approved by other attendees. The
unofficial notes for these meetings are provided below. There were no notes taken for the CCAG meeting held on
April 20, 2011.
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 Section 13.1,
Long-Term
Safety of the
DGR

Information Request and Response

Information Request:
Include and evaluate additional disruptive scenarios that have a reasonable likelihood of occurrence, namely:
a) abandonment before the complete filling of the repository (impact on the gas evolution scenario); and
b) loss of ability to administer/ service/maintain operations (such as, for example, an inability to put the shaft seals
in place) for:
i.
a limited time period (years); and
ii.
an extended time period (decades).
Context:
The disruptive scenarios currently evaluated do not include several reasonably likely scenarios.
OPG Response:
Three cases are considered below:
1. Abandonment of the DGR before completely full, but with closure;
2. Temporary loss of service to the DGR; and
3. Long-term abandonment of the DGR without closure (e.g. without shaft sealing).
1. Abandonment Before Completely Full, with Closure
In this case, OPG decides to no longer use the DGR for L&ILW disposal, but existing wastes are left emplaced and the
repository is closed, sealed and ‘abandoned’ consistent with regulatory expectations. (“Abandonment” is a defined term
in the Canadian nuclear regulatory system and refers to the process by which a facility owner obtains a CNSC licence at
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the last stage of a facility’s life, signifying removal of the facility from regulatory control; however, with the possibility that
there may still be licence conditions.)
In this case, since the repository volume is fully excavated before operations begins, there will be more void volume
available at closure than currently planned. As the repository is partially full, there will also be less waste, and therefore
less radioactivity and less gas generation potential. The gas generation rate will be slower, the gas pressure buildup rate
will be slower, and there will be less gas ultimately within the repository. The gas pressure will still build up towards
hydrostatic in the long term, as the water slowly seeps back in and compresses the existing gas. The dose impacts
would be smaller for this scenario than for the reference case with a full repository.
2. Temporary Loss of Service to the Repository
The consequences of short term disruption to services of the DGR during operations have been discussed in previous
Information Request (IR) responses, notably LPSC-01-10 (emergency power) and LPSC-01-41 (impact of events at
Bruce site) (OPG 2012a).
Here the scenario in which the repository has been filled with wastes is considered; however, before the repository is
properly closed and the shafts are sealed, there is a loss services to the DGR that lasts for years to decades. In
particular, it is assumed there is neither electrical power nor maintenance provided.
In this case, the most important consequence would be buildup of water within the shaft bottoms due to normal inflows
from the shafts. For the present reference design, the estimated normal inflows are 0.45 L/s (EIS-04-101, OPG 2012b).
The shaft sumps and bottom ramps have a capacity of about 22,500 m3 (EIS-05-185, OPG 2012c). Therefore, the water
will accumulate in this volume, which would take about 1.6 years at normal inflow rates. Since the repository is sloped
upwards away from the shaft station, it is only after this time that accumulating water would start to fill the repository level
and potentially contact the wastes.
However as the repository is filled, the waste-emplacement rooms are progressively isolated with closure walls. When
the repository is full, but before shaft sealing, the waste panels are all isolated by closure walls; these walls would delay
water accumulating in the shaft station area from contacting the wastes. (Fast flooding during operations with no closure
walls is discussed in OPG’s response to IR-EIS-06-270, OPG 2012d.)
Up to this time, the wastes and waste packages would not be affected - conditions within the panels would remain largely
dry, with a slow evolution of gas composition and pressure due to the expected corrosion and degradation reactions.
After this time, there would be increased amount of water permeating around the closure wall (through the surrounding
higher permeability rock damaged zone) from the accumulated water on the shaft side of the closure wall. However, this
rate would be constrained by the characteristics of the rock and closure wall, and the pressure difference across the
closure wall. The net flow would be inwards into the waste panels. Radioactivity releases from the repository would be
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very low.
At any time in this scenario, if DGR service functions were resumed, the first task would be to pump out the accumulated
water in the shafts and service areas. This shaft area water would be very saline, but may not contain significant
radioactivity since it would have had little or no contact with the wastes. The need to remove and treat water that had
leaked into the panels during this period would need to be assessed based on the specific circumstances. It is expected
that the repository would then be decommissioned and sealed as per the reference plan.
3. Long-term ‘Abandonment’ of Repository
In this section, the same postulated scenario as above is considered, but it is assumed that the repository is ‘abandoned’
indefinitely, i.e. without shaft sealing. It is noted that this would require a breakdown in Ontario and Canadian society
within the next 50 years, which is the time frame for repository closure. This is very unlikely. (Note also that there would
be consequences from a breakdown in society for the case with no DGR, where the wastes remain stored on surface
structures at the Bruce nuclear site.)
The ‘abandoned’ repository scenario was characterized as follows:









All waste emplacement rooms have been filled with the reference inventory of wastes and packages.
Closure walls are present, having been installed in the access tunnels as the panels are filled. These concrete
plugs will degrade with time, but are an initial low permeability barrier during the operations period and any early
‘abandonment’ period. There is also a damaged zone in the rock around the closure walls, which is expected to
be the more permeable pathway. For modeling this scenario, only two closure walls are modeled (the additional
closure walls would provide some additional delay), the closure wall concrete is assumed with degraded
permeability (hydraulic conductivity of 1.0E-10 m/s) and the surrounding rock zone is modeled as 1.0E-8 m/s.
There is loss of power and no maintenance of sump pumps, so normal water inflow from the shafts will initially
accumulate in the repository. Over longer time frames (100 years), the infrastructure in the shafts will degrade
and fail, allowing faster water inflow and flooding of the repository. For modeling this postulated scenario, the
initial water accumulation transient is neglected, and the shaft area is assumed fully saturated from the start.
The shafts are not sealed. Specifically, there is neither a concrete monolith at the base of shafts, nor liner
removal, nor shaft seals installed. The liner will eventually fail. The shafts will eventually fill with failed liner
concrete, degraded shaft infrastructure material (e.g. cage, guides, headframe), rockfall, and debris falling in
from surface. For modeling, the shafts are assumed filled with permeable material out to the current shaft outer
diameter (i.e., the excavated diameter). A hydraulic conductivity of 1E-06 m/s is assumed - this is sufficiently
high that it does not delay transport while allowing fast numerical convergence.
Rockfall from the roof within the repository, included in the Normal Evolution Scenario, is not included in this
disruptive scenario as the impacts of most interest are in the first 10,000 years before significant rockfall would
occur.
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The repository is modeled as horizontal; the upwards slope away from the shafts is not included.
The geosphere is modeled including initial as-measured underpressure in the Ordovician formations and a
steady overpressure in the Cambrian Formation. The geosphere is initially saturated; however, the effects of 60
years of operation (i.e. exposure to repository at atmospheric pressure) are included (this affects the saturation
levels and hydraulic head conditions in the near-field rock).

The results of the analysis of the ‘abandoned’ repository scenario are illustrated below. Figure 1 shows the water
saturation within the repository as a function of time, and Figure 2 shows the gas pressure within the repository panels
as a function of time. These results show that the closure plug acts as an initial barrier delaying water entry into the
repository, but the repository essentially saturates within 1000 years. The gas within the repository builds up to a bubble
at hydrostatic pressure confined against the roof of the emplacement room panels, with further gas being released
through the shaft as quickly as it is generated.

Figure 1: Water Saturation (as Fraction of Volume) with Time within Repository Panels for the ‘Abandoned’
Repository Scenario (SF-13-AB)
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Figure 2: Gas Pressure Profile within Repository Panels for the ‘Abandoned’ Repository Scenario
(SF-13-AB)
Figure 3 and 4 show the groundwater and gas flow in the shaft as a function of time for the ‘Abandoned’ Repository
scenario. Note that Figures 1 to 3 use a log time scale from zero to 1 million years, while Figure 4 uses a linear time
scale and focuses on the timeframe from zero to 50,000 years.
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Figure 3: Groundwater Flow Rates at Various Locations within the Shaft.
Negative Flow Is Downward in the Shafts.
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Figure 4: Gas Flow Rates at Various Locations within the Shaft
The groundwater flow in the shaft is downwards for the first thousand years as water permeates past the closure wall
and fills the repository. After the repository has filled, the net groundwater flow in the shaft is essentially zero. The gas
flow shows an initial release of gas after about one thousand years as the gas pressure reaches hydrostatic and the gas
bubble can extend along the repository roof and into the shaft, where it rises to surface. The gas flow closely parallels
the gas generation rate within the repository - there is no significant holdup of gas in this scenario because there is no
significant shaft seal barrier.
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The peak gas flow in the ‘Abandoned’ Repository scenario is higher and earlier than in the Severe Shaft Seal Failure
base case (SF-BC, peak flow 850 kg/a at 32,000 a), as the latter has seal material present in the shaft, albeit degraded
from the design basis, but not as high as in the Severe Shaft Seal Failure extra degradation (SF-ED) case (about 9000
kg/a at 4000 a, GEOFIRMA and QUINTESSA 2011, Section 8.2).
The delay in saturating the repository and developing the first gas release is at least long enough for the tritium to decay.
The peak release would occur within the first 3000 years, and would not be as high as in the Severe Shaft Seal Failure
extra degradation case. This is because there is less gas buildup before the initial release in the ‘Abandoned’ Repository
scenario. In the SF-ED case, the key contributor was C-14, and the peak dose to someone living and farming directly
above the repository shafts was about 80 mSv/a. For the ‘Abandoned’ Repository, C-14 is likely to also be the dominant
radionuclide in the gas phase, and the dose rate is likely to be similar.
References:
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd and
Quintessa Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)

EIS 09-461

 Section 13.1,
Long-Term
Safety of the
DGR

Information Request:
Given the possibility that a 300-year period of institutional control may not be possible, provide dose rate calculations for
human intrusion scenarios commencing at the time of decommissioning.
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Context:
Postclosure Safety Assessment TSD Section 7.2.1 Human Intrusion presents Figure 7.18 showing the calculated
average concentrations of radionuclides in wastes in panel 1, as a function of the time for the human intrusion Base
Case (HIBC). Figure 7.19 shows calculated concentrations of radionuclides in repository gas at repository pressure and
Figure 7.20 the calculated doses from surface release of gas and drill core resulting from human Intrusion, as a function
of the time of intrusion. In all cases the calculated values start at 300 years after decommissioning (i.e., at the end of the
stipulated institutional control).
The period of 300 years of institutional control after decommissioning has to be considered a significant uncertainty.
Therefore, a precautionary approach should be invoked and calculations should be provided which do not assume that
institutional control will be possible for 300 years.
OPG Response:
No institutional control after repository decommissioning and closure to prevent inadvertent human intrusion was
addressed in OPG’s response to Information Request (IR) EIS-03-50 (OPG 2012). As a worst case “what if” analysis,
the consequences of inadvertent intrusion into the repository immediately after closure and decommissioning was
assessed. This is an extension of the Inadvertent Human Intrusion Scenario described in Section 8.7.1 of the
Preliminary Safety Report (OPG 2011) and Section 7.2.1 of QUINTESSA, GEOFIRMA and SENES (2011).
This “what if” intrusion scenario means:





no institutional processes to monitor or manage the site after closure, such as through site fencing or land use
controls placed in municipal planning systems;
no passive markers are placed at closure, or that markers are lost or are ineffective;
no societal memory that the repository is present (i.e., people forget that the repository is sited there);
a deep drilling program is initiated at the site (even though there are no known exploitable resources in this
rock).

Furthermore, the consequences are calculated assuming that people do not take precautions that would be appropriate if
they knew the repository is present, that they do not manage the site and drilling program consistent with current
requirements, and (for the nearby resident dose) that people are living within 100 m of the repository site.
The results of this additional “what if” immediate intrusion case were summarized in the response to EIS-03-50, and
Figure 1 below shows these results as a function of time. For this “what if” case, the results show that the peak dose
would be higher for inadvertent intrusion within the first 100 years due, in particular, to the potential for release of tritium,
which would not have fully decayed. The peak dose from early intrusion (to the drill crew or a person living on the
repository site) would be about 4 mSv higher than for intrusion at 300 years (if the tritium was released as HTO, much
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less if released as HT). However, inadvertent deep drilling into the repository within 100 years of closure is not
considered credible - societal memory alone is likely sufficient to ensure this. From 100 to 300 years, the intrusion
consequences are essentially as presented in the Preliminary Safety Report at 300 years.
1.0E+01

H‐3
Dose from Natural Background Radiation

1.0E+00
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Nb‐94

Calculated Effective Dose (mSv/a)
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Figure 1: Calculated Doses from Human Intrusion Surface Release Pathway assuming H-3 Gas is
Released as HTO and No Institutional Control or Societal Memory. Key Radionuclides
Contributing to Dose are Indicated for Different Times and Receptors.
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References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
QUINTESSA, SENES and GEOFIRMA. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS 09-462

 Section 13.1,
Long-Term
Safety of the
DGR

Information Request:
Explicitly explain how “existing structural discontinuities in the barrier rock formations” were incorporated into the “longterm geomechanical analyses of the DGR openings" and the DGR Safety Case and why the assumptions used can be
regarded as conservative.
Context:
The response to EIS-05-164 states that " The conservative long-term geomechanical analyses of the DGR openings that
considered long-term rock mass strength degradation, seismicity, glacial loading and repository gas pressure (7-8 MPa)
support the conclusion that fault rupture or re-activation of existing structural discontinuities in the barrier rock formations
will not occur or influence the DGR Safety Case."
OPG Response:
The long-term DGR geomechanical stability assessment was performed using a state-of-practice approach that was
founded on observed site conditions (ITASCA 2011, Section 2). The principal objective of this site-specific analysis was
to capture the dominant mode of rock mass behaviour with respect to the development of damage and yielding around
the underground excavations and sealed shafts during the postclosure period. The inherent uncertainty in these longterm geomechanical predictions was dealt with, in part, through input parameter selection to illustrate the sensitivity of
predictions to uncertainty and to provide bounding cases when appropriate. Whenever possible, the model results were
judged by comparison with field and analog observations. Conservative assumptions regarding geotechnical conditions
were made throughout the assessment. The need for such perspective was balanced with the modelling objective, sitecondition uncertainty and the amount of conservatism included in the numerical model (ITASCA 2011, Section 2).
In the long-term stability assessment, structural discontinuities were incorporated into the numerical models both
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explicitly and implicitly as required to reliably predict rock mass response to the excavated openings. Large-scale
geologic features such as faults or major shear zones were not included as site characterization yielded no evidence for
such features within or proximal to the DGR. In near-field or pillar-scale analysis, representative joint networks were
simulated using the following approaches:



Voronoi Block models with assumed bedding planes at 0.75 m spacing in Cobourg and Sherman Fall formations
for pillar-scale analysis (ITASCA 2011, Section 5); and
Continuum models with Geotechnical Strength Index (GSI) derived from the intact rock strength and
discontinuity information observed for both the upper barrier shale units in pillar- and panel-scale analyses
(ITASCA 2011, Section 5 and 6).

Regardless of the approach, selected conservatism was built into the assessment through the acceptance of long-term
rock strength equal to the average crack initiation threshold of 45 MPa. As demonstrated using sensitivity analyses
(ITASCA 2011, Section 6.1.1), this long-term strength represents a worst-case scenario for the rock damage around
emplacement rooms. In addition, conservative boundary conditions that included various loading scenarios and
combinations of scenarios were considered in the analysis. Under no circumstances did any of the analyses predict rock
mass yielding extending into the Ordovician-age shale cap rock overlying the DGR. A key reason for this is that failure of
the emplacement room roof leads to rock mass bulking in the excavated opening that eventually self stabilizes further
roof collapse. In the extreme case of a complete repository panel collapse, only relatively small strains could be induced
locally near the lower contact of the Blue Mountain Formation; hence, the integrity of the overlying Georgian Bay and
Queenston shale formations would not be compromised (NWMO 2011, Section 6.4.6). A key conclusion of the
numerical assessment was that fault rupture or reactivation of structural discontinuities as simulated in the numerical
analyses did not occur or alter the barrier properties of the overlying shale cap rock.
References:
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
EIS 09-463

 Section 13.1,
Long-Term
Safety of the
DGR

Information Request:
For each waste type within each of the three panel zones that will be created following panel closure, provide:
a) information on the ranges of waste material quantities;
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b) distribution by type of waste; and
c) gas generating potentials.
Given that variable waste types will be emplaced in the separate panel zones at different operational times, describe the
ranges of pressure for various operating intervals, and confidence limits on these predictions, that will develop in each
zone through sequential placement operations.
Context:
It was noted in OPG’s response to IR-01-19 that closure walls would separate the repository into different domains that
could, in principle, lead to higher gas pressures in a panel containing more gas-generating wastes per available void
volume. The response given provides an estimate of “the peak gas pressures in each of the three panels, taking into
account the reference waste distribution between the panels and the panel volumes.”
No information concerning reference waste quantities (ILW and LLW), waste distribution by type and gas generating
characteristics for each of the three sealed panel zones being considered was presented in this response. The impact of
uneven waste distribution, particularly ILW in Panel 2, was cited as a source of higher gas pressure in this panel, though
no indication of time at which such maximum pressure effect would result was stipulated.
OPG Response:
As discussed in the Preliminary Safety Report (OPG 2011, Section 6.13) and in OPG’s response to Information Request
(IR) EIS-01-19 (OPG 2012a), the DGR design includes construction of six closure walls in the access and ventilation
tunnels to isolate three groups of emplacement rooms during the operational period:




Panel 1a Rooms 1 to 5
Panel 1b Rooms 6 to 14
Panel 2 Rooms 1 to 17.

Distribution of Waste between Panels
The allocation of wastes to the emplacement rooms was estimated based on Table 4.2 of QUINTESSA and GEOFIRMA
(2011). The calculated distribution of waste to the 3 isolated panels of emplacement rooms is shown in Table 1. The
reference schedule is for Panel 2 to be filled first, primarily with waste from storage at Western Waste Management
Facility. Panel 2 will, therefore, contain a large number of LLW rooms. Subsequently Panel 1 will be filled in two stages
(Panel 1a and 1b).
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Table 1: Estimated Emplaced Volumes of Waste in Each Panel
Emplaced Volume (m3)
Panel 1a
Panel 1b
Panel 2
Rooms 1 to 5
Rooms 6 to 14 Rooms 1 to 17

Waste Categories

LLW
Bottom ash
Baghouse ash
Compacted wastes (bales)
Compacted wastes (boxes)
Non-processible (drums)
Non-processible (boxes)
Non-processible (other)
LLW and ALW resins
ALW sludges
Steam generators
Sub-total LLW
ILW
CANDECON resins
Moderator resins
PHT resins
Misc. resins
Irradiated core components
Filters and filter elements
IX columns
Retube Wastes (Pressure Tubes)
Retube Wastes (End Fittings)
Retube Wastes (Calandria Tubes)
Retube Wastes (Calandria Tube Inserts)
Sub-total ILW
Total
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441
109
277
1,010
1,502
4,341
3,279
371
855
0
12,184

1,323
327
830
3,031
4,506
13,022
0
1,113
2,564
4,194
30,909

5,733
1,417
3,596
13,135
19,524
56,429
0
4,823
11,109
4,194
119,960

1,398
1,195
835
1,120

2,330
1,991
1,392
1,867

1,864
1,593
1,113
1,493

2,363

3,939

3,151

465
2,451
321
87
10,236
22,420

775
4,085
535
145
17,059
47,968

620
3,268
428
116
13,647
133,607
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Distribution of Metals and Organics between Panels
Based on the distribution of wastes and packages outlined in Table 1, the distribution of metals and organics in each
panel is shown in Table 2 and Figure 1. Other materials such as concrete and ash are not included in this distribution
since they are not significant sources of gas.
Table 2: Estimated Amount of Metal and Organic Material in Each Panel
(Including Wastes, Packaging and Engineered Features)
Waste Category
Panel 1a Rooms 1 to 5
LLW
ILW
Un-passivated C-steel and
galvanized steel
Passivated C-steel,
stainless steel and Ni-alloy
Zirconium based alloys
Cellulose
IX Resin
Plastics and rubber
Total

Mass (kg)
Panel 1b Rooms 6 to 14
LLW
ILW

Panel 2 Rooms 1 to 17
LLW
ILW

4.3E+06

0.0E+00

4.5E+06

0.0E+00

1.9E+07

0.0E+00

4.1E+05

3.9E+06

6.9E+06

6.4E+06

1.1E+07

5.1E+06

0.0E+00
4.8E+05
1.0E+05
5.0E+05
5.8E+06

1.5E+05
0.0E+00
1.0E+06
0.0E+00
5.0E+06

0.0E+00
1.5E+06
2.6E+05
1.5E+06
1.5E+07

2.5E+05
0.0E+00
1.7E+06
0.0E+00
8.4E+06

0.0E+00
6.3E+06
1.1E+06
6.6E+06
4.4E+07

2.0E+05
0.0E+00
1.4E+06
0.0E+00
6.7E+06
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Panel 1a Rooms 1 to 5

Panel 1b Rooms 6 to 14

Panel 2 Rooms 1 to 17

Figure 1: Distribution of Metals and Organics in Each Panel by Mass
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Gas Generation Potentials in Panels
Within 1-10 years after a panel is isolated by a closure wall, most of the oxygen from air will be consumed by aerobic
corrosion and degradation reactions. Since these reactions do not result in net increase in the amount of gas, aerobic
reactions were conservatively ignored in the following estimate.
The gas generating potentials in each isolated panel are given in Table 2 of OPG’s response to IR EIS-01-19
(OPG 2012a). These were calculated from the best estimate for corrosion and organic degradation rates in the
repository under anaerobic conditions (Tables 3.20 and 3.21 of QUINTESSA and GEOFIRMA 2011), and the estimated
total amounts of metals and organics in each panel (Table 2).
Corrosion rates and organic degradation rates were determined through a review of information presented in literature
(see Appendix E and Appendix F of QUINTESSA and GEOFIRMA 2011). The range of corrosion rates and organic
degradation rates represents a range of likely repository conditions (Tables 3.20 and 3.21 of QUINTESSA and
GEOFIRMA 2011). The consequent total gas generation rates for each closed panel are summarized in Table 3, based
on the maximum, minimum and best estimate of the anaerobic corrosion and organic degradation rates and the total
amounts of metals and organics in each panel (Table 2). The maximum and minimum gas generation rates are one
order of magnitude higher and lower than the best estimate gas generation rate, respectively. (These rates assume
water is available to support the reactions.)
Table 3: Range of Gas Generation Rates for Anaerobic Corrosion/Degradation Reactions
(Non Water Limited)

Panel 1a Rooms 1 to 5
Panel 1b Rooms 6 to 14
Panel 2 Rooms 1 to 17

Gas Generation Rate (Molar Basis)
Best Estimate
Minimum
Maximum
1.6E-03 mol/s
1.6E-04 mol/s
1.6E-02 mol/s
2.7E-03 mol/s
2.7E-04 mol/s
2.7E-02 mol/s
9.7E-03 mol/s
9.7E-04 mol/s
9.7E-02 mol/s

Range of Pressures for Various Operating Intervals
The assumed schedule for waste receipt at the DGR, and for panel closures, is described in the Preliminary Safety
Report (OPG 2011, Section 7.2), and summarized below:




Panel 2 Rooms 1 to 17 filled with waste during 2018 to 2022 and closed at 2023.
Panel 1b Rooms 6 to 14 filled with waste during 2023 to 2037 and closed at 2038.
Panel 1a Rooms 1 to 5 filled with waste during 2038 to 2052 and closed at 2053.

1526

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response



Monitoring during 2052 to 2062.
Repository closure at 2062.

Note that the dates listed above are those assumed when the Preliminary Safety Report was prepared. Actual dates will
depend on when the DGR facility goes into service.
As noted in the Preliminary Safety Report, this schedule is a relatively aggressive schedule, as the initial transfer rates
are likely to be slower than assumed here, and the time of first panel closure delayed. However this assumption of early
filling and early closure provides an upper bound on the potential for gas pressures to develop within the panels during
the operational period.
Prior to closure of each panel section, the emplacement rooms in that portion of the repository will be ventilated.
Following closure, gas pressure will build up slowly. Simple calculations were performed to estimate the peak gas
pressure in the isolated panels during the operational period (i.e., prior to repository decommissioning and closure),
similar to those in OPG’s response to IR EIS-01-19 (OPG 2012a). The methanogenic reaction, which converts H2 and
CO2 to CH4, was conservatively not credited. It was also conservatively assumed that sufficient water is available to
support the reactions. Table 4 shows the best estimate, minimum and maximum pressures calculated for various times
during operations for these conservative assumptions. These calculated pressures were based on the gas generation
rates shown in Table 3.
Table 4: Estimated Range of Gas Pressures in the Panels at Various Times During the Operational Period
Gas
Generation
Rate
Panel 1a
Rooms 1 to 5

Estimated Gas Pressure (kPa)
2022

2037

2052

Best Estimate

9.9E+01
n/a

Minimum

n/a

n/a

Maximum
Panel 1b
Rooms 6 to 14

8.2E+01
2.7E+02

Best Estimate
n/a

Minimum

1.0E+02

1.2E+02

8.3E+01

8.4E+01

3.3E+02

4.9E+02

1.3E+02

1.8E+02

2.1E+02

8.5E+01

9.0E+01

n/a

Maximum
Panel 2
Rooms 1 to 17

2062

Best Estimate
n/a

Minimum

Maximum
5.7E+02
1.1E+03
Note: n/a: group of emplacement rooms not yet closed, and kept ventilated.
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During operations, the pressure in the closed panels decreases initially from 0.1 MPa as oxygen is consumed, then rises
slowly. The best estimate calculations indicate a peak pressure of up to about 0.2 MPa in any of the closed panels by
the end of the operational period. The maximum-case gas pressure is calculated to be 1.4 MPa by 2062 in Panel 2,
assuming maximum generation rates, assuming sufficient water is available and ignoring processes that would delay gas
generation or consume gas. This is because Panel 2 will contain mostly LLW, which have more cellulose,
plastics/rubbers and metals, and metal containers. Also, there are 40 years between Panel 2 closure and repository
closure for waste degradation and pressure build-up compared to 10 years for Panel 1a and 25 years for Panel 1b. The
maximum calculated pressure is much less than the 7 MPa lower bound capacity of the proposed DGR closure wall, as
given in the OPG’s response to IR EIS-04-150 (OPG 2012b). Also as noted in the OPG response to IR EIS-09-457
(OPG 2013), the gas pressure within closed Panel 2 would be monitored during repository operations, and any gas
leakage through the closure plug to the operations side would be monitored as part of the routine underground radiation
survey activities (i.e., NWMO 2011, Table 5b, O-LIC-RAD6) and removed by the ventilation system.
In summary, a range of pressures within the closed panels during the operational period have been calculated
considering the range in corrosion rates and with various conservative assumptions. The buildup in pressure will be slow
and will be monitored.
References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
OPG. 2013. OPG Letter, A. Webster to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the Second Sub-set of Package #9 Information Requests”, CD# 00216-CORR00531-00180, April 15, 2013. (CEAA Registry Doc# 957)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada.
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(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS 09-464

 Section 10.1.1,
Biophysical
Environment
 Section 13 LongTerm Safety of
the DGR

Information Request:
Assess the dose effects from a vertical fault located 500 metres, 100 metres, 50 metres and 10 metres distance (or any
distances in-between) to the north-west of the DGR. The assessments should be conducted without horizontal hydraulic
gradients added in the intermediate groundwater zone, i.e., without changing other assumptions of the normal evolution
scenario.
Context:

 Section 13.4,
Confidence in
Mathematical
Models

The response provided to EIS-02-36 does not permit the full evaluation of the sensitivity of the system in response to a
vertical fault located in its vicinity..

 CNSC Regulatory
Guide G-320

OPG Response:

By adding horizontal gradients to the intermediate groundwater zone, one might underestimate the possible effect of an
unidentified fault on well water (its contribution to dose) and the sensitivity of the system.

This Information Request is the same with EIS-08-385 and is addressed in that response (OPG 2013).
Reference:
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste –Submission of Responses to the Final Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00171, March 15, 2013. (CEAA Registry Doc# 915)

EIS 09-465

 Section 7.1,
Purpose and
Need for the
Project

Information Request:
Provide information concerning the safety hazards associated with operations at the Western Waste Management
Facility (WWMF) that may compromise the health and safety of the public, workers and the environment.
Context:
From IR EIS 04-149: Section 1.2.1 of the EIS, page 1-2 states that: “The DGR Project is proposed because… it provides
a greater margin of safety than the existing facilities...”; and “…it provides a long-term management method for waste
streams .. and (it) will do so in the absence of institutional controls.”
Little information regarding the “margin of safety” of existing facilities (i.e., WWMF) and/or safety hazards existing at the
WWMF is provided to validate why the DGR is necessary other than that, through underground placement, no
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institutional controls (after 300 years) may be required to maintain safe material management.
The OPG response to this IR was not adequate. Specific information regarding hazards, case examples and operational
safety conditions existing at the WWMF is required.
OPG Response:
As stated in OPG’s response to EIS-04-149 (OPG 2012), the potential safety hazards from the operation of the Western
Waste Management Facility (WWMF) can be both radiological and industrial in nature. The WWMF Safety Report
(OPG 2009) documents public (and worker) dose calculations for normal and abnormal operating conditions as well as
postulated accident conditions, and forms a conservative, bounding safety case for the WWMF.
The safety case for the WWMF is built around the fact that systems, structures and components (SSCs) have a finite
design life. Continuous aging management activities of SSCs, such as buildings housing low and intermediate level
waste (L&ILW), as well as containers containing L&ILW are required. As the age of the SSCs increases past the design
life, safety margins decrease, relying on aging management activities to ensure continued safe operation. The scope of
this required maintenance increases with time and continues to expose workers to the radiological and industrial hazards
associated with the maintenance activities.
Historically, since operation of the WWMF began in 1974, there have been no doses to the public or to workers that
exceed regulatory dose levels. Accidents that have occurred at the site are industrial in nature, and include events such
as small non-radiological spills, and minor employee injuries.
With respect to industrial hazards, existing industrial hazards at the WWMF pertain to lifting and stacking waste
containers, working with heavy machinery (fork-lifts etc.), working with electrical tools/equipment, working at heights,
working in a noisy environment and working with chemicals. All waste handling and maintenance activities are
performed in accordance with Ontario’s Occupational Health and Safety Act (OHSA) requirements and OPG’s approved
work practices. After the waste is permanently emplaced in the DGR, no further waste handling, or aging management
activities will be required, which will effectively eliminate hazards associated with these activities.
With respect to potential radiological releases, the bounding postulated accident scenario documented in the WWMF
Safety Report is a fire in one Low Level Storage Building (LLSB). During the postclosure period, once the waste is
permanently emplaced in the DGR, the risk of a fire releasing radioactivity to the environment will be effectively
eliminated, therefore increasing the safety margin. Other postulated surface-based accident scenarios (such as
tornadoes, or thunderstorms) would not affect waste emplaced in the DGR, again, increasing the safety margin relative
to the WWMF.
IAEA Safety Standard SSR-5 “Disposal of Radioactive Waste” (IAEA 2011, Section 1.6) states, “The preferred strategy
for the management of all radioactive waste is to contain it (i.e. to confine the radionuclides to within the waste matrix,
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the packaging and the disposal facility) and to isolate it from the accessible biosphere.” Permanent emplacement of the
wastes in a DGR where they are separated from the biosphere by multiple geological barriers is a safer solution over the
long term than is the current method of storage at the WWMF.
Table 1 below provides a comparison of hazards for the case without a DGR and with a DGR.
Table 1: Comparison of Hazards at WWMF and DGR
Hazard

WWMF with no DGR

WWMF plus DGR

Worker conventional hazard due
to the handling of large packages

Multiple instances of handling
each package as required by
container and building aging
management.

Reduced since packages are
handled once for transfer to the
DGR.

Worker radiological dose due to
the handling of waste packages

Multiple radiological exposures
as a result of the need for
multiple instances of handling
each package as required by
container and building aging
management.

Reduced since packages are
handled once for transfer to the
DGR.

Public dose due to air emissions

Low doses from incinerator
emissions and waste package
off-gassing.

Incinerator emissions
unchanged.
Package off-gassing emissions
are reduced due to reduced
handling as well as underground
panels are sealed off.

Public dose due to water
emissions

Low doses from tritium in shallow
groundwater plume at site

Shallow groundwater source
term is removed as packages
are transferred underground.

Natural hazards, such as
tornados, high winds, lightning

Low risk.

Lower risk as wastes are isolated
by 680 m of rock.

Seismic hazard

Low risk due to low seismicity of
area.

Similar low risk. Effects
underground are generally lower
than at surface such that direct
consequences are likely lower,
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but liner damage due to
excessive shaking may lead to
risk of underground flooding until
shafts are sealed.
Accidents such as container
breach or fire

Low risk. LLSB fire is bounding
accident.

Lower risk. A room fire is a
similar bounding accident, but
eventually wastes are fully
confined in a closed panel.

Impacts from Bruce site
accidents

Low risk

Lower risk as wastes are isolated
by 680 m of rock.

Malevolent acts

Low risk

Lower risk as wastes are isolated
by 680 m of rock and are less
accessible

References:
IAEA. 2011. IAEA Safety Standards SSR-05, Disposal of Radioactive Waste.
OPG. 2009. Western Waste Management Facility – Safety Report. Ontario Power Generation report W-SR-0132000001 R02. Toronto, Canada.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
EIS 09-466

 Section 2.5,
Precautionary
Approach

Information Request:
Provide the following information with respect to the long-term safety of the proposed DGR Project:
a) A description of the redundancies that have been incorporated in the design to ensure safety of the public.
Context:
The definition of redundancy can include several elements that work simultaneously and independently, and are capable
of performing the same function. Redundancy may also include standby or backup systems that perform when the
system needs them.
The response to part a) of IR EIS 06-275 was not sufficient.
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OPG Response:
With respect to safety of the public and workers during operations, OPG’s response to part (a) of IR-EIS-06-275
(OPG 2012) described design redundancies that support public and worker safety. These included the following
systems that reduce the likelihood and consequences of accidents that could lead to release of radioactivity, or those
that threaten worker safety:





Electrical - Redundant electrical power sources, including backup emergency generator;
Hoist - Robust waste package hoist system;
Fire - Multiple options for fire suppression;
Flooding - Extra pump capacity.

It should be noted that there is no significant heat generation in the emplaced wastes, and therefore there is no need for
cooling systems. The design also includes features that, while not individually redundant, all contribute cumulatively to
public and worker safety during operations. For example, minimizing use of combustible materials underground to
reduce fire risk, and the installation of a blast-resistant closure plug when a panel has been filled.
With respect to safety of the public after closure, the key DGR safety functions are the isolation and containment of the
L&ILW (OPG 2011, p.480). These functions are addressed by a number of site, design and waste related features
(safety-related features), as identified in the Preliminary Safety Report (OPG 2011, p.480 and Table 14-3). These
features work simultaneously, and largely independently, to ensure overall long-term safety of the DGR for protection of
the public.
In the table below, these various safety-related features are listed. To illustrate the use of multiple approaches to the
provision of safety (and hence the incorporation of some redundancies), the table identifies how the features contribute
to meeting various safety-related requirements, which in turn help achieve the high-level safety functions of isolation and
containment.
Safety-related Requirement
Isolation from surface

Safety-related Features




Placement at depth of 680 m limits the likelihood of human intrusion, ensures
a thick surrounding layer of low permeability rock, and limits the impact of
surface and glacial events on the repository.
Site selection where there are no economic mineral or hydrocarbon
resources, which limits likelihood of intrusion.
Highly saline waters at repository horizon which ensures water wells are not
drilled near repository.
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Low permeability geosphere






Multiple low-permeability rock formations.
Large lateral extent of the rock formations.
Lack of transmissive vertical natural features through the rock.
Placement of repository within low-permeability limestone formation and
below a 200-m low-permeability shale caprock.

Minimize holes drilled through
geosphere





Shafts located in an islanded arrangement separate from waste panels.
Use of two-shaft design rather than three-shaft or ramp-based design.
Site characterization boreholes located at least 100 m outside of repository
footprint, or through the planned shaft locations.

Low permeability sealing of shafts
and boreholes



The extensive concrete monolith at the base of the shafts provides long-term
structural support for the shaft seals, it also helps delay water and gas flow
from shaft into repository (initially) and from repository into shaft (long term).
The shaft concrete liner and shaft rock highly-damaged zone are removed
before the shaft seals are installed, to provide a better shaft seal interface with
the rock.
The bentonite/sand mix in the shafts is the primary seal; it is a durable, natural
low-permeability material.
The asphalt mix is a secondary shaft seal that provides an independent, lowpermeability, self-sealing barrier to transport.
Seal materials selected in consideration of the chemical conditions and
salinity of the rock porewater.
The concrete bulkheads at the Guelph and Salina A1 levels isolate the
bentonite seal from flow in these units and provide structural support for the
seals.
Site characterization boreholes will be sealed with durable low-permeability
backfill when no longer needed.







Minimize gas pressure within
repository





Maximize mechanical stability of
repository openings




Low permeability host rock will limit availability of water needed for corrosion
reactions.
Limited water availability due to low permeability rock and metal corrosion,
plus salinity of groundwater, will discourage microbial activity and therefore
reduce the rate of microbial gas generation.
The waste emplacement rooms are not backfilled, providing space for holding
gas.
The site is seismically quiet.
The host rock is geomechanically competent.
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Minimize mobility of radionuclides








The waste emplacement rooms are aligned with the rock principal stresses.
The waste emplacement rooms are designed with thick rock pillars between
them (i.e, 16 m, or twice the room width).
The two panels are designed with a thick rock pillar between them (40 m).
The wide concrete monolith at the base of the shafts provides long-term
structural support for the shaft seals.
Low permeability host rock will limit the availability of water in the repository to
dissolve radionuclides.
Low permeability host rock will limit radionuclide mobility through the rock.
Low permeability seal will limit radionuclide mobility through the seals.
Underpressure in Ordovician rocks provides a convergent flow system that
will limit mobility through these rocks.
Guelph and Salina A1 Upper Carbonate are permeable formations that can
divert and retain gas or solutes migrating upwards from repository via
geosphere or shaft.
Chemical conditions limit mobility, including potential for sorption of some
contaminants on clay seals and geosphere.

References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
EIS 09-467

 Section 8.2, Site
Preparation and
Construction
 Section 11.4.7,
Atmosphere

Information Request:
Indicate what types of drilling equipment may be required for surface site preparation scenarios (grouting, freezing or
both) involving surface construction and early shaft sinking operations that may be needed to control potential
groundwater inflows. Describe the potential effects to air quality from the use of such specialized equipment.
Context:
The specific information requested in IR EIS 05-201 for surface air quality impacts resulting from use of surface drilling
equipment was not sufficient.
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OPG Response:
The type of drilling equipment that would be used for surface based ground treatment (grouting or freezing) was not
specifically identified in the air modeling. Air modeling was based on a very conservative fleet of equipment as
presented in OPG’s response to Information Request (IR) EIS-04-139 (OPG 2012) and did not take into account
construction schedule logic in the staging of specific equipment usage. Modeling included surface and underground
construction activities occurring at the same time and the fleet included drilling equipment as part of the shaft and lateral
development activities. In taking this conservative approach, equipment usage during different phases of the
construction cycle that have not been discretely modeled, and their effects, would be accounted for.
Ground treatment activities would be performed in advance of shaft excavation. The emissions presented in Table 1 of
OPG’s response to IR-EIS-04-139 would cover the impacts of the drilling equipment required for ground treatment as
there is equipment usage included for equipment that would not be operating until after the ground treatment is
completed. For example, diesel emissions generated by the drilling equipment is accounted for by modeled equipment
that would not operate concurrently (e.g., front end loader at the waste rock pile). Emissions from the physical drilling
activities are accounted for in the modeling of the jumbo drilling equipment. The effects of the ground treatment activities
would not be incremental to the daily emissions presented in Table 1 of OPG’s response to IR-EIS-04-139.
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste - Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)

EIS 09-468

 Section 10.2.1,
Economy
 Section 11.5.1,
Economy

Information Request:
Describe the plans/measures in place to provide opportunity and training for Aboriginal persons during all phases of the
DGR project.
Context:
The response to EIS 05-221 did not address this aspect of the IR.
OPG Response:
OPG’s First Nation and Métis Relations Policy (OPG 2012) ensures that all business units make provisions for
employment and business contracting opportunities.
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Recruitment
The estimated operating workforce for the DGR project is approximately 40 full-time equivalent positions. OPG
recruitment is primarily through external job postings on OPG’s career website mypowercareer.com, and well as local
papers. OPG’s on-line applicant tracking tool also has the capability to gather information on candidates who are from
the employment equity designated groups through a voluntary pre-screening question. In addition, OPG’s sourcing
campaign for any open positions can be targeted to certain employment equity designated groups to ensure we have an
inclusive talent pool. OPG is connected with support organizations in the province that assist with matching qualified
Aboriginal applicants to jobs. OPG welcomes and encourages members of designated employment equity groups.
Procurement
Construction workforce requirements during the site preparation and construction phase, and during peak years in the
decommissioning phase, range between 80 and 200 people. Workforce requirements during these phases will be filled
through contracting for services. The DGR procurement process will be guided by Supply Chain policies and
procedures. The objective is to manage the acquisition of goods and services in a manner that achieves the lowest total
cost of ownership, while matching the needs with marketplace capabilities.
At times, OPG assures economic benefits from selected projects through negotiated agreements with First Nations or
Métis communities. These are typically associated with large scale construction projects for hydro-electric developments
in northern Ontario.
For the DGR project, OPG has offered to work with local First Nations and Métis communities to develop mechanisms to
assure economic benefits through employment, training and business opportunities arising from the Project, and other
OPG activities in the area. These matters are under consideration by the local First Nations and Métis communities.
Reference:
OPG. 2012. First Nation and Métis Relations Policy. OPG Policy OPG-POL-0027.

EIS 09-469

 Section 10.2,
Socio-economic
Conditions
 Section 11.5,
Socio-economic
Effects

Information Request:
Explain whether goals for spin-off economic benefits such as targeting opportunities for small business, encouragement
of local manufacturing of DGR-related components, provision of training of local and regional mining personnel to create
nuclear workers, and provision of educational opportunities for both pre- and post-secondary level students, were
discussed and developed by OPG in collaboration with local and regional governments and other groups.
Context:
Section 7.10 of the EIS presents indirect and induced jobs resulting from the DGR.
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OPG Response:
The estimation of spin-off economic benefits to the community has been derived through an economic modeling
exercise. Key inputs to the model include employment, payroll, and goods and services expenditures. The output from
the economic model provides the estimated economic effects of constructing and operating the DGR on:




Project expenditures (payroll, goods and services);
Project-related employment (direct, indirect and induced); and
Employment-related economic activity in the community.

There is recognition by local and regional governments and other groups that the DGR Project will provide employment
opportunities during the construction and operation of the DGR, and will also provide opportunities for education and
training. In addition, the DGR Project should be of benefit to local businesses, suppliers and manufacturing. OPG
proposes to source supplies from local/regional sources when practical and consistent with OPG purchasing policies.
These could include aggregate resources; transportation/logistics; landscaping/maintenance; and construction
supplies/waste management to cite a few examples. Opportunities will also exist for other niche services and supplies to
be sourced locally.
However, specific goals for spin-off economic benefits have not been discussed or developed in collaboration with local
or regional governments, or with other groups.
EIS 09-470

 Section 10.1.4,
Terrestrial
Environment

Information Request:

 Section 11.4.1,
Geology and
Geomorphology

Context:

Provide the assessment of extractable organic compound concentrations relative to MOE criteria from soils sampled at
Site 28. Provide results of recommended further assessment work for soils at Sites 1 and 48.

The response to IR EIS 05-219 states that during Phase II Environmental Site Assessments investigations soil samples
were taken at sites within or near the proposed DGR Project Area. At Site #28 all TPH results were far below the MOE
Guideline criteria. Extractable organic compounds were also analyzed in these samples but no evaluations are provided.
It is also stated that further assessment work was recommended at Sites #1 and 48.
OPG Response:
Sites #1 (Former Construction Landfill), located within the DGR Project Site, and #28 (Waste Chemical Transfer Facility)
and #48 (Spent Solvent Treatment Facility), located outside the DGR Project Site, will not be disturbed during site
preparation and construction activities.
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The results of the soil analyses at Site #28 are provided in Attachment 1 (KINECTRICS 2000, Table 5.18-4).
Further assessment work on Sites #1 and #48 was recommended in the Phase II, Part I report (KINECTRICS 2000) to
assess potential impacts. CH2M Hill presented the results of further assessment conducted in 2001 of select sites
including Site #1 and Site #48. (CH2M HILL 2002). The site plan and results of the soil analyses at Site #1 are provided
in Attachment 1 (CH2M HILL 2002, Figure 5.1 and Tables 5.2 to 5.5).
Site #1 (Former Construction Landfill) (CH2M HILL 2002, Section 5.3)
Soil samples were submitted for laboratory analysis based on the recommendation of the Kinectrics Phase II (Part 1)
Environmental Site Assessment Report (KINECTRICS 2000). Kinectrics had identified soil concentrations exceeding the
MOE Guideline criteria (MOE 1997, Table B) for boron and copper at Site #1. No other soil exceedances were found in
the previous investigation. Sample analysis included:


Four soil samples, collected from or above the water table or from the native peat material were analyzed for
volatile organic compounds (VOCs), including benzene, toluene, ethylbenzene and xylenes (BTEX)
(Attachment 1, Table 5.2).



An additional three soil samples were analyzed for Total Petroleum Hydrocarbons (TPH) and BTEX parameters
(Attachment 1, Table 5.3).



Ten soil samples were submitted for metals analysis, from borehole and monitoring well locations. The samples
were collected from the sand fill at locations within the landfill where odour or staining was noted, and from
native soils at the north end of the landfill above the water table (Attachment 1, Table 5.4).



Six soils samples were submitted for anions analysis (Attachment 1, Table 5.5).

The results of the soil sample analyses indicated:


Levels of BTEX were detected slightly above the laboratory estimated quantitative limits (EQL) of 0.002 µg/L in
all samples analyzed for VOCs (Attachment 1, Table 5.2), but several orders of magnitude below the MOE
Guideline criteria. EQL is defined as the lowest concentration that can be reliably achieved within specified limits
of precision and accuracy during routine laboratory operating conditions (Jones and Clarke 2005). All BTEX
analyses results were below the EQL (0.02 µg/L) for the samples analyzed for TPH (Attachment 1, Table 5.3).



Trichloroethylene (TCE) was detected at the EQL in one sample (CL1 20 01) at a concentration of 0.002 µg/g.
All the detected VOCs were at concentrations well below the applicable MOE Guideline Table B criteria
(MOE 1997).



BTEX parameters were not detected at laboratory EQLs and therefore met the applicable Table B criteria.
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Metal concentrations were below the applicable soil criteria (coarse-textured soils in an industrial land use, with
non-potable groundwater situation) for all samples analyzed.



One soil sample collected from the sand fill contained a chloride concentration of 26 µg/g compared to
concentrations of 3 to 7 µg/g in native till. Criteria for anion concentrations in soil were not provided in the
Guideline therefore the sample results were compared to the results for the native till samples, which had
relatively low anion concentrations.

The site plans and results of the soil analyses at Site #48 are provided in Attachment 1 (CH2M HILL 2002, Figures 11.1
and 11.3, Tables 11.2 and 11.3).
Site #48 (Spent Solvent Treatment Facility) (CH2M HILL 2002, Section 11.3)
The sampling program for Site #48 included:



One soil sample at each of four sampling locations was submitted for analysis of VOCs (Attachment 1,
Table 11.2).
Five soil samples were selected for analysis of metals, one from each location and a field duplicate
(Attachment 1, Table 11.3).

The results of the monitoring program indicated:






All four samples had soil concentrations above the EQL of the laboratory for BTEX (0.002 µg/g) but several
orders of magnitude below the MOE Guideline criteria.
One sample also had detectable concentrations of tirchlorethene.
All analyzed soil samples had concentrations well below the applicable MOE Guideline Table B criteria.
Detectable concentrations were not present in the analyzed soil samples for silver, beryllium, molybdenum, or
lead.
Metals concentrations were well below the applicable soil criteria for all samples analyzed.

CH2M HILL (2002, Section 13) concluded that no visual indication of contamination was noted at the sampling locations.
The fill material and native soils at the borehole and monitoring well locations were not found to be impacted with metals
or VOCs. The detected concentrations were below the applicable MOE Guideline Table B criteria and therefore met the
criteria for VOCs.
References:
CH2M HILL. 2002. Final Report: Phase II (Part 2) Environmental Site Assessment (ESA) Eight Subject Sites, Bruce
Nuclear Power Development.
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Jones, R.P. and J.U. Clarke. 2005. Analytical Chemistry Detection Limits and the Evaluation of Dredged Sediment.
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OPG RESPONSE TO IR-EIS-09-470
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PROJECT No. 120531.TI.Ol

BRUCE NUCLEAR POWER DEVELOPMENT

FIGURE 5-1
SITE #1: FORMER CONSTRUCTION LANDFILL # 1
GEOLOGICAL CROSS SECTION LOCATION (A-A')

Table

5.2

Bruce Power Phase n ESA
Fonner Construction Landfill #1 (CLl . Site #1)
Soil Analytical Results

Volatile Organic Compounds
CL1-20-01

CL1-21-01

SAMPLE DEPTH (mbgs)

0.0-0.61

229 - 2.90

DATE

18-Jul-Q1

18-Jul-Q1

0.005

nd

nd

0.002

nd

nd

(0.38) 0.061

0.005

nd

nd

Chloroethane

NY

0.005

nd

nd

T nchloroßuoromethane

NV

0.005

nd

nd

Acetone
1,1-Dichloroethene

3.8

0.100

nd

nd

(0.015) 0.0024

0.002

nd

nd

(200) 140

0.020

nd

nd

4.1

0.002

nd

nd

(410)210

0.002

nd

nd

0.002

nd

nd

38

0.025

nd

nd

SAMPLE IDENTlACATlON

SAMPLE

MOE GUIDEUNE i

EQL

PARAMETERS

Chloromethane
Vinyl Chlonde

Bromomethane

Dichloromethane (Metliylene ChIoiide)

trans.l,2.Díchloroethene
Methyl-t.Butyl Ether

1,l.Dichloroethane
Methyl Ethyl Ketone
cis-l,2-Dichloroethene
Chlorofonn

l,2-Dichloroethane

l,l,l.Tnchloroethane
Carbon Tetrachlonde
Benzene

l,2-Dichloropropane
Tnchloroethene (Tri::liIoroe1hy1ene)

NV
(0.0075) 0.003

(140)22

2.3

0.002

nd

nd

(4.9)0.79

0.002

nd

nd

(0.14) 0.022

0.002

nd

nd

(34)26

0.002

nd

nd

(0.64)0.10

0.002

nd

nd

(25) 5.3

0.002

0.017

0.004

(0.12) 0.019

0.002

nd

nd

0.45

0.002

0.002

nd

Bromodichloromethane

25

0.002

nd

nd

cis-l,3-Dichloropropene

(0.041) 0.0066

0.002

nd

nd

(69)58

0.025

nd

nd

(0.041) 0.0066

0.002

nd

nd

3.1

0.002

nd

0.002

Methyl Isobutyl Ketone (MIBK)

trans-l,3.Dichloropropene
1,1,2- T nchloroethane

Toluene

2.Hexanone
Dibromochloromethane
1 ,2.Dibromoethane (Ethylene dliromide)
Tetrachloroethene (Peichlotoethylene!Tetiach1oroethyiene)

1,1,1,2- Tetrachloroethane

Chlorobenzene

nd

NV

0.025

0.032
nd

18

0.002

nd

nd

(0.02) 0.0056

0.002

nd

nd

0.45

0.002

nd

nd

(0.12) 0.019

0.002

nd

nd

(30)8.0

0.002

nd

nd

(150)34

0.011
nd

Ethylbenzene

(1000)290

0.002

0.014

0.004

Total Xylenes

(210)34

0.004

0.017

0.005

Bromofonn

(14)2.3

0.002

nd

nd

Styrene
1,1,2,2-Tetrachloroethane

(7.7) 1.2

0.002

nd

nd

(0.23) 0.037

0.002

nd

nd

30
30
30

0.002

nd

nd

0.002

nd

nd

0.002

nd

nd

1,3-Dichlorobenzene

1,4.Dichlorobenzene
1,2-Dichlorobenzene
NOTES:
Results in ¡.igIg (ppm)

EQL - Laboratory Estimated Quantitation Limit
nd . Not Detected above EQL
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in

Ontano, - Table B Cntena-lndustnaVCommercial Land Use in a NonPotable Groundwater Situation.
( ) Values in brackets applies to medium and fine textured soils.
mgbs . metres below ground sunace

NV - No Guideline Value Established
Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's - 120531

CL 1 - Vocs - Soil.
xis

l.
i

TableS.2
Bruce Power Phase n ESA
Former Construction Landfill #1 (CLl - Site #1)
Soil Analytical Results
Volatile Organic Compounds

CL1-22-01

CLl-25-01

1.52 - 2.13

2.29 -2.90

18-Jul-oi

19-Jul-oi

0.005

nd

nd

0.002

nd

nd

(0.38) 0.061

0.005

nd

nd

NV

0.005

nd

nd

Trichloroftuoromethane

NV

0.005

nd

nd

Acetone

3.8

0.100

nd

nd

(0.015) 0.0024

0.002

nd

nd

(200) 140

0.020

nd

nd

0.002

nd

nd

0.002

nd

nd

0.002

nd

nd

SAMPLE IDENTIACATION

MOE GUIDELINE 1

EQl

SAMPLE DEPTH (mbgs)
SAMPLE

DATE

PARAMETERS
ChloromeUiane
Vinyl Chloride
BromomeUiane
ChloroeUiane

l,l-Dichloroethene
Dichloromelhane (Metliylene Chloride)

tians-l,2-Dichlorcelhene
MeUiyl+Butyl EUier

1,1-Dichloroethane

NV
(0.0075) 0.003

4.1

(410)210
(140)22

MeUiyl EUiyl Ketone

38

0.025

nd

nd

cis-l,2-DichloroeUiene

2.3

0.002

nd

nd

(4.9)0.79

0.002

nd

nd

(0.14) 0.022

0.002

nd

nd

0.002

nd

nd

0.002

nd

0.002

0.004

0.002

Chloroform

l,2-Dichlorcethane
1,1,1- Trichloroethane
Carbon Tetrachloride
Benzene

l,2-Dichloropropane
Trichloroethene (Tri:hIoroethylene)

Bromodichloromethane
cis-l,3-Dichloropropene

MeUiyllsobutyl Ketone (MIBK)

tians-l,3-Dichloropropene
1,1,2- Trichloroethane

Toluene

(34)26
(0.64)0.10
(25)5.3

nd
0.004

(0.12) 0.019
0.45

nd
nd

nd

0.002

25

0.002

nd

nd

0.002

nd

nd

0.025

nd

nd

0.002

nd

nd

3.1

0.002

nd

nd

(150) 34

0.002

0.009

0.009

(0.041) 0.0066

(69)58
(0.041) 0.0066

nd

2-Hexanone

NV

0.025

nd

nd

DibromochloromeUiane

18

0.002

nd

nd

(0.02) 0.0056
0.45

0.002

nd

nd

0.002

nd

nd

1,1,1,2-Tetrachloroethane

(0.12) 0.019

0.002

nd

nd

Chlorobenzene
Ethylbenzene

(30)8.0
(1000)290

0.002

nd

nd

0.002

0.003

0.003

(210)34

0.004

0.004

0.004

Bromoform

(14)2.3

0.002

nd

nd

Styrene

(7.7) 1.2

0.002

nd

nd

0.002

nd

nd

nd

nd

1 ,2-DibromoeUiane (Ethylene diblOmide)
TetiachlorceUiene (Peichloroethylene!Tetiachlofoetliylene)

Total Xylenes

1,1,2,2- Tetiachlorcethane

(0.23) 0.037

1,3-Dichlorobenzene

30

0.002

l,4-Dichlorobenzene

30
30

0.002

nd

nd

0.002

nd

nd

1,2-Dichlorobenzene
NOTES:
Results in Vg/g (ppm)
EQL - Laboratory Estimated Quantitation Umit

nd - Not Detected above EQl
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in

Ontario, - Table B Criteria-lndustñaVCommercial Land Use in a Non Potable Groundwater Situation.

( ) Values in biackets applies to medium and fine textured soils.
rngbs - metres below ground sunace
NV - No Guideline Value Established

Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's -120531

xis
CL 1 - Vocs - Soil.

Table
Ta. 5.3
5.3

Bruce Power Phase II ESA
Former Construction Landfill #1 (CLI . Site #1)
Soil Analytical Results

Total Petroleum Hydrocarbons
Sample Identification

Sampling Depth

Interval (mbgs)

Sampling
Date

MOE 1997 Guideline

CL11802
CL11902
CL12401

TPH. Gas/Diesel

Benzene

Toluene

Ethylbenzene

Xylenes

(2000) 1000

(25) 5.3

(150) 34

(1000) 290

(210) 34

2.29 - 2.90

11-Jul-2001

-::0.02

-::0.02

11-Jul-2001

270
30

-::0.02

3.81-4.11

-::0.02

-::0.02

-::0.02

-::0.04
-::0.04

4,88 - 5.03

12-Jul-2001

-::10

-::0.02

-::0.02

-::0.02

-::0.04

NQIES;,

All results reported in iig/g (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario,
Table B Criteria for an industrial/commercial

land

use in a non-potable

groundwater situation
-:: - Less Than

( ) Value in brackets applies to medium and fine textured soils.

mgbs - metres below ground surface
Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's . 120531

CL 1 - TPH - Soil.xls

Table
Ta. 5.4
j.4

Bruce Power Phase II ESA
Former Construction Landfill #1 (CLl . Site #1)
Soil Analytical Results

Metals
Sample Identification

Sampling Depth

Interval (mbgs)

Sampling
Date

MOE 1997 Guideline

0.76 -1.37
0.76 -1.27

Cl11401
Cl11501
CLl1601

16.Jul.2001
16-Jul-2001

1.52 - 2.13

16-Jul-2001

7.62 - 8.08
1.52 - 1.93

13-Jul-2001
11-Jul-2001

CL11802
CLl1901
Cl1 2302

2.29 - 2.90

ll-Jul.2001
ll-Jul-2001

CLL 2401

4.88 - 5.03

13.Jul-2001
12-Jul.2001

CLL 2402

6.10 - 6.45

12-Jul-2001

CL 11701

Cl11801

4.57 - 4.82
6.10 - 6.55

Total

Mercury

Arsenic

Barium

Beryllium

Calcium

Cadmium

Cobalt

NV

(2000) 1500

1.2

NV

12

(100) 80

d/.o::1

733017030

8120

0.3/0.3
0.3
0.4

,,0.5-:/0.5
,,0.5

5/5

,,1

30/29
35
52

53
24

0.3
,,0.2

21
11

,,0.2
,,0.2

23
24
26

,,0.2
0.2
,,0.2

Sliver

10

(50) 40

0.02/0.02
0.02
0.02

2.1/2.1

0.05
0.12
0.04
0.03

3.0

d
d

1.8

,,1

1.5

"1

1.1

,,1

0.03
0.03
0.04

1.4

,,1

1.5

,,1

2.0

,,1

3.0
1.9

(50) 40

Aluminum

10800

8070
4970
4950
2390
4660
5860
5330

108000/108000
99800

,,0.5

7

91000
98200
96300
175000
108000
103000
103000

0.5
,,0.5

4

,,0.5
,,0.5
,,0.5
,,0.5
,,0.5

NQIES.;

All results reported in ¡.tg/g (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, Table B

Criteria for industrial/commercial in a non-potable groundwater situation.

,,- less Than
3.4/3.4 sample resulV laboratory replicate
NV - No Guideline Value Established

( ) Value in brackets applies to medium and fine textured soils
mbgs - metres below ground surface
Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's . 120531

5

112000

CL 1 - metals. Soil.xls

2
2

,,2
2
3
3

,-;-".-

Table
Ta, 5.4
3.4

Bruce Power Phase II ESA
Former Construction Landfill #1 (CL1 . Site #1)
Soil Analytical Results
Metals

;

Sample Identification

Samplln,g Depth
Interval (mbgs)

Sampling
Date

MOE 1997 Guideline i

Chromium

Copper

Iron

Potassium

Magnesium

Manganese

Molybdenum

Sodium

Nickel

(1000)750

(300) 225

NV

NV

NV

NV

40

NV

(200) 150

12800/12600
16900
17100
14000
7720
7860
3820
8060
9360
8340

1730/1710
1760
2900
1310
913
867
428

32300/32200
32300
33600
32800
42900
41800
98200

436/432
375

-:31-:3

431

419
323
336
146

16-Jul.2001

13/13

17/16

16.Jul.2001
16.Jul-2001

14

17

17

20

13-Jul.2001
11-Jul-2001

47
8

145

11-Jul.2001

9

11

11.Jul.2001
13-Jul-2001

6

10

CL1 2302

0.76.1.37
0.76.1.27
1.52.2.13
7.62.8.08
1.52.1.93
2.29.2.90
4.57.4.82
6.10.6.55

8

12

CL1 2401

4.88 - 5.03

12.Jul.2001

10

12

CL12402

6.10 - 6.45

12-Jul.2001

9

11

CL11401
CL11501
CL11601
CL11701
CL11801
CL11802
CL11901

12

946
1260
1020

187/177

11112

14

-:3

198
239

3

221

32

-:3

133

6

-:3

7

-:3

156
156

-:3

17

4

46500

284

-:3

159

6

41300
45400

357

-:3

156

9

276

-:3

149

7

MOI£S.:.

All results reported in f.l.g1g (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, Table B

Criteria for industriaVcommercial in a non-potable groundwater situation.

-:. Less Than
3.4/3.4 sample result! laboratory replicate
NV . No Guideline Value Established
( ) Value in brackets applies to medium and fine textured soils
mbgs . metres below ground surface

Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's - 120531

CL 1 - metals. Soil.xls

Table
5.4
Ta 5.4

Bruce Power Phase II ESA
Former Construction Landfill #1 (CLI . Site #1)
Soil Analytical Results

Metals
Sample Identification

Sampling Depth

Interval (mbgs)

Sampling
Date

MOE 1997 Guideline

CL11401
CL11501
CL11601
CL117 01

CL11801
CL11802

Cll1901
CLL 2302

CL12401
CL12402

0.76.1.37
0.76.1.27
1.52.2.13
7.62.8.08
1.52.1.93
2.29.2.90
4.57.4.82
6.10.6.55
4.88.5.03
6.10.6.45

16.Jul.2001
16.Jul.2001
16.Jul.200 1

13.Jul.2001
11.Jul.2001
11.Jul.2001

11.Jul.2001
13.Jul.2001
12.Jul.2001
12.Jul.2001

Phosphorus

Lead

Strontium

Titanium

Vanadium

Zinc

NY

1000

NY

NY

(250) 200

(800) 600

476/462
519
508
427
399
404
229
384
393
420

0:.5/0:.5

145/143
120

186/161

16/15

27/26

0:.5

146

16

31

0:.5

139

229

20

51

978
90.7
81.3

236
178
206

18

387
412

74

9

153

12

36
207
43
28
23
28

0:.5

158

176

13

24

8

398

163

14

31

0:.5
0:.5
0:.5
0:.5

13

13

NOlES;,

All results reported in J..lglg (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario. Table B

Criteria for industriaVcommercial in a non.potable groundwater situation.
0:.. Less Than

3.4/3.4 sample resulV laboratory replicate

NV. No Guideline Value Established
( ) Value in brackets applies to medium and line textured soils
mbgs . metres below ground surface
Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's. 120531

CL 1 . metals. Soil.xls

Table
5.5
Ta ¡.S
Bruce Power Phase II ESA
Former Construction Landfill #1 (CLl- Site #1)
Soil Analytical Results
Ainons

Sampling
Date

Sample Identification

Sampling
Depth (mbgs)

MOE 1997 Guideline

CLl1401

16-Jul.2001

CL1 2002

18.Jul.2001
18.Jul.2001

CL1 21 01

18.Jul.2001
13.Jul.2001

CLl 22 01

CL12301
CLl 2501

19.Jul.2001

0.76.1.37
0.76.1.37
2.29.2.90
1.52.2.13
3.05.3.45
2.29.2.90

Fluoride

Chloride

Nitrite

Nitrate

Phosphate

SUIDhate

NV

NV

NV

NV

NV

NV

NV

Bromide

5

10

-:2

-:5

-:2

-: 10

11

11

6
6

-:1
-:1

-:5
-:5

354

6

3

-:1

-:2
-:2
-:2

102

5

-:1
-:1

-:1

-: 5

281

5

26

-:2

-:5

-:2

-: 10

46

5

7

-:1

-:2

-:1

-:5

339

l:lQIES;.

All resulls reported in ¡.ig/g (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, Table B Criteria for
industriaVcommercial in a nonpotable

groundwater situation

-:. Less Than
NV . No Guideline Value Established
mbgs. metres below ground surface
( ) values in brackets applies to medium and fine textured soils
Samples analyzed by Philip Analytical Services Corporation in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's . 120531

eii . Anions - Soil.xls
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Table 11.2

Bruce Power Phase II ESA

Former Spent Solvent Facility (SSF . Site #48)
Soil Analytical Results
Volatile Organic Compounds

;''''

SAMPLE IDENTIACAnON

MOE GUIOEUNE 1

EOL

SAMPLE

SSF802
2.29 -2.44

SAMPLE DEPTH (mbgs)

31-Jul-Ol

DATE

SSF 902

SSF 11 01

1.52-1.68

1.52 -1.80

31-Jul-Ol

31-Jul-Ol

PARAMETERS
Chloromethane

NV

0.005

nd

nd

nd

Vinyl Chloride

(0.0075) 0.003

0.002

nd

nd

nd

Bromomethane

(0.38) 0.061

0.005

nd

nd

nd

ChIoroethane

NV

0.005

nd

nd

nd

T richIorolluoromethane

NV

0.005

nd

nd

nd

Acetone

3.8

0.100

nd

nd

nd

0.002

nd

nd

nd

0.010

nd

nd

nd

4.1

0.002

nd

nd

nd

Methyl-t-Butyl Ether

(410) 120

0.002

nd

nd

nd

l,l-Dichloroethane

(140)22

0.002

nd

nd

nd

Methyl Ethyl Ketone (MEK)

38

0.025

nd

nd

nd

c1s-1,2-0ichloroethene (c1s-1,2-Dichloroethylene)

2.3

0.002

nd

nd

nd

(4.9)0.79

0.002

nd

nd

nd

l,2-Dichloroethane

(0.14) 0.022

0.002

nd

nd

nd

1.1,l-Trichloroethane

0.002

nd

nd

nd

0.002

nd

nd

nd

Benzene

(34)26
(0.64)0.10
(25)5.3

0.002

0.005

0.004

0.004

l,2-Dichloropropane

(0.12) 0.019

0.002

nd

nd

nd

nd

0.002

nd

l,l.Dichloroethene (l,l-Dichloroethylene)
Dichloromethane (Methylene Chloride)

trans-l,2-DichJoroethene (trans-l ,2-Dichloroethylene)

Chloroform

Carbon Tetrachloride

(0.015) 0,0024
(200) 140

(3.9) 1.1

0.002

Bromodichloromethane

25

0.002

nd

nd

nd

cis-l,3-0ichloropropene

(0.041) 0.0066

0.002

nd

nd

nd

(69)58

0.025

nd

nd

nd

(0.041) 0.0066

0.002

nd

nd

nd

3.1

0.002

nd

nd

nd

(150)34

0.002

0.012

0.010

2.Hexanone

NV

0.025

nd

nd

0.010
nd

Dibromochloromethane

18

0.002

nd

nd

nd

(0.02) 0.0056

0.002

nd

nd

nd

0.45

0.002

nd

nd

nd

0.002

nd

nd

nd

(30)8.0

0.002

nd

nd

nd

(1000)290

0.002

0.005

0.004

0.004

T richloroethene (Trichloroethylene)

Methyl Isobutyl Ketone (MIBK)

trans-l,3-0ichloropropene
1.1,2-Trichloroethane

Toluene

1,2-Dibromoethane (Ethylene dibromide)
Tetrachloroelhene (PerchloroethyieneIT etrachloroethylene)

1,1,1,2- Tetrachloroethane

Chlorobenzene
Ethylbenzene

(0.12) 0.019

Bromoform

(14)2.3

0.002

nd

nd

nd

Styrene

(7.7) 1.2

0.002

nd

nd

nd

(0.23) 0.037

0.002

nd

nd

(210) 34

0.002

0.008

1,1,2,2- Tetrachloroethane

Total Xylenes

0.005

nd
0.004

1,3-Dichlorobenzene

.30

0.002

nd

nd

nd

l,4-Dichlorobenzene

30

0.002

nd

nd

nd

l,2-Dichlorobenzene

30

0.002

nd

nd

nd

l:IQI.ES;

mbgs -Metres below ground surface
Results in ¡ig/g (ppm)

EOL - Laboratory Estimated Ouantitation Um~

nd - Not Detected above EOL

i MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, - Table B Criteria for an
induslriaVcommerciaJlanduse in a non-potable groundwater situation
NV - No Guideline Value Established

ncVnd - sample resultllaboratory replicate
() criterion value in brackets applies to medium and fine textured soils

Samples analyzed by Philip Analytical services Corporation, in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's. 120531

SSF - VOCS - Soil.xls

Table n.2
Bruce Power Phase II ESA
Fonner Spent Solvent Facility (SSF - Site #48)
Soil Analytical Results
Volatile Organic Compounds

SAMPLE IDENTIFICATION

MOE GUIDEUNE 1

EOL

SAMPLE

SSF 1002
4.57 - 4.88

SAMPLE DEPTH (mbgs)

31-Jul-01

DATE

PARAMETERS
Chloromethane
Vinyl Chionde

0.005

nd'nd

(0.0075) 0.003

0.002

ndlnd

NY

(0.38) 0.061

0.005

ndlnd

Chloroelhane

NY

0.005

ndlnd

T richlorofluoromethane

NY

;0.100

ndlnd

AcetOlle

3.8

0.100

ndlnd

(0.015) 0.0024

0.002

ndlnd

(200) 140

0.060

ndlnd

4.1

0.002

ndlnd

Melhyl+ButyI Ellier

(410) 120

0.002

nd'nd

l,1-Dichloroethane

(140)22

0.002

ndlnd

Melhyl Elhyl KetOlle (MEK)

38

0.025

ndlnd

cis-1,2-Dichloroelliene (cis-1,2-Dichloroelhylene)

2.3

0.002

ndlnd

Bromomethane

l,l-Dichloroelhene (1, 1-Dichloroelhylene)
Dichloromelhane (Melhylene Chloride)

trans-1,2-Dichloroetliene (trans.l,2-Dichloroelhylene)

(4.9)0.79

0.002

ndlnd

(0.14) 0.022

0.002

ndlnd

0.002

ndlnd

Benzene

(34)26
(0.64)0.10
(25)5.3

l,2-Dichloropropane

Chloroform
1,2-Dichloroelhane

l,l,l-Trichloroelhane

0.002

ndlnd

0.002

0.002I0.CXL4

(0.12) 0.019

0.002

ndlnd

0.002

ndlnd

Bromodichloromelhane

(3.9)1.1
25

0.002

ndlnd

cis-1.3-Dlchloropropene

(0.041) 0.0066

0.002

nd'nd

(69)58

0.025

nd'nd

(0.041) 0.0066

0.002

nd'nd

3.1

0.002

(150)34

0.002

Caibon Tetrachloride

T richloroelhene (T richloroelhylene)

Melhyl Isobutyl Ketone (MIBK)

trans-1,3-Dichloropropene
1,1,2- T richloroelhane

Toluene

nd'nd
0.007/0.008

2-Hexanone

NY

0.025

nd'nd

Dibrornochloromelhane

18

0.002

ndlnd

(0.02) 0.0056

0.002

nd'nd

0.45

0.002

nd'nd

(0.12) 0.019

0.002

nd'nd

(30)8.0

0.002

nd'nd

(1000)290

0.002

0.00310.003

l,2-Dibrornoelhane (Ethylene diiromide)
Tetrachloroelhene (PerchloroethylenefT etrachloroethylene)

1,1 ,1,2- Tetrachloroelhane

Chlorobenzene
Elhylbenzene
Bromoform

(14)2.3

0.002

Styrene

(7.7) 1.2

0.002

ndlnd

(0.23) 0.037

0.002

nd'nd

1,1,2,2- Tetrachloroelhane

ndlnd

(210)34

0.002

1,3-Dichlorobenzene

30

0.002

nd'nd

1 A-Dichlorobenzene

30

0.002

nd'nd

l,2-Dichlorobenzene

30

0.002

nd'nd

Total Xylenes

0.00310.003

MOlES;

mbgs -Metres below ground surface
Results in ¡igIg (ppm)

EOL . Laboratory Estimated OuantitatiOll Umit
nd - Not Detected above EOL
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario. - Table B Criteria for an
industriaVcommerciallanduse in a non-potable groundwater situation
NV. No Guideline Value Established

nd'nd . sample resulVlaboratory replicate
() CrileriOll value in brackets applies to medium and fine textured soils
Samples analyzed by Philip Analytical Services CorporatiOll, in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's. 120531

SSF - VOCS - Soil.x1s

Table 11.3

Bruce Power Phase II ESA
Former Spent Solvent Facility (SSF . Site #48)
SoU Analytical Results
Metals

Sample ldenllflcation

Sampling Depth

Interval (mbgs)

Sampling
Date

MOE 1997 Guideline

Total

Arsenic

Sliver

Total
Aluminum

Barium

Beryllium

Calcium

Cadmium

Cobalt

Chromium

(50)40

(50)40

NV

12000\ 1500

1.2

NV

12

(100\ 80

/1000) 750

31.Jul-oi
31.Jul-oi

1.811.8

~ 1I~0.1

4360/4250

26/23

~ 0.2/~0.2

1170001113000

~ 0.5.kO.5

2/3

11/8

1.8

~1

4250

23

8

1

~ 1

2870

13

~2

6

31.Jul.Ol

1.4

~ 1

2930

12

~2

6

SSF 1102

2.29.2.44

31.Jul.Ol

1.7

~ 1

3350

14

~0.5
~0.5
~0.5
~0.5

3

31.Jul-oi

~0.2
~0.2
~0.2
~0.2

113000

SSF 1001

0.0.0.45
0.0.0.45
0.76.0.91
1.52.1.68

~2

7

SSF801
SSF 80 01

SSF901

115000
110000
113000

llQIE.S;,

mbgs .metres below ground surface
Results In f.lglg (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, Table B Criteria for

IndustriaVcommerciai in a non-potable groundwater situation
~. Less than
NV . No Guideline Value Established

() criterion value In brackets applies to medium and fined textured soils
Samples analyzed by Philip Analytical Services Corporation, in Mississauga

Reference: CH2M HILL 2002

Bruce ESA's. 120531

SSF - metals. Soil.xls

Table 11.3

Bruce Power Phase II ESA
Former Spent Solvent Facility (SSF - Site #48)
Soil Analytical Results
Metals

Sample Identification

Sampling Depth

Interval (mbgs)

Sampling
Date

MOE 1997 Guideline'

SSF801
SSF 80 01

SSF901
SSF 10 01

SSF 1102

Copper

Iron

Potassium

Magnesium

Manganese

Molybdenum

Sodium

Nickel

Phosphorus

(300)225

NV

NV

NV

NV

40

NV

12001150

NV

349/339

( 3/(3
(3

238/227

9/8

377/370

227

8

370

(3
(3

187

4

316

172

4

368

152

5

384

0.0- 0.45

31-Jul-01

19/16

8410/8540

1050/944

0.0.0.45
0.76.0.91
1.52.1.68

31.Jul-01

16

8540

944

39300

339

31.Jul-01

11

6550

820

38000

268

31-Jul.01

8

6770

781

35800

285

2.29 -2.44

31-Jul-01

10

8180

845

36400

326

42400139300

d

tlQIES.;

mbgs .metres below ground sunace
Results In I-lglg (ppm)
i MOE Revised 1997 Guideline lor Use at Contaminated Sites in Ontano, Table B Criteria lor

IndustnaVcommerclal in a non.potable groundwater situation
(. Less than

NV . No Guideline Value Established
() cntenon value In brackets applies to medium and fined textured soils
Samples analyzed by Philip Analytical Services Corporation, In Misslssauga

Reference: CH2M HILL 2002

Bruce ESA's . 120531

SSF . metals - Soil

xis

Table 11.3

Bruce Power Phase II ESA
Former Spent Solvent Facility (SSF . Site #48)
Soil Analytical Results

Metals
Sample Identification

Sampling Depth

Sampling

Interval (mbgs)

Date

MOE 1997 Guideline 1

Lead

Strontium

Titanium

1000

NV

NV

12501200

18001600

Vanadium

Zinc

0.0.0.45
0.0.0.45

31-Jul.Ol

(5/( 5

1081111

219/192

12/11

24/25

SSF 80 01

31-Jul-Ol

111

192

11

25

SSF901

0.76 -0.91

31-Jul.Ol

(5
(5

193

9

15

SSF 10 01

1.52 -1.68

31-Julo01

d

89.9
89.2

199

9

13

SSF 1102

2.29.2.44

31-Julo01

(5

95.4

174

10

14

SSF 8 01

MQIfS:

mbgs .metres below ground surtace
Results in ",gig (ppm)
1 MOE Revised 1997 Guideline for Use at Contaminated Sites in Ontario, Table B Criteria for
industriaVcommercial in a non-potable groundwater situation
(. Less than

NV . No Guideline Value Established
o criterion value In brackets applies to medium and fined textured soils
Samples analyzed by Philip Analytical Services Corporation, in Mlsslssauga

Reference: CH2M HILL 2002

Bruce ESA's -120531

SSF . metals. Soil.xls

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS 09-471

EIS Guidelines
Section
 Section 11.1,
Effects Prediction

Information Request and Response

Information Request:
Provide contour maps (using 50 cm intervals) with supporting tables showing areas in the catchment for the North
Railway Ditch and Stream C where ground surface conditions (in terms of potential for infiltration), topography, and
subsequent runoff coefficients may vary relative to the current baseline conditions. The maps should be prepared for the
site preparation, construction and operation phases.
The tables are to include volumes and depths of materials removed from each sub-catchment during site preparation
and construction. Indicate on the maps for site preparation and construction where temporary sediment controls will be
implemented.
Context:
The response to EIS-05-190 claims that calculations based on drainage area, rainfall depth and a runoff coefficient are
adequate for the purpose, and that loading of constituents of concern (COC) is linearly proportional to drainage area –
therefore a decrease in drainage area will produce the same percentage reduction in both flow and load of COC.
However, surface conditions would change during site preparation and construction, and again once operations begin.
Therefore, more information is required with respect to whether there may be measurable changes in the degree of
runoff versus infiltration (and hence changes in runoff coefficients) in the catchment during different phases of the DGR
Project.
Furthermore, there may be significant differences among project phases with respect to the total catchment area,
depending on the nature and extent of construction activities. A more refined understanding of the potential for changes
in flow and loads of COC will assist in the planning of phase-specific mitigation.
OPG Response:
Contour maps (using 50 cm intervals) are provided for the existing condition along the North Railway Ditch (“DGR Site
50 centimetre Topographic Contours”), and the Project Site following site grading for the site preparation, construction
and operations phases (“Preliminary LILW DGR Topography”). The enclosed “Preliminary LILW DGR Topography” map
shows the portion of the Stream ‘C’ catchment area referenced in Information Request (IR) EIS-05-190 that will be
diverted as a result of the site preparation, construction and operations of the DGR. The Stream ‘C’ catchment area is
shown in its entirety on Figure 5.4.2-1 of the Hydrology and Surface Water Quality Technical Support Document (TSD)
(GOLDER 2011). The portion of the Stream ‘C’ catchment area shown on “Preliminary LILW DGR Topography” reflects
the area included in calculations supporting the EIS. Figure 7.2.1-1 of the Hydrology and Surface Water Quality TSD
(GOLDER 2011) did not distinguish the catchment area in the southwest corner of the site.
At the start of field activities, the DGR project site will be fenced to control access, and silt curtains installed on the
project side (or working side) of the fence line. The primary function of this silt curtain will be to contain any sediment
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Information Request and Response
runoff from the project site to the existing ditch system that surrounds the site, which includes the North Railway Ditch.
The site stormwater management ditch system and the stormwater management pond will be constructed as part of the
site preparation phase. Currently, the design takes into account the natural topography around the perimeter of the site
for the drainage ditch system (i.e., the ditch system will accommodate the existing surface topography and will vary
slightly in width and depth while maintaining the required ditch slope angles and minimum depth requirement of 1m
below natural ground). The ditch system, as constructed during site preparation, remains in-place through construction
and operations and into facility decommissioning and closure. There is a limited amount of cut-and-fill associated with
the establishment of the ditch system, therefore cut and fill volumes are estimated to be minimal, and a table is not
attached.
As the ditches of the stormwater management system are positioned along the perimeter of the site, there will be
minimal suspended solids along the project perimeter once the ditches are constructed. Berming and vegetation will be
used to minimize the amount of suspended solids entering the stormwater ditches and pond.
The site will be graded to direct all precipitation collected on the site to the ditch system and to the stormwater
management pond. The project will minimize the disturbance to the natural vegetation on the site in the areas not
identified for buildings, access, equipment/materials storage and waste rock storage. Additional effort will be placed on
the revegetation of berms, embankments and areas that will not be used for laydown of equipment. Post construction,
laydown areas will be cleared, cleaned and revegetated. These actions all contribute to minimizing the amount of
sediment entering the site drainage ditch system.
As described above, OPG’s response to IR-EIS-05-190 (OPG 2012) stated;
“Runoff volume (i.e., flow) was calculated as [Drainage Area] × [Runoff Coefficient] × [Precipitation]. Considering
runoff volumes from the North Railway Ditch to Stream C, for example, the only parameter that will change
between calculations from the existing conditions as a result of the DGR Project (i.e., post drainage diversion) is
drainage area. The runoff coefficient would remain constant for the existing and future conditions since the land
use, topography and soil conditions are generally consistent throughout this drainage area for both the existing
and future conditions. Furthermore, the precipitation value (measured in mm) is not expected to change between
existing and future conditions as a result of the DGR Project. Therefore, when calculating the change in runoff
volume, uncertainty can be mostly attributed to the drainage areas calculated for the existing and future cases.”
With the exception of the southwest corner of the site where the surface conditions will be paved during the operations
phase to support Zone 2 radiological requirements (refer to OPG’s response to IR-EIS-08-352 (OPG 2013)), the surface
conditions will not vary significantly from that of in-situ conditions with the exception of grading and removal of vegetation
as required.
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References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry Doc#
299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS 09-472

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a detailed explanation for how rapid deployment of water treatment will be accomplished in the event that
treatment is required, e.g., sudden storm.
Context:
The response to EIS 03-56 did not provide the requested information.
OPG Response:
Preliminary water quality modelling was performed as part of the design of the Stormwater Management Pond (SWMP)
and the modeling has identified potential water quality issues related to: a) nitrogen compounds from blasting residues;
and b) salinity from the groundwater entering the shafts at two discreet locations. Going forward, these potential water
quality issues will be addressed through source reduction or elimination. Specifically to manage nitrogen compounds in
SWMP discharge, use of emulsion explosives will be maximized and best-blasting practices will be implemented so as to
minimize the amount of blast residue on the waste rock. To manage salinity, the Salina A1 and Guelph formations will
be grouted to reduce or eliminate saline groundwater inflow from these formations into the two shafts and ultimately to
the SWMP (see OPG’s response to Information Request EIS-04-130 (OPG 2012)).
In the first three years of construction, the amount of waste rock being generated by shaft sinking and delivered to the
Waste Rock Management Area (WRMA) will be relatively small (Figure 1). Thus, total amount of blast residue available
for leaching and associated quantities of nitrogen compounds in run-off water would be small and will not cause water
quality issues. However, if monitoring of pond discharge water quality during first 2 to 3 years shows an upward trend in
nitrogen compound concentrations, then there would be sufficient time to review contractor’s blasting practices and to
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make further adjustments to blasting practices to reverse the trend before a water quality issue is created. In the remote
event that the trend could not be reserved by adjusting blasting practices, there would be sufficient time to implement
treatment before waste rock amounts become larger and the risk of elevated nitrogen compounds in pond discharge
water greater. Treatment would likely involve directing runoff water from the waste rock pile to a separate intermediate
pond where it would be treated by aeration or other suitable technology before being directed into the SWMP.

Figure 1: Cumulative Tonnages of Rock Excavated During Construction Phase
It is worthwhile noting that the management of nitrogen compounds in pond discharge water will only be an issue for a 3
to 4 year period during the construction phase and possibly during the first year of operations. During this period the
blasting residue would be leached from waste rock and the source of nitrogen eliminated.
During shaft sinking, the Salina A1 and Guelph formations will be treated by cover grouting. Water discharged from the
grouted Salina A1 and Guelph formations will be monitored during shaft sinking. If the actual quantity and quality of
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saline water discharging from these formations is predicted to cause elevated salinity in the SWMP discharge water, then
additional grouting of these two formations will be performed to further reduce flow before a water quality issue is
created. In the remote event that flow from these formations cannot be reduced to limit water quality impacts, then there
would also be sufficient time to implement treatment before the start of DGR operations (preliminary water quality
modelling has predicted that risk of high salinity in SWMP discharge water is greatest during operations). Treatment to
remove salinity would likely involve collection of saline groundwater at the bottom of the shafts and direct it to an
evaporator. Water could be released from the evaporator as either steam or distilled water. The clean water would then
be directed to the SWMP.
Other points:
1. The contractor(s) for shaft sinking and lateral development will be required to have a portable treatment plant
available on site. It will be available for rapid deployment in the event that oil, grease or suspended solids in
process water (i.e., water used for drilling and dust suppression) have elevated concentrations and cannot be
effectively treated by the installed systems.
2. The option of installing a water-tight (hydrostatic) concrete liner against the Salina A1 and Guelph formations is
being explored. If viable, this would greatly reduce and possibly eliminate inflow from these formations and thus
eliminate the risk of high salinity in the SWMP discharge water during DGR operations.
There are no scenarios currently envisaged where it would be necessary to deploy a water treatment system following a
sudden storm. For the reasons discussed above, there is no need to have treatment systems readily available on-site to
treat for nitrogen compounds or salinity.
Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

EIS 09-473

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide additional information and analysis with respect to the base flow of Stream C, the North Railway Ditch, and the
South Railway Ditch with emphasis on the potential contribution of near surface groundwater related to infiltration during
site preparation and construction. See related IR EIS 09-471
Evaluate the potential for a perched groundwater table above the impervious till layer.
Confirm when additional surface hydrology data will be collected relative to surface flow to Stream C, South and North
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 Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance of
Residual Effects

Information Request and Response
Railway ditches, and MacPherson Bay (as committed to in the response to IR EIS-07-299).
Context:
Further evaluation and analysis is required with respect to potential shallow connections among the stormwater
management pond, the waste rock management area, wetlands, ditches and Stream C.
OPG Response:
Project activities during site preparation and construction are not expected to materially influence the groundwater table
or near-surface groundwater flow regime. Within the near surface, the hydrostratigraphy of the DGR Project site is
defined by a thin, discontinuous layer (0 to 3 metres thick) of topsoil and/or fill with granular deposits, overlying low
hydraulic conductivity (10-10 m/s) dense glacial silt till (9 to 14 m thick), which in turn overlies Devonian-age fractured
carbonate bedrock of the Lucas formation. The hydraulic conductivity of the carbonate bedrock aquifer ranges from 10-7
to 10-5 m/s. At the time that the Environmental Impact Statement (EIS) (OPG 2011) was prepared, vertical downward
groundwater velocities within the glacial till were conservatively estimated to be on the order of centimetres per year.
Subsequent modelling of the infiltration into the till has been completed by Sykes (2012). The infiltration estimates
ranged from 3.3 mm/yr (undisturbed till) to 0.36 mm/yr (waste rock management area – reference case scenario).
Because of the isolation provided by the low-permeability glacial silt till layer, all significant recharge to the carbonate
bedrock aquifer occurs outside of the DGR Project site. Limited groundwater recharge through the glacial till occurring
beneath the DGR Project site will enter the shallow bedrock aquifer and migrate horizontally to a point of shallow
shoreline discharge into Lake Huron near MacPherson Bay (see OPG’s response to Information Request (IR) EIS-03-57
[OPG 2012a]) In general, overlying the dense glacial till are soils consisting of a thin surficial layer of topsoil and/or fill
underlain in some locations by granular deposits of silt, sand and gravel (GOLDER 2012). Any near-surface
groundwater within this layer contributing to the base flow of the North Railway Ditch and, in turn, Stream C, is
precipitation that has infiltrated the soil but could not infiltrate the dense glacial till layer, and so has migrated along the till
surface towards these watercourses. The assessment calculated changes to the surface water quantity and flow Valued
Ecosystem Component (VEC) by pro-rating the flows by change in drainage area. Therefore, any changes in nearsurface groundwater contributions to these watercourses resulting from the DGR Project (i.e., both surface and near
surface re-direction of flows to MacPherson Bay) are captured in this assessment.
The final detailed project design will ensure that runoff from the DGR Project site and the Waste Rock Management Area
(WRMA) is managed by the stormwater management pond (SWMP) and will not measurably affect inflows (runoff) to the
wetland in the northeast portion of the Project Area.
The formation of a perched groundwater table is only expected within the WRMA. At the time the EIS was prepared, it
was predicted that water table mounding is not expected to exceed a few metres in height beneath the WRMA and
SWMP. It was considered that a change of such magnitude will not materially alter recharge rates through the glacial till
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aquitard because of the low hydraulic conductivity of the till. Leakage from the till to the underlying bedrock will remain
as before; there is no opportunity for mounding of the potentiometric surface within the permeable confined bedrock
aquifer beneath the Project Area.
The potential for mounding underneath the WRMA and SWMP was examined by Sykes (2012) in a technical
memorandum in support of OPG’s response to IR-EIS-03-57 (OPG 2012a). Several scenarios were developed to
simulate the potential for mounding on top of the underlying till underneath the WRMA and within the shallow carbonate
aquifer. For all the simulations, including a simulation greatly increasing the recharge rate into the subsurface, the
results indicate that mounding of the shallow carbonate aquifer is highly unlikely to occur. In addition, OPG’s response
to IR-EIS-05-229 (OPG 2012b) provides more information regarding the 2012 data collected on the hydrogeologic
properties of the uppermost till layer under the proposed WRMA, surface water ditches and SWMP. As discussed in the
response to IR-EIS-05-229, the data collected to date indicate that the till layer would provide a consistent and
predictable barrier to surface water infiltration.
OPG’s response to IR-EIS-01-01 provides information on the construction of the surface facilities and the excavation
associated with the development of the shaft collar with respect to hydrogeologic considerations.
OPG’s response to IR-EIS-07-299 (OPG 2012c) committed to provide collection of flow data for the North Railway Ditch
and the drainage ditch near the stormwater management pond outlet as part of baseline monitoring. Follow-up
monitoring of hydrologic features on the Bruce nuclear site, as discussed in the DGR EA Follow-up Monitoring Program
document (NWMO 2011), includes the following:


North Railway Ditch: Baseline monitoring and follow-up monitoring is planned to collect flow data in the North
Railway Ditch at the southeastern project boundary (see also OPG’s response to IR-EIS-07-299, OPG 2012c).
o Baseline flow monitoring is to be conducted on a quarterly basis and after each of two storm events at
both locations. As indicated in the DGR EA Follow-up Monitoring Program document (NWMO 2011),
baseline flow rate values will be recorded at both locations for one year prior to the site preparation and
construction phase.
o Follow-up flow monitoring in the North Railway Ditch is to be conducted on a quarterly basis and during
two major storm events each year for a minimum of three years after the start of site preparation and
construction.



Drainage Ditch at Interconnecting Road Near SWMP Outlet: Baseline monitoring and follow-up monitoring is
planned to collect flow data in the drainage ditch at Interconnecting Road near the SWMP outlet (see also OPG’s
response to IR-EIS-07-299, OPG 2012c).
o Baseline monitoring is to be conducted on a quarterly basis and after each of two storm events. As
indicated in the DGR EA Follow-up Monitoring Program document (NWMO 2011), baseline flow rate
values will be recorded for one year prior to the site preparation and construction phase.
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o

Follow-up flow monitoring will be completed on a weekly basis and the flow data will be averaged
monthly. This follow-up monitoring will conclude after three years since the highest flows are predicted
for the site preparation and construction phase.



Stream C: Baseline and follow-up monitoring in the North Railway Ditch is planned to confirm that the effect of
reduced flow in the North Railway Ditch is not significant and does not result in significant changes to streamflow
at Stream C, as predicted in the Hydrology and Surface Water Quality TSD (GOLDER 2011). OPG’s response
to IR-EIS-03-79 (OPG 2012a) provided the rationale for its assessment that additional monitoring of Stream C
was not warranted and therefore no additional data are available. Further supporting information is described in
OPG’s responses to IRs EIS-05-228 (OPG 2012d), EIS-07-292 (OPG 2012c), EIS-07-298 (OPG 2012c), and
EIS-07-301 (OPG 2012c).



MacPherson Bay: Baseline and follow-up monitoring near the SWMP outlet is planned to confirm the
assumptions used to predict an increase in flow rates of 114% over the existing annual mean flow in the
drainage ditch at Interconnecting Road, which discharges to MacPherson Bay, as predicted in the Hydrology and
Surface Water Quality TSD (GOLDER 2011).



South Railway Ditch: Baseline and follow-up monitoring to collect flow data is not required. The DGR Project
does not discharge to the South Railway Ditch. Furthermore, a measurable change in streamflow in the South
Railway Ditch is not expected since the drainage area is not expected to change as a result of the DGR Project.



Shallow Groundwater Monitoring: Baseline and follow-up monitoring is planned on a quarterly basis to
establish seasonal fluctuations and to confirm the assumptions used to predict that there will be no adverse
effect on the shallow groundwater quality or flow attributable to shaft dewatering, the operation of the SWMP,
and any infiltration through the WRMA. The shallow groundwater monitoring well network comprises upgradient
and downgradient wells, and will serve as an early detection network of on-site or off-site contaminant migration
on or through the DGR Project site.

Additional baseline water quality data for MacPherson Bay were collected between August 2011 and December 2012.
These data have been provided in OPG’s response to IR-EIS-08-387 (OPG 2012e).
References:
GOLDER. 2011. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report for
the Nuclear Waste Management Organization NWMO DGR-2011-TR-04 R000. Toronto, Canada. (CEAA Registry Doc#
299)
GOLDER. 2012. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Soil Investigation for
Proposed Surface Facilities, Kincardine, Ontario. Golder Associates Ltd. report 1011170042-REP-G2030-0002. (CEAA
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Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc #793)
OPG. 2012e. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses Responses to the Final Sub-set of Package #8 Information Requests”, CD#
00216-CORR-00531-00171, March 15, 2013. (CEAA Registry Doc# 915)
Sykes, J.F. 2012. OPG DGR Project: Analysis of Shallow Groundwater Impacts. Technical Memorandum DGR-TM03400 (P) R0. Toronto, Canada. (CEAA Registry Doc# 682)

EIS 09-474

 Section 8.1,
General
Information and
Design
Description

Information Request:
Explain how the estimated 53,000 waste packages, representing a total emplaced volume of approximately 200,000 m3,
will be further evaluated regarding processing and packaging requirements as the DGR repository design is refined and
finalized.
Provide the design requirements and criteria that would trigger changes in requirements for processing and packaging
(and in the case of legacy waste – re-packaging and re-processing).
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Provide the time intervals between the commencement of emplacement room filling and their isolation by closure walls.
Provide data on the integrity (time period) of each waste container type to be deposited in the DGR. The period of
complete containment must be provided under external dry conditions and when exposed to humid conditions.
Provide information on quantitative criteria used to evaluate the integrity of each container type to stresses induced by
stacking (where applicable) in the emplacement rooms over the span of the operational phase of the DGR.
Context:
In the EIS Guidelines Section 8.1, page 33, it is stated that information should be provided in the EIS on: “The design of
the waste containers/packages, their performance and longevity with respect to their containment function, including
reference to international experience if available and applicable. "
Considering the number and variety of existing and future waste packages, more information is required regarding what
constitutes an acceptable waste package. The requested criteria must go beyond the current waste acceptance criteria
as stated in the EIS (Table 4.5.1-3).
Until closure walls are in place to isolate a set of filled emplacement rooms, the waste containers form the only barrier
that prevents the possible release of radioisotopes and other toxic contaminants into parts of the repository environment
occupied by workers.
EIS-04-152 addresses the issue of container integrity for both legacy and more recent waste. The OPG response does
not provide adequate information to evaluate any associated risks during the operational phase of the DGR. DGR Waste
Acceptance Criteria (WAC) do not comprehensively evaluate the time periods of container integrity or their expected
resilience to load conditions when stacked in the emplacement rooms.
In the response to EIS 04-122, OPG stated that “Although waste containers are not credited with any function in the
postclosure safety assessment, they are expected to maintain their integrity to the degree necessary to facilitate easy
retrieval (if required) for a decade or more after emplacement in the DGR. In some cases, the containers will provide
effective containment for longer periods.”
OPG Response:
It is stated in the Context that “Until closure walls are in place to isolate a set of filled emplacement rooms, the waste
containers form the only barrier that prevents the possible release of radioisotopes and other toxic contaminants into
parts of the repository environment occupied by workers”.
However, OPG’s response to Information Request (IR) EIS-04-122 (OPG 2012), Section 4.5.1 of the Environmental
Impact Statement (OPG 2011a) states that “The primary purpose of the waste container is to act as a convenient vessel
to safely hold the waste during handling, transportation, and storage. It provides a uniform way to handle the waste and
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allows for stacking to improve storage efficiency. The container may also provide shielding for higher activity waste.”
With respect to the DGR, this means that the container must be safely retrieved from its current storage location and
transferred through the DGR facilities to its final location in an emplacement room and imposes two basic constraints:
structural integrity for handling and stacking; and enclosing the contents during handling. As stated in Section 4.8 of the
EIS (OPG 2011a) and Section 6.6 of the PSR (OPG 2011b), the materials that are placed in the DGR are considered to
be waste and the need for retrieval is not anticipated. However, in the unlikely event that any waste package(s) would
need to be retrieved from a DGR emplacement room, retrieval can be achieved.
The container is not intended to provide “complete containment”, nor is it necessary to do so. The wastes in the
containers are considered to be solid. The “radioactivity and other toxic contaminants” are intimately bound with the
much larger mass of “non-radioactive, non-toxic” materials and as such will not significantly migrate into other occupied
areas of the repository, even if the containers completely failed.
Any potentially dispersible wastes, such as incinerator ash, or containers which do not pass the inspection, or are
otherwise considered to be at-risk, would be overpacked in new containers prior to transfer to give added protection.
Note that ash and similar containers are routinely handled by forklift, moved and stacked at OPG’s Western Waste
Management Facility (WWMF), incident free, without any added overpacks (including moving ones which have been in
storage for many years when required for storage building maintenance). In addition, routine radiation and
contamination surveys are conducted at the WWMF to detect any contamination in accessible areas. Personnel and
equipment must also pass through sensitive radiation monitoring equipment before exiting from areas of the facility
where contamination could be possible. These steps, in combination with other aspects of OPG’s radiological protection
program, allow any contamination to be detected and cleaned up at an early stage. Similar procedures would be in
place at the DGR.
The DGR is being designed to accept the majority of the waste packages currently in storage without further processing
or packaging. As described above, OPG plans to overpack certain containers for added protection prior to transfer to the
DGR. For other classes of higher dose-rate wastes, such as some ion exchange resins, shielding overpacks will be
used in order to meet the waste package dose rate restrictions of the waste acceptance criteria. The reference
overpacking and shielding assumptions for each waste type are given in Table 2.1 of the DGR Reference Inventory
report (OPG 2010). These will be reviewed as the DGR design and the waste acceptance criteria are finalized. Note
that some of the overpacks have not yet been designed. These will be developed in conjunction with the finalization of
the DGR design, safety assessment and waste acceptance criteria development to ensure that they meet all applicable
requirements and are fully integrated into the design and safety assessment.
No additional processing or packaging of waste at the DGR is anticipated, as these activities are performed at the
WWMF. However, as discussed in OPG’s response to IR-EIS-04-122 (OPG 2012), each waste package will be visually
inspected prior to transfer to the DGR and if it does not meet the final waste acceptance criteria, it will be remediated as
necessary prior to transfer. Remediation may include decontamination of outer surfaces (e.g., where loose
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contamination is measured on the container external surface), repair of minor issues (e.g., superficial damage to exterior
of container) or overpacking in new containers (e.g., where loss of container integrity is observed or suspected, or where
additional shielding is required to meet container dose rate restrictions). Quantitative inspection criteria for container
damage have not yet been developed, but will be developed in the future as the waste acceptance criteria are finalized.
Size reduction of certain large components, such as steam generators and some heat exchangers, may be required in
order to meet the size and weight limits of the DGR waste acceptance criteria. Repackaging of some other wastes, such
as the wastes currently stored in IC-18 “tile-hole-equivalents”, or some of the wastes in the WWMF trenches may also be
required. As with package remediation, this would be done prior to transfer of the waste package to the DGR. The
requirements and needs for this will be developed in the future as part of OPG’s preparations for retrieval of the existing
wastes in storage under the current WWMF operating licence.
Since the DGR is purposely being designed to be as compatible as possible with the current wastes and their packages,
OPG does not anticipate that the DGR will require or drive any need for changes to the current processing and
packaging methods or for the need to re-package or re-process legacy wastes (except as already noted above).
The DGR design currently includes optional shielding walls at the entrance to each of the 31 emplacement rooms as well
as panel closure plugs in three places. Each emplacement room has on average about 6,500 m3 of usable waste
package volume. In the early stages of DGR operation, when the backlog of waste stored at the WWMF is being
transferred, it is expected that an emplacement room would take less than 1 year to fill. In the later stages, once all of
the backlog has been transferred, the rate of waste receipts will have reduced and it may take several years to fill a
room. Some specialized rooms (such as those with direct rail cart access) may remain open for longer periods of time in
order to allow efficient emplacement of the larger objects requiring this type of handling. It is expected that the shielding
walls, where required, would be constructed shortly after a room has been filled. These are provided for occupational
gamma radiation dose exposure reduction purposes. They would also physically prevent unintentional access to the
filled rooms. Room ventilation remains on at this time, but at a reduced rate, to prevent the buildup of gases (e.g.,
hydrogen and methane from waste decomposition or tritium and C-14 from off-gassing).
The panel closure plugs would be constructed after each panel has been filled. On average, a panel would take 10 to 15
years to fill. The panel closure plugs are constructed to allow the ventilation to be turned off in the filled rooms. They are
not intended to provide long-term seals against radionuclide migration in the postclosure period. The closure plugs
would be installed once any necessary approval had been received from the Canadian Nuclear Safety Commission.
Prior to installation of the panel closure plugs, access to the filled panels would be restricted via administrative barriers
due to reduced ventilation flow rates.
The containers are primarily designed for storage of various waste types in the surface facilities at the WWMF. These
facilities do not incorporate temperature or humidity control systems and as such can be classified as “humid conditions”
for much of the year. In general, a design life of 30 to 50 years is used for containers.
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A conceptual model for the waste container life-cycle is shown below in Figure 1. Considering the time that the
containers have been in storage, this would give a remaining design lifetime of about 5 to 10 years after emplacement for
the majority of LLW containers currently in storage and 25 to 35 years for the ILW containers. Although the strategy for
retrieving the containers from storage at the WWMF and transferring them to the DGR has not yet been finalized, it is
anticipated that, in general, the oldest containers in storage would be transferred first in order to reduce the container life
associated risks.
Note that the majority of the containers are expected to be structurally stable for much longer than their design life and
the containers for higher activity waste, such as reactor refurbishment waste (e.g., pressure tubes, calandria tubes, etc.),
will last for considerably longer due to their very robust stainless steel and concrete construction. In addition, the lifetime
clock would be reset for wastes and containers which are overpacked or repackaged prior to transfer to the DGR. Since
the initial storage period at WWMF would be quite short for these, the remaining life would be correspondingly longer.
Containers for LLW are generally painted carbon steel or galvanized steel, with structural steel frames and sheet metal
side panels. The stacking load is taken by the structural steel frame, whereas the side and bottom panels contain the
waste. Due to the solid nature of the waste, it is not necessary to provide “complete containment”. Many of the
containers currently in storage have open tops (e.g., many non-processible waste containers) or sides (e.g., drum racks
or bale racks) and this has not resulted in any contamination control issues at the WWMF. Prior to transfer to the DGR,
the open-topped containers will be fitted with a lid and the open-sided containers will be provided with side panels or
overpacked as necessary. This will enclose the contents during handling and transfer to the DGR. As mentioned
previously, any containers that are “at risk” or do not pass the inspection step will be remediated prior to transfer to the
DGR, thus increasing their remaining life.
Containers for ILW are of more robust construction, generally thick-walled steel (stainless steel or coated carbon steel)
and/or concrete. Most ILW containers are designed for stacking in the applicable WWMF storage structures, with the
structural load taken by the container walls (e.g., resin liners) or solid mass of the container (e.g., refurbishment waste
containers). ILW containers are fully enclosed, with some welded shut (e.g., refurbishment waste containers) while
others have bolted lids (e.g., resin liner overpacks and shield plug containers) or threaded closures (e.g., resin liners).
All of the containers are procured using a technical specification for each type, which includes required design life, gross
mass and stacking requirements. Similar technical specifications will be prepared for new containers and overpacks that
have not yet been designed.
Both LLW and ILW containers are designed for stacking in various configurations and are currently stacked in existing
storage structures up to these levels. Details on the mass and stacking heights for various container types are provided
in Appendix E of the DGR Reference Inventory report (OPG 2010).
As summarized in Table 1 below, the reference stacking configurations in the DGR are no more severe (i.e., same or
lower stack heights) than the current stacking configurations in the existing WWMF storage facilities. Other containers
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used at the WWMF that will be transferred to the DGR are minor variants of these types (e.g., slightly different
dimensions, mostly in height). Each of these will be stacked no higher than they are currently stored.
Based on more than 30 years of operating experience at the WWMF (i.e., no container collapsing, with some containers
being more than 30 years old), the existing containers are not expected to collapse under stacking loads experienced in
the DGR during the operational period. Any containers considered to be “at risk” during the pre-acceptance inspection
will be suitably remediated prior to transfer to ensure that the required service life can be achieved.
Although the WAC currently does not have quantitative criteria for container condition, it does contain some guidance:
a)
b)
c)
d)

no significant rusting;
sound structural integrity;
no wobbling or tilting when container is placed on a flat and level surface; and
no obvious leakage.

“Significant rusting” means readily observable loss of metal due to oxidation (i.e., through wall penetration, flaking,
bubbling, or pitting) to the extent that it causes degradation of the waste container’s structural integrity or ability to safely
contain the waste. Surface rusting and paint peeling are acceptable. “Sound structural integrity” means the waste
container does not have any significant damage in the form of creasing, cracking, deformation, deflection, or gouging of
the container walls or structural members and the handling and stacking mechanisms are intact.

Figure 1: Conceptual Model of Waste Container Lifecycle
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Table 1: Summary of Reference Waste Container Stacking Characteristics

Container Type
LLW Packages
Bale Racks
Compactor Boxes
Non-pro Bins
Drum Racks
Drum Bins
LL Resin Pallet Tanks
LLW Container
Overpacks
Shield Plug Containers
Heat Exchangers
Encapsulated Tile
Holes
Steam Generator
Segments
ILW Packages
Resin Liners Unshielded
Resin Liner Overpacks
- Unshielded
Resin Liner 250 mm
Shield
Resin Liner 350 mm
Shield
Resin Liner 350 mm
Shield with Steel Insert
ATHEL Waste
Package 350 mm

Number of
Containers

Emplaced
Volume
(m3)

Dimensions
LxWxH (m)

Empty
Mass
(kg)

Gross
Full
Mass
(kg)

Design
Stacking
(# high)

Reference
Stacking in
DGR
(# high)

1,383
6,135
24,164
2,903
4,615
2,085

4,702
17,177
73,483
9,870
12,922
5,627

2.29 x 1.22 x 1.2
1.84 x 1.12 x 1.3
1.96 x 1.32 x 1.19
2.29 x 1.22 x 1.2
1.96 x 1.32 x 1.03
1.24 x 1.24 x 1.68

150
486
360
150
290
320

1,400
2,722
1,460
1,490
1,450
2,000

5
5
5
5
5
3

5
4
4 or 5
5
5
3

3,212

27,303

2.54 x 1.78 x 1.88

1,591

5,400

3

3

26

309

13,000

1

2,775

26,000
10,00030,000

1

98

3.0 x 1.8 x 1.8
Various
e.g., 2 OD x 4.6 OL

1*

1 or 2**

66

504

1.5 (OD) x 4.6 (OL)

n/a

25,000

1

1

512

8,387

1.8-3.6 (OD) x
2.0-4.3 (OL)

n/a

25,730

1 or 2

1 or 2

286

858

1.63 (OD) x 1.8 (OL)

795

4,545

6

2

400

1,640

1.68 (OD) x 1.91 (OL)

1,450

6,000

6

2

646

10,467

2.2 (OD) x 4.25 (OL)

17,760

26,850

1

1

164

3,295

2.4 (OD) x 4.45 (OL)

27,060

36,150

1

1

140

1,925

2.53 (OD) x 2.74 (OL)

24,420

28,965

1

1

300

4,140

2.53 (OD) x 2.74 (OL)

20,900

23,500

2

2
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Shield
Tile Hole Liners
Retube Waste
Containers
(endfittings)
Retube Waste
Containers (PT/CT)
ILW Shield
Total

201

176

0.61 (OD) x 3.4 (OL)

450

2,000

1*

Up to 5**

899

9,804

3.35 x 1.70 x 1.92

29,200

33,500

3

2

454

3,494

1.85 x 1.85 x 2.25

26,600

29,100

2

2

3,952

5,137

1.0 (OD) x 1.7 (OL)

2,015

2,290

3

3

52,641

203,995

-

-

-

-

-

Notes:
* in original orientation
** when stored horizontally on a purpose-built stacking frame

References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216CORR-00531-00134, August 27, 2012. (CEAA Registry Doc# 704)
EIS 09-475

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a summary of incident reports of container failure or damage at the Western Waste Management Facility
(WWMF), site of origin, and during transfer to the WWMF, involving containers that will be transferred into the DGR.
Context:
In many cases the waste containers currently stored at the WWMF will be transferred directly into the DGR after
inspection. Confidence in the integrity of waste containers during transfer to, and storage in, the DGR can be based on
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their past performance.
OPG Response:
All containers received at the Western Waste Management Facility (WWMF) from the various generating stations have
been in good condition. There have been no reports of container failure or damage during transfer to the WWMF.
During interim container storage at the WWMF, OPG’s Nuclear Waste Management Division (NWMD) has implemented
an aging management program to identify and monitor container degradations. When containers with significant
degradation have been identified, they have been remediated. Containers identified as having a high risk of failure (e.g.,
drum rack, old style ash container, old resin containers) will be remediated at the time of transfer to the Low and
Intermediate Level Waste Deep Geologic Repository (L&ILW DGR).
At the time of transfer of the waste containers to the L&ILW DGR, a visual inspection will be performed on all containers
to ensure container integrity will be met prior to transfer to the DGR. Containers with questionable integrity will be
remediated at that time.
The following incidents of container damage have been recorded:





In Low Level Storage Building (LLSB) 5, corrosion was noted on one corner of a sludge container; however,
there was evidence that previous damage from the fork of a forklift may have precipitated the corrosion in this
bin.
There was a resin container found with a damaged drain plug.
In LLSBs 3 and 4, drum racks and carbon steel drums, in general, showed different degrees of external
corrosion.
One old style drum container and one ash container were found to have through-wall penetration.

In all of the above cases, these deteriorated containers were overpacked and put back to LLSBs for storage. These
types of containers were already identified as having a high risk for failure during aging management and will be
overpacked prior to transferring to the DGR.
EIS 09-476

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a review and rationale for the choice of radioactive waste conditioning methods to be considered for use at the
proposed DGR, including, but not limited to, current practices of incineration and compaction.
Compare the advantages and disadvantages of each conditioning option. Include a discussion of the effectiveness of
each option with respect to volume reduction, minimization of gas production, and control of chemical reactions.
Evaluate the overall reduction of long-term hazard caused by the combined presence of waste and waste packaging
1576

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
achieved by the conditioning methods.
Distinguish between what is possible for conditioning existing waste and what could be implemented for future waste
intended for the DGR.
Context:
The two primary reasons for waste conditioning are to achieve volume reduction and hazard reduction. The EIS provides
inadequate information on waste conditioning in terms of these two objectives.
OPG Response:
It is stated in the Context that “The two primary reasons for waste conditioning are to achieve volume reduction and
hazard reduction.” A recent IAEA report on “Retrieval and Conditioning of Solid Radioactive Waste from Old Facilities”
states that “The goal of waste treatment and conditioning is to convert waste from its initial form into a product that meets
the waste acceptance criteria for the receiving facility”. (IAEA 2007, Section 9). Note that “volume reduction” is largely
an economic decision, based on life-cycle cost considerations (e.g. the cost of volume reduction is less than the
incremental cost of the storage and disposal space that would otherwise be occupied by the extra volume of the
unprocessed waste). “Hazard reduction” also needs to consider the life-cycle as well. For example, some actions in the
near term may increase actual worker dose for a potential future dose savings that may or may not actually occur.
The DGR project does not include any additional treatment and conditioning of the wastes. All treatment, conditioning
and packaging of wastes will continue to be performed at the WWMF under its existing operating licence and/or at other
specialized facilities licensed for this purpose, prior to transfer to the DGR.
A review of different conditioning and packaging options was provided previously in OPG’s response to Information
Request EIS-03-51 (OPG 2012) in the context of a comparison of international practices for various waste streams. This
information is reorganized and supplemented in Table 1 (provided at the end of the responses to EIS Information
Requests) with the additional information requested. Detailed technical descriptions of the various treatment and
conditioning methods can be found, for example, in Ojovan (2011).
Over the long term (i.e., postclosure phase), gas production is related to the total mass of organic materials and metals
in the repository. Processes that reduce one or both of these will reduce the long-term gas generation. Processes which
add to one or both of these will increase the long-term gas generation. For example, thermal processes such as
incineration (which destroys the organic material) will decrease gas generation while the use of steel container
overpacks will increase the mass of metal in the repository and subsequently lead to higher gas generation.
Chemical reactions are related to the amount of water and the chemical form of the materials. The “long-term hazards”
associated with chemical reactions (i.e., postclosure), are generally not reduced by any conditioning and packaging
methods except for thermal treatments. Over the long-term, the repository is assumed to re-saturate and the highly
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saline groundwater at repository depth would dominate any chemical reaction mechanisms.
As detailed in Table 1, none of the available technologies will significantly reduce the long-term hazards or gas
generation rates compared to the current OPG practices at the WWMF. In fact, on the contrary, many of the
technologies will increase both the short-term hazards (e.g., worker dose, air emissions, etc.) and the long-term hazards
(e.g., adding more organic material and/or metals to the repository). If the repository size is decreased due to use of
additional volume reduction technologies which might significantly reduce the volume of waste without removing organics
(e.g., supercompaction) and/or result in an increase in the amount of metal, the long-term gas pressures may increase
as a result of reducing the available repository volume for the gas to expand into (i.e., same amount of organics, plus
more metals from containers, into a smaller repository volume).
Also as noted in Table 1, many of the alternative technologies could be applied to either existing wastes in storage or
new arisings. In the case of application to existing wastes, the waste handling and sorting required to implement the
processing would increase worker dose. In addition, the emptied waste containers would themselves become waste if
they could not be re-used, thereby increasing the metal loading in the repository. In the case of application to new waste
arisings, there would not be any significant reduction in long-term hazards by applying alternate technologies.
References:
IAEA. 2007. Retrieval and Conditioning of Solid Radioactive Waste from Old Facilities, International Atomic Energy
Agency, Technical Report Series TRS-456. Vienna, Austria. (available at http://wwwpub.iaea.org/MTCD/Publications/PDF/TRS456_web.pdf)
Ojovan, M.J. 2011. Handbook of Advanced Radioactive Waste Conditioning Technologies. Edited by Michael J.
Ojovan. Woodhead Publishing Series in Energy: Number 12. Cambridge, United Kingdom.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
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Table 1: Summary of Waste Treatment and Conditioning Options
(associated with response to IR-EIS-09-476)
Applicable Waste
Types

Volume
Reduction

Incineration

Combustible solids
and liquids

Pyrolysis

Combustible solids
and liquids

Technology

Applicability to OPG Wastes and
Rationale

Advantages

Disadvantages

High

‐ Reduces amount of volatile
radionuclides in waste (e.g. tritium
& C-14)
‐ High volume reduction (20:1 to
more than 100:1)
‐ Elimination of organic materials
(e.g. less biodegradable material
remaining in waste for long-term
gas generation or chemical
interactions)
‐ Can tolerate wet wastes (e.g. wet
mops, low-level IX resins)

‐ High temperature process
(conventional safety related
issues)
‐ Short-term radiological (e.g.
tritium & C-14) and nonradiological (PAHs, NOX, etc)
emissions
‐ Moderate to high capital and
operating/maintenance costs
‐ Equipment is sensitive to noncombustible materials (e.g.
metals) and certain plastics (e.g.
PVC) in waste feed
‐ Limited to low activity wastes
(<0.6 mSv/h contact dose) due to
concentrating effect in ash
‐ Secondary wastes reduce
effective overall volume reduction
(e.g. filters, scrubber residues, flyash)

‐ Existing licensed process at
WWMF since 1977
‐ Other licensed facilities available
in the US (and elsewhere)
‐ Provides good versatility and
volume reduction for a variety of
wastes, including organic liquids
‐ Reduces long-term hazards by
eliminating organics
‐ Practice will be continued as
required for applicable waste
streams
‐ Some wastes currently stored as
“non-processible” could be
retrieved, sorted to remove noncombustibles and processed by
incineration. However, this would
require a new sorting facility and
would result in increased worker
dose from the manual waste
handling and sorting activities.

High

‐ Similar to incineration

‐ Similar to incineration

‐ No licensed facilities available in
Canada
‐ Licensed facilities available in the
US for IX resins, but use is limited
by C-14 and tritium levels on
OPG’s IX resins.
‐ Does not provide any significant
advantages over current
incineration technology
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Technology

Applicable Waste
Types

Volume
Reduction

Plasma Arc

Most solids and
liquids

High

Vitrification

Combustible solids
and liquids,
aqueous liquids

High

Applicability to OPG Wastes and
Rationale

Advantages

Disadvantages

‐ Reduces amount of volatile
radionuclides in waste (e.g. tritium
& C-14)
‐ High volume reduction (20:1 to
more than 100:1)
‐ Complete elimination of organic
materials (reduces long-term gas
generation and chemical
interactions)
‐ Produces very stable glass-like
and/or metallic residue that
reduces potential for long-term
chemical reactions and gas
generation and provides some
containment of radionuclides
‐ Highly versatile, can accept large
amounts of non-combustibles in
wastes
‐ Complete elimination of organic
materials (reduces long-term gas
generation and chemical
interactions)
‐ Produces very stable glass-like
product that reduces potential for
long-term chemical reactions and
gas generation and provides
some containment of
radionuclides
‐ High volume reduction for most
liquids, moderate reductions for
solids (lower than incineration,
due to the addition of glass
forming materials)

‐ Very high temperature process
(conventional safety related
issues)
‐ Short-term radiological (e.g.
tritium & C-14) and nonradiological (PAHs, NOX, etc)
emissions
‐ Very high capital and
operating/maintenance costs
‐ Complex technology
‐ Limited to low activity wastes due
to concentrating effect in
slag/residue
‐ Secondary wastes reduce
effective overall volume reduction
(e.g. filters, scrubber residues)

‐ No licensed facilities available in
Canada or US
‐ Reduces long-term hazards by
eliminating organics but much
more expensive and complex than
current incineration technology
while not providing much
additional benefit

‐ High temperature process
(conventional safety related
issues)
‐ Short-term radiological (e.g.
tritium & C-14) and nonradiological (PAHs, NOX, etc)
emissions
‐ Very high capital and
operating/maintenance costs
‐ Complex technology
‐ Secondary wastes reduce
effective overall volume reduction
(e.g. filters, scrubber residues)

‐ Generally used for liquid wastes
only, but can be adapted for some
solids
‐ No licensed facilities available in
Canada
‐ Reduces long-term hazards by
eliminating organics but much
more expensive and complex than
current incineration technology
while not providing much
additional benefit
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Technology
Metal Melting

Applicable Waste
Types
Metals

Volume
Reduction
Moderate to high

Advantages

Disadvantages

‐ Reduces storage volume of bulky
metal shapes
‐ Can provide some
decontamination by separating
fission products into a slag layer
‐ Produces very stable product
(metal ingot and slag) with
radionuclides chemically dissolved
in product (e.g. Co-60 mixed in a
steel ingot)
‐ Can reduce dose rates of waste
by distributing contamination
throughout the bulk of metal mass

1581

‐ Does not reduce gas generating
potential (i.e. does not reduce
mass of metal, only its gross
volume)
‐ High temperature process
(conventional safety related
issues)
‐ Potential for short-term
radiological (e.g. tritium, C-14,
cesium) and non-radiological
(NOX, etc) emissions
‐ High capital and
operating/maintenance costs

Applicability to OPG Wastes and
Rationale
‐ No licensed facilities available in
Canada
‐ Licensed facilities available in the
US and Europe
‐ Logistical issues with sending
bulky items to out-of-Canada
facilities
‐ No significant effect on long-term
hazards unless some metals can
be removed from the repository
wastes (e.g. recycled or otherwise
diverted as was proposed for
Bruce Power steam generators)
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Technology
Compaction

Applicable Waste
Types
Dry, compressible
solids

Volume
Reduction
Low to moderate

Advantages

Disadvantages

‐ Simple process, low cost
‐ Provides moderate volume
reduction (about 5:1)
‐ High throughput rate
‐ Low sensitivity to noncompressibles in wastes (small
amounts of non-compressibles will
generally not affect overall
equipment performance)

‐ Equipment is somewhat sensitive
to liquids in waste (gross liquids
will be squeezed out)
‐ Does not remove organic
materials from waste, so will not
decrease potential for gas
generation
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Applicability to OPG Wastes and
Rationale
‐ Existing licensed process at
WWMF since 1977
‐ Additional licensed facilities
available in Canada and the US
‐ Provides good versatility and
reasonable volume reduction for a
variety of wastes
3
‐ Large container (2.5 m ) reduces
amount of effort required to fill
containers and reduces the
“added metal from container” to
waste ratio (compared to
unprocessed waste) to help
reduce long-term gas generation
‐ Some wastes currently stored as
“non-processible” could be
retrieved, sorted to remove noncompressibles and processed by
compaction. However, this would
require a new sorting facility and
would result in increased worker
dose from the manual waste
handling and sorting activities.
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Technology
Supercompaction

Applicable Waste
Types
Dry, compressible
solids

Volume
Reduction
Moderate

Advantages

Disadvantages

‐ Provides good volume reduction
(up to 10:1) for wide range of solid
wastes
‐ High throughput rate
‐ Low sensitivity to noncompressibles in wastes
‐ Able to handle wide range of
wastes than conventional
compaction

‐ Very high pressure process
(conventional safety related
issues)
‐ Small volume of typical sacrificial
supercompactor container (200 L
drum) requires significant up-front
effort to pack wastes into the
containers, leading to higher
worker doses
‐ Large number of sacrificial metal
containers increases amount of
metal in repository, thus
increasing potential for gas
generation
‐ Equipment is sensitive to liquids.
Squeezed out liquid is complex
multi-phase mixture that can be
difficult to treat
‐ Some rubbers and plastics exhibit
“springback” (i.e. the waste will reexpand when the compaction
pressure has been released)
‐ Does not remove organic
materials or metals from waste, so
will not decrease potential for gas
generation
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Applicability to OPG Wastes and
Rationale
‐ No licensed facilities available in
Canada
‐ Licensed facilities available in the
US, as well as mobile equipment
‐ OPG has used mobile services at
the WWMF in the past in
campaigns (mainly for empty
drums and drummed waste)
‐ Future campaigns may be
considered, if cost effective
‐ Some wastes currently stored as
“non-processible” could be
retrieved, sorted to remove noncompressibles and processed by
super-compaction. However, this
would require a new sorting facility
and would result in increased
worker dose from the manual
waste handling and sorting
activities.
‐ Will generally increase long-term
hazards by adding more metal to
the repository (in the form of
sacrificial drums and overpacks)
‐ Will generally increase short-term
hazards due to the need to
package wastes into smaller
containers (200 L drums)
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Technology
Cementation

Applicable Waste
Types

Volume
Reduction

Most solids and
aqueous liquids

Increases
volume

Advantages

Disadvantages

‐ Converts liquids to solids
‐ Stabilizes small or dispersible
solid items
‐ Relatively simple process
‐ Not sensitive to residual moisture
in wastes (if accounted for in
cement formulation)
‐ In some cases, can reduce the
mobility of C-14 by chemically
trapping it as a carbonate in the
cement matrix
‐ Reduces mobility of radionuclides
by providing a lower permeability
matrix and also generally reduced
solubility due to high pH.

‐ Will increase volume
‐ Sensitive to waste chemistry and
chemistry of ground water over
long term at repository (cement
formulations need to be adjusted
on case-by-case basis)
‐ Does not remove organic
materials or metals from waste, so
will not decrease long-term gas
generation
‐ Increases the corrosion rate of
some metals (such as aluminum)
‐ Not generally chemically
compatible with clay backfills
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Applicability to OPG Wastes and
Rationale
‐ Can be used to solidify liquids or
IX resins
‐ Has been practiced at OPG
facilities in the past for specific
waste streams (mostly aqueous
liquids)
‐ Practice will be continued as
required for applicable waste
streams
‐ No significant impact on long-term
hazards (may slightly increase
long-term gas pressures due to
added metal from increased
number of containers and
reducing available void volume in
repository)
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Technology

Applicable Waste
Types

Volume
Reduction

Advantages

Disadvantages

Applicability to OPG Wastes and
Rationale

Bitumen
encapsulation

Most solids and
aqueous liquids

Moderate
volume
reduction for
liquids,
Increases
volume for solids

‐ Converts liquids to solids
‐ Stabilizes small or dispersible
solid items
‐ Relatively simple process
‐ Not sensitive to residual moisture
in wastes

‐ High temperature process
(conventional safety related
issues)
‐ Short-term radiological (e.g.
tritium & C-14) and nonradiological (PAHs, NOX, etc)
emissions
‐ Some waste forms will degrade
rapidly when in contact with water
(e.g. IX resins will swell and
rupture the waste form)
‐ Adds organic material to the
repository, so will increase longterm gas generation
‐ Hot bitumen can present a fire
hazard during processing

‐ Can be used to volume reduce
and solidify aqueous liquids
‐ Has been practiced at OPG
facilities in the past for specific
waste streams (mostly aqueous
liquids and sludges)
‐ Practice will be continued as
required for applicable waste
streams
‐ Will generally increase long-term
hazards by adding more organic
material to the repository (in the
form of the bitumen binder)

Polymer
solidification

Most solids and
aqueous liquids

Increases
volume

‐ Converts liquids to solids
‐ Stabilizes small or dispersible
solid items
‐ Relatively simple process
‐ Produces a water resistant waste
form
‐ Reduces mobility of radionuclides
by providing a lower permeability
matrix

‐ Adds organic material to the
repository, so will increase longterm gas generation
‐ Polymer formulation is sensitive to
waste chemistry (e.g. trace
amounts of organic oils or
solvents may interfere with the
polymerization process)

‐ Has been practiced at OPG
facilities for specific waste
streams (mostly ALW sludge) to
produce a stable product
‐ Practice will be continued as
required for applicable waste
streams
‐ Will generally increase long-term
hazards by adding more organic
material to the repository (in the
form of the polymer binder)
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Technology

Applicable Waste
Types

Volume
Reduction

Advantages

Disadvantages

Applicability to OPG Wastes and
Rationale

Grouting

Most waste
containers

None
(used to fill void
space of
containers)

‐ Relatively simple process
‐ Can be used to add shielding to a
container without increasing
volume
‐ Can be used to stabilize “loose”
contents in a container
‐ Can reduce the mobility of C-14
by chemically trapping it as a
carbonate in the cement matrix
‐ Reduces mobility of radionuclides
by providing a lower permeability
matrix and also generally reduced
solubility due to high pH.

‐ Does not remove organics or
metals (e.g. will not reduce
potential for gas generation or
chemical reactions)
‐ Increases the corrosion rate of
some metals (such as aluminum)
‐ Increases gross mass of container
(which may exceed its design
capacity)

‐ Has been practiced at OPG
facilities in the past for specific
waste streams (e.g. encapsulating
tileholes)
‐ Practice will be continued for
applicable waste streams
‐ No significant impact on long-term
hazards
‐ May reduce short-term hazards by
adding shielding and structural
strength

Overpacking

Most waste
containers

Increases
volume

‐ Puts waste in new containers that
can be designed to meet the final
DGR waste acceptance criteria
‐ Can be used to standardize the
handling of a wide range of
containers
‐ Can be used to add shielding to a
container
‐ Can be applied to both LLW and
ILW containers
‐ Reduces combustibility risk for
some wastes by providing more
barriers

‐ Will lead to significant increase in
volume
‐ Metallic overpacks will increase
amount of metal in repository,
thus increasing potential for gas
generation
‐ Additional worker dose from extra
handling of containers

‐ Has been practiced at OPG
facilities in the past for specific
waste containers deemed to be at
risk for failure in storage (e.g.
carbon steel IX resin liners)
‐ Practice will be continued as
required for containers that do not
meet the DGR WAC
‐ Additional existing and future
wastes could be overpacked, but
this would lead to a significant
volume increase as well as a
significant increase in the mass of
metal in the DGR
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Technology
Repackaging

Applicable Waste
Types
Most waste
containers

Volume
Reduction

Advantages

Disadvantages

Generally
increases
volume

‐ Puts waste in new containers that
can be designed to meet the final
DGR waste acceptance criteria

‐ Can lead to significant increase in
volume and mass of metal in the
DGR since the most or all of
emptied old containers would
need to be considered as
radioactive waste
‐ Does not remove organics (e.g.
will not reduce potential for gas
generation or chemical reactions)
unless part of the waste is sorted
and diverted for thermal
processing (e.g. incineration)
‐ Labour intensive, which would
result in additional worker dose
from handling of waste and
containers
‐ Difficulty in opening some waste
containers and extracting the
wastes (e.g. IX resins)
‐ Will require a purpose-designed
facility
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Applicability to OPG Wastes and
Rationale
‐ Some wastes from trenches and
IC-18s will require repackaging in
order to meet DGR size and
weight requirements. This is
expected to be done in dedicated
campaigns.
‐ Will generally increase long-term
hazards by adding more metal to
the repository (in the form of
additional containers)
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 Section 10,
Existing
Environment

Information Request:

 Section 10.1.4,
Terrestrial
Environment

Context:

Provide the specific “generally accepted mitigation measures” that will be undertaken by OPG to ensure no unacceptable
effects on snapping turtles.

The response to EIS-05-168 includes the following statement “Wetland 3 will be disturbed by site preparation and
construction activities; however, appropriate environmental management plans will ensure that potential effects on
sensitive turtles that might be utilizing the habitat at that time are controlled through generally accepted mitigation
measures”. More information is required with respect to which mitigation measures are the most likely to be effective and
acceptable.
OPG Response:
As part of the field studies completed for the terrestrial assessment, a survey of vegetation communities, including
community classification and delineation, was completed using the Ecological Land Classification (ELC) System for
Southern Ontario (Lee et al. 1998), as described in Section 5.4.1 of the Terrestrial Environment Technical Support
Document (TSD) (GOLDER 2011). Plant species communities were identified and mapped using the ELC criteria and
definitions for size and composition. The mapping of “wetland” habitat units using this method differs from the methods
employed during the additional targeted survey completed during April 2012 to assess the presence of reptile and
amphibian habitat within the DGR Project site (OPG 2012, EIS-05-168). As described in OPG’s response to Information
Request (IR) EIS-05-168 (OPG 2012), the use of the term “wetland” to describe habitat units is applied broadly to identify
seasonally or permanently wet areas with no minimum size criteria in the April 2012 work. This application of
terminology is less rigorous than the protocol described in the ELC criteria, which includes minimum size requirements,
soil moisture and plant species composition that would not be met by some of the habitat units examined as part of the
targeted survey.
The feature identified as ‘Wetland 3’ is a temporary ponded area resulting from impeded drainage, adjacent to an area
that has been previously disturbed. The drainage pattern around this area is controlled by human activities and ponding
is typically associated with depressions created through past fill placement and grading activities. Because the area is
underlain by bedrock and drainage is mostly lateral and not vertical, an area of standing water may develop quickly
where surface drainage has been blocked. As this area did not exhibit several of the characteristics used to identify ELC
wetland features (i.e., size, soil characteristics and plant species composition), and because all of the features on and
around the open area were affected by anthropogenic activities, a designation of “wetland” was not applied to this feature
in the Environmental Impact Statement (EIS) (OPG 2011). The area identified in the April 2012 targeted survey as
Wetland 3 does not meet the ELC criteria and was not identified as a wetland in the Terrestrial Environment TSD
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(GOLDER 2011). However, this area is referred to as “Wetland 3” below for consistency.
The preferred habitat for snapping turtle is characterized by slow-moving water with soft mud substrate and dense
aquatic vegetation. This species can occur in ponds, sloughs, shallow bays, or river edges and slow streams, preferring
permanent bodies of water. Although individual turtles will persist in heavily urbanized water bodies (e.g., golf course
ponds, irrigation canals), it is unlikely that populations could become established in such habitats (COSEWIC 2008).
Wetland 3 is not preferred habitat for snapping turtle.
Midland painted turtle was selected as a valued ecosystem component (VEC) to represent a broad number of turtle
species and turtle habitat use in the Site Study Area (for a complete list of turtle species documented in the Local Study
Area refer to Table 5.8.2-2 in GOLDER 2011). Midland painted turtle can be found in the shallow water and shallow
marsh habitats of the Baie du Doré wetland and appropriate habitats throughout the Local Study Area. The Midland
painted turtle was selected as a VEC because it is sensitive to non-radiological emissions, in particular water discharges,
and road-related mortality is an important consideration for sustainability for Ontario turtle populations. Key factors
examined for this species included: presence, distribution, relative abundance, habitat use, changes in habitat availability
and suitability and effects on individuals. Common snapping turtle was listed by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) as a species of special concern in November 2008 and by the Committee
on the Status of Species at Risk in Ontario (COSSARO) as special concern in March 2009. VEC species were selected
based on a number of factors as listed above, not just rarity and were chosen prior to designation of snapping turtle.
The purpose of turtle surveys by Golder was to determine presence of the various turtle species known to occur in the
area, in order to assess the effects of specific project works and activities on those species, as represented by the
selected VECs and their preferred habitats. Two separate basking turtle surveys were conducted at 17 sites identified as
potential preferred habitats. Basking surveys are an established protocol to determine turtle presence. The intent of the
surveys was not to identify all specimens or to survey low quality or marginal habitat features. The targeted survey
added additional habitat features, and used the term “wetland” to name them.
Three separate observations of snapping turtles were made during the course of field investigations on the Site.
Snapping turtles were observed in two locations during the targeted survey: one adult foraging in “Wetland 3” and
another individual foraging in “Wetland 4” (as shown in OPG’s response to EIS-05-168 (OPG 2012), “Wetland 4”
corresponds to the area referred to as the marsh in the EIS). One observation was made in an additional location
(drainage ditch) during field data collection for the DGR Project. In summary, the DGR Project site and Site Study Area
immediately adjacent to the DGR Project site provide limited habitat for snapping turtle. This is supported by the
observation of only three individuals from 2007, 2009, and 2012 turtle surveys. Habitats of higher quality and greater
extent are provided in the Local Study Area, including provincially significant wetlands located to the north of the Site
Study Area.
“Wetland 3” is located within the Project Site and will be removed during site preparation activities. This area provides
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opportunities for foraging, loafing and basking but does not provide suitable habitat for overwintering or nesting.
Snapping turtles will travel between more suitable habitat units during critical lifecycle periods, and the loss of the habitat
associated with “Wetland 3” is not expected to negatively affect individual specimens of snapping turtle that may casually
use this habitat feature.
Furthermore, the loss of this feature is not expected to have a negative effect on turtle populations, and mitigation
measures are available to protect individual specimens from impact during and after construction.
In OPG’s response to IR-EIS-05-168 (OPG 2012) it was recommended that “appropriate environmental management
plans will ensure that potential effects on sensitive turtles that might be utilizing the habitat at that time are controlled
through generally accepted mitigation measures”. The mitigation measures best suited to protect individual snapping
turtles using the marginal habitat units identified within the Project Area include the following measures:




avoidance through timing of activities to allow turtles to move from wintering to spring and summer habitats
(when feasible);
installation and regular monitoring of exclusion fencing to prevent turtles from overwintering in poorly drained
areas that will be cleared during the site preparation activities; and
close consultation with the local Ministry of Natural Resources (MNR) to develop mitigation plans, including
strategies for relocating species to optimal habitats located within the Site Study Area and Local Study Area.

OPG has been in consultation with Species at Risk Biologists at the local MNR office to initiate pre-consultation
regarding mitigation plans for species at risk associated with the DGR Project. OPG will continue consultation with the
MNR to develop plans that are appropriate to the specific requirements of snapping turtle as they relate to the habitat in
the DGR Project Area. The plans will be developed and applied prior to the commencement of any construction
activities.
References:
COSEWIC. 2008. COSEWIC Assessment and Status Report on the Snapping Turtle Chelydra serpentine in Canada.
Committee on the Status of Endangered Wildlife in Canada.
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Lee, H.T., W.F.D. Bakowsky, J. Riley, J. Bowles, M. Puddister, P. Uhlig and S. McMurray. 1998. Ecological Land
Classification for Southern Ontario. Ontario Ministry of Natural Resources Southcentral Science Division.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
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OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
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LPSC 04-63

 Section 4.1,
Scope of Project

Information Request and Response

Information Request:
Provide clarification of the proposed underground dewatering system and its interconnecting flow path elements using a
simplified plan view of underground features, as could be superimposed and displayed on EIS Figure 4.4.2-1.
Context:
The response to LPSC 01-19 was only partially complete. The sizing and general siting of main sump pumps, located at
the Main and Ventilation shaft sump areas, have been detailed. However, no siting information or description of other
underground drainage features, such as gravity drain systems located within and external to each repository panel, or
the location of the oil/water separator station (the surface location for underground sump water release) in relation to
other surface facilities, has been provided.
A simplified graph illustrating flow connectivity of the underground dewatering system was submitted with OPG’s
response to LPSC 01-19, but this does not indicate the spatial location of sumps or interconnecting drainage flow paths
between the various water collection points and sump systems, as originally requested.
OPG Response:
The information requested was presented on July 18, 2012 to the Joint Review Panel in Slides 48, 49 and 50 as part of
the JRP’s Technical Information Session (TIS) #2 (OPG 2012). For convenience, these slides are presented below as
Figures 1 through 3, respectively.
Figure 1 illustrates how repository tunnel grading causes water to flow by gravity through the tunnels and ultimately
collects at the main sump. It should be noted that during construction, relatively large amounts of process water (i.e.,
water used for drilling and dust suppression) will drain from the repository to the main sump. Whereas, during
operations, the emplacement rooms and tunnels are expected to be dry and thus little to no water is expected to flow
from these areas to the main sump.
There will be a sump at the bottom of the ramp near the ventilation shaft. Groundwater flowing into the two shafts, as
well as any water collected in the ramp itself, would flow to this sump. The bottom of the main shaft is connected to the
sump at the bottom of the ventilation shaft via the ramp (see Figure 2).
During both construction and operation phases, water will be pumped from the underground main sump to surface into
an oil/water separator where it will be treated to remove any oils, grease and suspended solids (see Figure 2 & 3). The
oil/water separator will be located in the vicinity of the shafts, upstream of the dewatering ditch system (see Figure 3).
The treated water will be discharged into the ditch system where it will flow to the stormwater management pond.
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Figure 1: Water Management – Repository Drainage
(Slide 49 in OPG’s Presentation to JRP TIS#2)
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Figure 2: Water Management – Repository Sumps
(Slide 50 in OPG’s Presentation to JRP TIS#2)
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Figure 3: Site Grading and Drainage for Construction
(Slide 48 in OPG’s Presentation to JRP TIS#2)
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Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
LPSC 04-64

 Section 4.1,
Scope of Project

Information Request:
Using recent information obtained by borehole drilling and testing at the site of the proposed ventilation shaft (DGR-7),
and provide information on the effectiveness of grout injection within the uppermost 180 meters of bedrock for reducing
the local hydraulic conductivity of this bedrock formation and restricting water inflow into the future shafts.
Provide estimates of predicted groundwater flows into the shaft structures prior to use of any ground improvement
techniques, and compare predicted flow estimates that would exist after each ground improvement technique (ground
freezing and grout injection) is applied.
Context:
More recent information on geomechanical properties of near surface rock strata and groundwater flow characteristics of
rock zones at future shaft site locations, than is available in the EIS, has been compiled following completion of two
additional site boreholes (DGR-7 and DGR-8). Additionally, ground treatment through grout injection was undertaken at
the ventilation shaft site to assess the capability of this technique for reducing potential groundwater inflow into the
proposed shaft. Data that was obtained through this localized site drilling and grout injection program would provide
additional baseline data for both initial and post-grouting water inflow and rock hydraulic conductivity characterization of
the upper strata, but has not yet been released.
Revised calculations of mine water inflow rates into the future shafts and repository sumps, that incorporates site drill
hole measurement data from drill hole DGR-7 following grout injection, was requested as Undertaking TIS 7 from the
July 18, 2012 Technical Information Session. No documentation of site measurement data that reflects reduced hydraulic
conductivity character of the uppermost 180 metres of rock has been supplied.
OPG Response:
The sinking of the Main Shaft and the Ventilation Shaft through the upper 200 m of bedrock will be impractical without
ground treatment; i.e. surface-based treatment by freezing or grouting and/or cover grouting while shaft sinking. There
are two surface-based options for ground treatment: ground freezing and grouting. A surface-based grouting program
would likely be less expensive to implement and could be executed in a shorter period of time. In addition, the grout
curtain has the added long-term benefit of remaining in-place after the shaft sinking activities are completed and during
DGR operations. It is expected that the grout curtain, in conjunction with the concrete shaft liner, will greatly reduce the
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potential amount of groundwater inflow into the two shafts from the permeable upper bedrock strata (see OPG’s
response to Information Request (IR) LPCS-01-31(OPG 2012)). The use of surface-based grouting (also called pregrouting or pre-cementation) of deep shafts has been reported in the literature (e.g., Heinz 1988; Henn 1996; Spychak
2009). To test the feasibility of surface-based grouting around the two DGR shafts, it was decided to conduct a deep
grouting trial at the planned location of DGR ventilation shaft to a depth of 200 m.
Phase 1 of the deep grouting trial was conducted in 2011. The results of the Phase 1 trial were assessed and
demonstrated that surface-based grouting is likely feasible at the DGR site. The deep grouting trial was continued in
2012 and the results from Phase 2 of this trial continue to support feasibility of surface-based grouting as a means of
limiting groundwater inflows at the two shafts.
Prior to the grouting, the hydraulic conductivity of the untreated bedrock to a depth of 180 mBGS had zones of hydraulic
conductivity as large as 10-4 m/s (peak un-grouted inflows in the Bass Island upper and lower formations of 126 L/s
(2,000 USGPM) calculated). The goal at the outset of the deep grouting trial was to demonstrate that it would be
possible to reduce the bulk hydraulic conductivity of bedrock to approximately 10-7 m/s (~2 lugeons). Based on the
analysis of pump drawdown tests (with pumping well inside the grouted curtain at the centre of shaft), the hydraulic
conductivity of the Phase 2 grout curtain is estimated to be on the order of 7 x 10-7 m/s (~ 5 lugeons) with the installation
of primary and secondary grout holes to depth. By additional tertiary hole grouting, it is likely that the bulk hydraulic
conductivity will achieve the target hydraulic conductivity. The Phase 2 program shows that shorter tertiary holes, limited
to 130 m depth, would be sufficient to complete the closure of the grouting curtain. The inclusion of tertiary grout holes
would have to be assessed against the option of cover grouting for the known water bearing horizons.
The groundwater inflow modeling that incorporates a grout curtain (or annulus) around the shafts has been completed as
discussed in OPG’s response to IR-EIS-01-01 (OPG 2012). The grout curtain is assumed to be 3 m thick with a
hydraulic conductivity of 10-7 m/s. With this assumed effectiveness of grouting, the estimated groundwater inflows while
sinking through the top 200 m are in the range of 2 to 4 L/s. A sensitivity analysis was conducted for a grout curtain
performance of 10-6 m/s. In this case, estimated groundwater inflows were much higher. However, it would not be
possible to sink the shaft with such high water inflows and therefore additional ground treatment would be applied, either
from surface or by in-shaft cover grouting, until the target maximum inflow of 3 L/s was met (refer to OPG’s response to
IR-LPSC-01-31 (OPG 2012) for additional information about proposed ground treatment by grouting). Any future inflows
in the shaft post shaft sinking are controlled through the hydrostatic shaft liner, not the grout curtain, which is designed
for full, untreated hydraulic loading.
There is high confidence based on experience in recent shaft sinking projects that ground freezing is viable to depths of
200 m and can reduce potential groundwater inflows to less than 3 L/s into the shaft excavations. However based on the
results of the aforementioned deep grouting trial, there is also confidence that surface-based grouting (prior to start of
sinking) in the upper 200 m of the shaft can reduce inflows to about 3 L/s. This rate of inflow is manageable with
pumping systems normally used during sinking. Thus for the reasons stated above surface-based grouting is currently
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preferred over ground freezing as the method of ground treatment to be used prior to the start of shaft sinking at the
planned locations of the Main Shaft and Ventilation Shaft. This could be in conjunction with cover grouting of specific
horizons from within the shaft during sinking.
References:
Heinz, W.F. 1988. Pre-cementation of Deep Shaft. International Journal of Mine Water, V7, N4, December 1988,
pp.1-12.
Henn, R.W. 1996. Practical Guide to Grouting of Underground Structures. Thomas Telford, London.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
Spychak, Y.N. 2009. Pregrouting during Deep Shaft Sinking. International Mine Water Conference, Pretoria, 19-23
October 2009, pp. 322–329.

LPSC 04-65

 Section 8.1,
General
Information and
Design
Description

Information Request:
Describe how postclosure safety functions and geologic barriers may be impacted by changes to repository design
features and modifications to planned construction activities that may be necessitated once in-situ development of the
repository occurs. Should development-induced or other changes to in-situ stress conditions occur after initiation of the
construction phase, explain how barrier features would be impacted by such changes and how modifications for features
would be addressed and implemented.
Describe plans and processes that will ensure that information relating to changes in planned construction activity will be
identified and communicated to and between contractors for all phases of construction and development. Plans and
processes should include, but not be limited to, the Design and Construction Phase Management System (DGR-PD-EN0001) that describes the project management system to support construction activities.
Context:
A description of anticipated safety features, such as maintenance of geomechnical stability of excavations by shaping
and aligning repository rooms according to the magnitudes and orientations of principal in-situ stress components, will
require that detailed testing be performed prior to panel development.
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OPG Response:
1) Panel Pillar: Main rock pillar between Panel 1 and Panel 2 is 40 m wide to help ensure long-term repository
stability. The long-term geomechanical modeling used to set this pillar width was based on a conservative
assumption about strength of the Cobourg Formation (i.e., long-term strength equal to 45 MPa) (NWMO 2011a,
Section 6.4.5). If the aforementioned future testing of large rock samples indicates the Cobourg Formation has lower
strength than assumed during design, then the panel pillar width could be increased within the DGR Project
Boundaries to achieve long-term safety objectives. The Cobourg Formation has a large lateral extent and is
sufficiently uniform in thickness to allow the implementation of this design change, if required.
2) Room Alignment with Major Principal Stress Direction: Emplacement rooms are oriented in the direction of
major principal stress direction to minimize overstressing of rock around room openings and to promote stability.
The direction of the stress field and magnitude of stresses are based on limited DGR data since reliable site-specific
borehole measurements could not be performed. Thus, numerical modelling and field observations in deep DGR
boreholes were used to estimate in-situ stress conditions at the DGR site (NWMO 2011a, Section 3.3). In particular,
the major principal stress at the repository horizon is assumed oriented in NE to ENE direction relative to true north.
This assumption is consistent with regional trends in Eastern North America. It is also supported by ellipticity
detection analysis carried out in DGR boreholes (NWMO 2011a, Section 3.3.1). Assumptions regarding in-situ
stress were also reviewed and agreed by NWMO’s Independent Technical Review Group. Field verification of in-situ
stress conditions will be conducted shortly after the shafts have been excavated to the repository horizon, and before
extensive lateral development begins (NWMO 2011b, Section 2.1.6).
In the remote event that the measured horizontal principal stress orientation are significantly different (more than
+/- 30 degrees) than the orientation assumed in design, the emplacement rooms could be realigned within the DGR
Project Boundaries, as required, to maximize stability. The underground layout was deliberately selected so as to be
flexible to such a change, and still meet the aforementioned roof and floor cover requirements as well the room and
panel pillar width requirements.
3) Room Design and Assumed Stress Magnitudes: Vertical stress at the repository horizon is calculated to be
approximately 18 MPa and the major and minor horizontal stresses are estimated to be 36 MPa and 27 MPa,
respectively. The in-situ horizontal stress magnitudes are considered upper bound values and are conservative for
design. Numerical modelling has shown that these are the maximum horizontal stresses that could exist in the
Cobourg Formation without causing breakouts in a deep borehole intersecting this formation. Borehole breakouts
were not seen in any of the deep DGR boreholes that intersected the Cobourg Formation (NWMO 2011a,
Section 3.3.2).
In the unlikely event that future in-situ stress testing at the repository level yields magnitudes which are significantly
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larger than values used in design, then the emplacement room design could be modified to reduce overstressing and
to better achieve mechanical stability. Specifically the rectangle emplacement rooms could be modified to
incorporate an arched roof. Additional rock support could also be used to stabilize roof rock.
The Norton Mine in Barberton, Ohio is located in a geological setting similar to setting at the DGR site and
demonstrates that stable underground openings can be created in a massive limestone formation at depth. This
mine was developed at a depth of 670 m within the 75–m-thick massive limestone. In-situ overcoring stress
measurements within the mine at the 670 m depth revealed high horizontal stresses at about twice that of the
vertical component. There is no evident damage or instability to openings even at sectors of the mine that have
been abandoned since the late 1940’s (NWMO 2011a, Section 3.2.1.3).
Based on site characterization work completed to date, it is not expected to encounter any major geologic anomalies
(e.g., major faults, karst) while excavating the tunnels and emplacement rooms within the Cobourg Formation (NWMO
2011a, Section 2.3.9). However in the remote event that a major geologic anomaly is encountered, construction of the
repository would cease and the potential impact of this anomaly on the repository design and its long-term safety would
be assessed.
Management of Design Change During Construction
Before construction starts there will be a set of engineering documents stamped ‘Available for Construction’ (AFC), which
have been accepted and authorized for use. Change processes for design are detailed in the NWMO Design
Management procedure (NWMO 2012) and will be further reinforced in several governance documents in development
including procurement management, construction management, commission management, and configuration
management. In the event future geotechnical testing or other data during construction yields results that are outside the
authorized AFC documents it will trigger a review to determine the significance of the difference. There will be a field
change process for changes within acceptable parameters, which is overseen by NWMO’s DGR project engineering
group. If field results are outside design requirement acceptance criteria it will trigger a managed design change
process. The change process would ensure the following:
1. Requirements to ensure geomechanical stability and postclosure safety have been properly incorporated into the
modified repository design.
2. Proposed design changes are reviewed and accepted by responsible geoscience and safety assessment
managers.
3. If a requirement(s) cannot be met, then alternatives will be planned and approved prior to the construction for
that area of the repository.
4. Approval to implement change will be sought from “designer-of-record” before construction begins.
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References:
NWMO. 2011a. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2012. Design Management. Nuclear Waste Management Organization procedure NWMO-PROC-EN-0001
R004.

LPSC 04-66

 Section 9, LongTerm Safety of
the DGR

Information Request:
Provide a straightforward, standalone safety case for the Licence to Prepare Site and Construct. Required components
of this standalone document are outlined below:


operational definitions of all goals for management of occupational and public health and safety risk, and
environmental risk, e.g., an operational definition for statements such as “no unacceptable risk for workers” and
“…ensures that pollution is minimized”;



a cohesive overview of the Preclosure Safety Assessment including, but not limited to, the following safety
areas:
o

Occupational health and safety;

o

Public health and safety;

o

Environmental protection; and

o

Emergency response to conventional accidents and malfunctions.



the explicit connections between risk management (EIS Section 4.9) and the overall safety case. This may be
provided in part by way of an illustration (e.g., Figure 1-4: Studies Contributing to the Safety Case - RA Phase, in
the Preliminary Safety Report) of the connections between and among individual management plans for the site
preparation and construction phases;



evidence that the risk management plan addresses all significant risks associated with site preparation and
construction phases. Confirm that there are management plans that address all hazardous activities and
conditions identified in the preliminary conventional safety assessment;



confirmation that there are management plans that address all environmental risks associated with the site
preparation and construction phases, e.g., the management for potential acid rock drainage; e.g.,
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comprehensive stormwater and mine water management plans; and


the objective and desired outcome, for each instance where an action is required to mitigate effects. e.g., the
objective and desired outcome for reclamation of disturbed wetland habitat

Context:
It is unclear how the Design and Construction Phase Management System reflects an overall, governing safety case for
the Site Preparation and Construction phases. This safety case forms the licensing basis for the Licence to Prepare Site
and Construct.
Individual components of a safety case are currently scattered among the EIS, the PSR and various TSDs, and are not
consolidated.
Operational definitions have been provided for radiological safety, e.g., maximum allowable dose to workers. Similar
operational definitions are required for other aspects of safety and environmental protection.
OPG has stated that “If the mitigation and control measures are used, it is anticipated that there will be no unacceptable
risks to workers resulting from the DGR project.” (EIS Section 8.3.2.4)
Further, OPG states that “A number of plans and procedures have been developed to protect the environment, and
health and safety of the public and workers for the site preparation and construction phase of the DGR project.” OPG
also refers to the “Design and Construction Phase Management System.” (EIS Section 4.7.8)
OPG is also committing to “construction and commissioning activities… conducted in a manner that ensures employee
and contractor health and safety.” (EIS Section 4.7.8.7)
These commitments are not supported by explicit compliance and verification criteria that reflect the overall safety case
(e.g., acceptable Lost Time Incident frequencies). The derivation of these explicit criteria can be based, in part, on
benchmarking for similar industrial activities, including mining. For example, best practice in construction-related health
and safety might produce a particularly rigorous benchmark for worker safety.
OPG Response:
This Information Request (IR) asks for a “straightforward, standalone safety case for the Licence to Prepare and
Construct.” It also asks for “a cohesive overview of the Preclosure Safety Assessment….”. Clarification was received
from the Panel indicating that their intent in referring to ‘Preclosure Safety Assessment’ was to refer to the site
preparation and construction phase of the DGR project, and not the period post in-service (JRP 2013).
The following response presents a ‘safety case’ for the site preparation and construction phase of OPG’s Low and
Intermediate Level Waste (L&ILW) DGR project, addressing public and occupational (worker) health and safety, and
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environmental protection, as requested in this Information Request.
1. Introduction
It is important to clarify here that the safety case for a deep geological repository has traditionally been associated with
the “deep geological repository system”, as for example, in the following commonly-used definition (NEA 2004): “an
integration of arguments and evidence that describe, quantify and substantiate the safety, and the level of confidence in the safety,
of the deep geological repository system.” This definition has been interpreted internationally as being focused largely on
long‐term (postclosure) safety. Canadian Nuclear Safety Commission (CNSC) Guide G-320 (CNSC 2006) also associates
the safety case for a deep geological repository for radioactive management with long-term safety. The International
Atomic Energy Agency (IAEA) has included both long-term safety and operational safety in the definition of safety case
for such facilities (IAEA 2006).
A robust safety case for the DGR for overall safety of the public, workers and the environment, as presented in
Chapter 14 of the Preliminary Safety Report (PSR) (OPG 2011a), was formulated using the traditional definition of a
safety case for deep geological repositories for radioactive waste. However, for completeness, it covered all phases of
the DGR project, including the site preparation and construction phase.
The ‘safety case’ presented in this response is constructed differently than the safety case presented in the PSR, to
provide the specific information sought by the JRP in IR-LPSC-04-66. It presents the robust plans in place to ensure
public and worker health and safety, and environmental protection during site preparation and construction.
To provide confidence that the environment and the public and occupational health and safety will be protected during
site preparation and construction activities conducted under the DGR project, the following components need to be in
place:
1.
2.
3.
4.
5.
6.
7.

Objectives and criteria
Identification of risks and hazards
Assessment of risks and hazards
Mitigation measures where required
Management of health and safety of the public and the workers
Environmental management
Emergency response

Since extensive information on items 2, 3 and 4 above has already been presented in the documents submitted in
support of OPG’s licence application (OPG 2011b, OPG 2011c), in OPG’s responses to JRP information requests, and in
the three JRP Technical Information Sessions, this response is focused mainly on the management systems in place to
achieve the specific objectives and criteria in the areas of public health and safety, worker health and safety, and
environmental protection.
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Also, since project-specific information (e.g. operational definitions of current project goals for management of health,
safety and environment; risk management) is provided in detail in lower-tier project documents, not submitted previously
to the JRP, such as the DGR Health and Safety Management Plan, DGR-PLAN-08962-1001, and the Environmental
Management Plan, DGR-PLAN-07002-1001, these documents are enclosed with this response. Note that detailed plans
and instructions for managing risks specific to site preparation and construction hazards will be developed in accordance
with the project management system.
To present the safety case for managing risks to the public, workers and the environment for the duration of the site
preparation and construction phase, this response is structured as follows:
Section 2 – Regulatory Requirements to Obtain a Licence to Prepare Site and to Construct (provides information on
applicable regulations and regulatory guidance and information submitted to meet the regulatory requirements)
Section 3 – OPG/NWMO Management Systems (provides connections between individual management plans for the
site preparation and construction phase)
Section 4 – Public Health and Safety (includes objectives and criteria)
Section 5 – Occupational Health and Safety (includes objectives and criteria)
Section 6 – Environmental Protection (includes objectives and criteria)
Section 7 – Emergency Response (provides information on emergency response to conventional malfunctions and
accidents)
Section 8 – Risk Management (provides information on how identified risks will be mitigated and managed)
Section 9 – Regulatory Compliance (includes commitment tracking, licence/licence conditions handbook compliance)
Section 10 – Overall Summary
2. Regulatory Context
Regulatory Requirements for a Licence to Prepare Site and Construct
The detailed requirements to obtain site preparation and construction licences are described in Section 3 of the General
Nuclear Safety and Control Regulations (SOR/2000-202) and in Sections 3, 4 and 5 of the Class I Nuclear Facilities
Regulations (SOR/2000-204). Other applicable regulations include the Radiation Protection Regulations
(SOR/2000-203), which apply to all nuclear facilities. Uranium Mines and Mills Regulations (SOR/2000-206), while not
directly applicable to the DGR because it is not a uranium mine, have been taken into consideration due to similarities of
some aspects of the DGR project to a mining project.
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In addition to the regulations, a number of CNSC regulatory documents in the following categories are also applicable:

Regulatory policies, which describe general principles that will be applied by the CNSC in their review;
Regulatory guides, which set out regulatory expectations; and
Regulatory standards, which establish regulatory standards.
The DGR project will also comply with the National Building Code and the National Fire Code.
Some regulatory requirements from the provincial jurisdiction also apply to the DGR Project, in particular, Ontario’s
Occupational Health and Safety Act (OHSA 1990) and the following associated Regulations:
 Construction Projects Regulations (Reg 213/91)
 Mines and Mining Plants Regulations R.R.O. 1990 (Reg. 854)
Provincial Environmental Protection and Ontario Waster Resources Acts and provincial agencies provide guidance and
criteria for non-radioactive contaminants, as do the Ontario Drinking Water Standards (Reg. 169/03) and the Soil,
Groundwater and Sediment Standards (MOE 2009).
The DGR project management system has also been developed to comply with the CSA Standard “Management System
Requirements for Nuclear Power Plants”, CSA N286-05.
Information Submitted to Meet the Regulatory Requirements
OPG submitted extensive documentation in April 2011 (OPG 2011b, OPG 2011c) that demonstrates how regulatory
requirements are met for the DGR project. For the CNSC’s regulatory requirements, each applicable clause from the
regulations associated with the Nuclear Safety and Control Act is mapped in a compliance matrix (Attachment 4 to
OPG 2011b) with cross-references to where information to demonstrate compliance with that clause is available in the
licensing submission.
The hierarchy of the submitted documents that provide information on public and worker health and safety, and
environmental protection, is presented in Figures 1 and 2 for the licensing submission and the environmental
assessment submission, respectively.
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Letter to Submit Documents in
Support of the Licence
Application

Compliance
Matrix

Preliminary Safety Report

Project Requirements

DGR Project
Management System

Radon Assessment

Design and
Construction
Management System

Preliminary
Conventional Safety
Assessment

Figure 1: Information Relevant to Health and Safety of the Public and the Workers, and Protection of the
Environment Submitted in Support of the DGR Licence Application
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Letter to Submit Environmental
Impact Statement

Environmental Impact
Statement

Atmospheric
Environment TSD

Aquatic Environment
TSD

Terrestrial
Environment TSD

Hydrology &Surface
Water Quality TSD

Geology TSD

Malfunctions,
Accidents and
Malevolent Acts TSD

Aboriginal Interests
TSD

DGR EA Follow-up
Monitoring Program

Figure 2: Information Relevant to Health and Safety of the Public and the Workers, and Protection of the
Environment Submitted in support of the DGR Environmental Assessment
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3. OPG/NWMO Management Systems
The highest level of governing document for the DGR project is OPG’s Charter document titled, “Deep Geologic
Repository Project, Management System”, 00216-CHAR-0001. The purpose of this Charter is stated below:
“This management system is applicable to Ontario Power Generation’s (OPG) Low and Intermediate Level Waste
(L&ILW) Deep Geologic Repository (DGR) Project for the regulatory approval, design, procurement and construction of
the project and turnover to OPG. It provides assurance that the L&ILW DGR will be designed, procured, constructed,
commissioned, and turned over in accordance with the requirements of Canadian Standards Association (CSA)
Standard N286-05 Management System Requirements for Nuclear Power Plants as it applies to the L&ILW DGR
Project. This management system integrates the requirements from other management system standards for health,
safety, environment, security, economics and quality to meet the principle that safety is the paramount consideration
guiding all decisions and actions.”
This Charter provides a commitment to the effectiveness and control of the management system described in the
Charter and provides assurance that the OPG management system and the management system of its Engineering,
Procurement and Construction Management (EPCM) contractor (NWMO) meets the requirements of:
 CSA N286-05; various clauses of which establish requirements that ensure health and safety of workers and the
public, and environmental protection;
 OPG policies, values, and objectives; and
 The Project contracts between OPG and NWMO.
This Charter provides assurance to foster the desired safety culture by exemplifying leadership behaviours which
promote safety within the organization and by defining and implementing practices that contribute to:



excellence in worker performance through the management system, and
DGR Project workers demonstrating a commitment to safety culture and to the management system through
adherence to the requirements of the management system and by demonstrating the behaviours and values
that contribute to excellence in human performance and the continual improvement of safety.

OPG has contracted work associated with the regulatory approvals phase and the site preparation and construction
phase of the DGR project to the Nuclear Waste Management Organization (NWMO) under the DGR Services and EPCM
Agreements, respectively. As owner and licensee, OPG remains responsible for all CNSC regulatory requirements and
has the overall responsibility for project management and for oversight of the DGR Services and EPCM Agreements
project management activities. OPG requires NWMO, through its management system, to ensure that all work activities
that have been delegated to the NWMO through the DGR Services and EPCM Agreements are planned, scheduled,
coordinated, controlled, verified where necessary, and supported with resources for safe, timely, and effective
completion.
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NWMO as the EPCM contractor for the DGR project has established a robust management system for the design and
construction phase. This management system is illustrated in Figure 3 and is based on various management plans
which direct, control and monitor activities in the field to meet project objectives set out for health, safety and the
environment. Supporting these management plans is a large suite of procedures that provide detailed guidance on
working safely and protecting the environment.

OPG’s DGR Project
Management System

NWMO’s Design and
Construction Phase
Management System

DGR Project
Quality Plan

Risk
Management
Procedure

Construction
Management
Plan

Miscellaneous
Plans

Construction
Procedures

NWMO Corporate
Policies and
Standards

Environmental
Management
Plan

Health & Safety
Management
Plan

Associated
Procedures

Figure 3: Governing Documents Supporting the Safety Case for the Site Preparation and Construction Phase
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OPG performs oversight of the implementation of the project work to ensure that there is accurate and objective
evidence on performance relative to the plan, and that mechanisms are in place to implement recovery actions where
necessary.
Under the terms of the EPCM agreement with OPG, NWMO will conduct the site preparation and construction activities
using its management system, DGR-PD-EN-0001. NWMO developed its management system for the project using its
corporate policies, procedures and other documents, described in more detail in the remainder of this IR response.
NWMO’s management system states the following:
“In undertaking construction of a DGR for L&ILW at the Bruce nuclear site, the NWMO is committed to carrying out these
activities in a responsible manner that minimizes risk to employees, contractors, and the public. The NWMO will meet all
applicable health and safety legislative and regulatory requirements, and is committed to working in compliance with the
CAN/CSA Z1000-06 Occupational Health and Safety Management standard.”
The documents that form a part of the NWMO corporate governance for Health and Safety include the following:
 Health and Safety Policy, NWMO-POL-WM-0002 describes the minimum requirements for the management of
employee and public health and safety.
 Risk Management (Projects) Procedure, NWMO-PROC-WM-0001 requires that the NWMO project managers
identify, analyze, and evaluate all project risks including health and safety risks. Management is responsible to
implement appropriate mitigating actions to ensure that risks including health and safety risks are either
eliminated or effectively managed. Additional guidance on the assessment of health and safety hazards and the
determination of health and safety hazard controls is provided in the NWMO’s Health and Safety Hazard
Identification Assessment and Controls, NWMO-PROC-ES-0004.
 Health and Safety Objectives and Management Planning, NWMO-PROC-ES-0005, describes the minimum
requirements for health and safety objectives, targets, measures and plans for projects managed by the NWMO
including describing the process for developing and approving health and safety management plans. NWMO’s
Health, Safety and Environment Legal and Other Requirements, NWMO-PROC-ED-0001, describes the process
for identification of legislation and regulatory requirements.
 Emergency Response Standard, NWMO-STD-ES-0001 includes requirements for identifying plausible
emergency scenarios, defining appropriate responses to the scenarios, and establishing responsibilities,
qualifications and capabilities including identifying required equipment and facilities.
The environmental governance of NWMO includes the following documents:
 Environment Policy, NWMO-POL-ES-0001 requires the implementation of an environmental management
system that is compliant with the ISO 14001:2000 Environmental Management System Standard (ISO 2004).
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 Environmental Aspects, NWMO-PROC-ES-0002, procedure describes how the significant environmental
aspects are determined and maintained. The Environmental Objectives, Targets and Programs, NWMO-PROCES-0003, procedure describes the process for the establishment of environmental objectives, targets and
programs including the documentation of the information in an environmental management program or plan.
 Nonconformance and Corrective and Preventative Action Procedure, NWMO-PROC-QA-0001, provides the
steps required for reporting an environmental incident, spill, release or accident. The procedure also describes
the steps for the development of corrective actions to prevent future environmental occurrences or accidents.
The Risk Management (Projects) Procedure, NWMO-PROC-WM-0001, describes the minimum requirements for project
risk management. In accordance with NWMO’s Risk Management Procedure, a DGR Design and Construction Phase
Risk Management Plan is prepared. This plan will be regularly updated by the DGR D&C project team throughout the
project.
A managed system of controlled governing documents, that includes the governance: Standards for Controlled
Documents, NWMO-STD-AD-0001; and Records Management, NWMO-PROC-AD-0002, is used by the NWMO to
provide guidance and direction for employees. The requirements for control of preparation, review, approval,
acceptance and management of documents and records pertaining to all NWMO work are described in these
documents.
The DGR project requirements including the standards, codes, regulatory requirements and legislation applicable to the
project are defined in the OPG-accepted NWMO document OPG’s DGR for L&ILW – Project Requirements, DGR-PDR00120-0001.
There is also the following project-specific documentation which will implement the requirements for health and safety of
the workers and the public, and for environmental protection, during the site preparation and construction phase.
 Health and Safety Management Plan, DGR-PLAN-08962-1001 (discussed in Section 5 and provided as an
enclosure to this response)
 Environment Management Plan, DGR-PLAN-07002-1001 (discussed in Section 6 and provided as an enclosure
to this response)
 Design and Construction Phase Project Quality Plan for OPG’s DGR for L&ILW, DGR-PLAN-00120-0006
 Construction Quality Assurance Plan, DGR-PLAN-01916-1001.
Various other programs, such as the mine and waste-rock related water management program and the hazardous waste
management program, will be part of the environmental mitigation plans and safe work plans which are required by the
Construction Management Plan (DGR-PLAN-00180-1001).
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Overall effectiveness of the NWMO DGR Design and Construction Phase Management System will be internally
reviewed and assessed annually at the NWMO senior management level.
4. Public Health and Safety
One of the foremost objectives in the conduct of the DGR project is to ensure that there is no unreasonable hazard
posed to the public, both on-site and off-site, by the activities undertaken for implementing the DGR project. During the
site preparation and construction phase, the main means by which public health and safety could be impacted is by the
offsite emission of contaminants.
As stated in Section 2, the DGR Project is subject to both federal and provincial legislation. The Ministry of the
Environment is responsible for protecting clean and safe air, land and water to ensure healthy communities, ecological
protection and sustainable development for present and future generations of Ontarians. The Environmental Protection
and Ontario Water Resources Acts are Ontario's key legislation for environmental protection. Activities regulated under
the Environmental Protection Act, R.S.O 1990, Chapter E.19, and the Ontario Water Resources Act, R.S.O 1990,
Chapter O.40, must be carried out in accordance with those Acts, the applicable regulations and the guidelines
administered by the ministry. Regulatory and guideline limits are developed to protect the public and the environment.
The Canadian Nuclear Safety Commission (CNSC) regulates to protect the health, safety and security of Canadians as
well as the environment. During the site preparation and construction phase of the DGR Project, no radioactive
materials are being handled on the DGR project site; hence, there can be no accidents or other incidents involving
radioactive materials that would impact public safety during the site preparation and construction phase.
Objectives and Criteria
As OPG’s EPCM contractor for the DGR project, NWMO has programs in place to identify sources of environmental
releases and manage releases from the DGR Project to within required regulatory limits, which serve as criteria for the
protection of public health and safety.
NWMO’s Environment Policy (NWMO-POL-ES-0001) states that activities and operations are designed to protect the
environment and public health and that work is planned and performed to prevent pollution and protect the environment
and public health. The policy further commits to:
 Integrate practical and meaningful environment and public health considerations into business decision-making
and practices.
 Plan and conduct all activities in a manner that meets or exceeds applicable legislation and NWMO voluntary
commitments.
 Reduce its environmental impacts through efficient and effective use of energy and resources and prevention of
pollution.
1612

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

NSCA Regulations
Section #

Information Request and Response
The NWMO’s Environment Policy is implemented for the project through the NWMO’s DGR Project Environmental
Management Plan (EMP) (DGR-PLAN-07002-1001, enclosed with this response) which is part of the NWMO’s
ISO 14001 (Environmental Management System Requirements) (ISO 2004) registered environmental management
system and discussed in more detail in Section 6 below.
The general public is protected from the hazards of the construction activities of the DGR Project primarily through
restricted access to the Bruce nuclear site. Personnel working at the Bruce nuclear site will be further restricted from
access to the DGR Project through the project’s restricted access. Visitors to the project site will be escorted in
accordance with procedure.
Summary

During the site preparation and construction phase of the DGR project, management systems will be in place
to manage environmental releases within regulatory requirements and minimize effects on public health and
safety.
5. Occupational Health and Safety
Objectives and Criteria
One of the key objectives of the DGR Project is to provide and maintain a safe system of work for its employees,
contractor personnel and visitors. Potential hazards associated with site preparation and construction of the DGR must
be identified; their consequences must be assessed, and mitigation and control measures must be established to
achieve this objective.
The NWMO will be OPG’s EPCM contractor for the site preparation and construction phase of the DGR project and will
act as ‘constructor’ under the Ontario Health and Safety Act (OSHA). As such, the NWMO’s DGR Project Health and
Safety Management (HSM) Plan (DGR-PLAN-08962-1001, enclosed with this response) identifies a number of health
and safety drivers, such as legal requirements, corporate policies, codes and standards, work activities and associated
risk, etc; and defines a number of project commitments and goals to be used as criteria against which the abovementioned project objective will be measured. This plan will be reviewed and modified as necessary, prior to start of the
site preparation and construction activities.
The HSM Plan is part of the NWMO’s CSA Z1000 (Occupational Health and Safety Management) (ISO 2008) registered
health and safety management system and is consistent with best industry practice.
The HSM Plan includes the following commitments:
 Identify all hazards to the health and safety of personnel;
 Assess the risks to personnel;
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 Assess all potential risk reduction measures with a particular emphasis on the elimination or reduction of hazard
at source;
 Reduce anticipated risks to all personnel potentially impacted by the design to As Low as Reasonably
Practicable;
 Execute all activities in a responsible manner in accordance with the NWMO Health and Safety Policy and
requirements, and appropriate legislation, as it applies at each site;
 Monitor and update this HSM Plan throughout the project life;
 Maintain safety and health awareness through the project;
 Ensure that an overall program of reviews and audits is carried out; and
 Promote and reinforce good behavioral safety and personal accountability for safety & health.
The key health and safety performance indicators currently under consideration for the project are defined in Table 1.
The target values for the performance indicators indicated in Table 1 will be reviewed and modified, as necessary, prior
to the start of site preparation and construction activities.
Table 1: Health and Safety Performance Indicators and Their Definitions
Performance
Indicator

Definition

Temporary Total
Disability Rate

Temporary Total Disability Rate
(Lost Time Incidents x 200 000 / exposure hours)

All Injury Rate (AIR)

The All Injury Rate measures the number of injuries
involving workers that result in lost time or requiring
medical treatment,(number of Lost Time Incidents +
Medically Treated Incidents x 200 000 / exposure
hours)
The Accident Severity Rate is a measure of the
number of days lost due to injuries to workers, i.e.
number of calendar days lost per 200 000 hours
worked. (calendar days lost x 200 000 / exposure
hours)
A high MRPH incident is one where death or PTD
(Permanent Total Disability) had the reasonable
potential to occur.

Accident Severity
Rate (ASR)

High Maximum
Reasonable
Potential to Harm
(MRPH) incident
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Health and Safety Management System
An initial assessment of conventional hazards to workers during site preparation, construction and operations has been
conducted systematically using a screening process hazard analysis method combined with a job hazard analysis
approach in the Conventional Safety Assessment (MARCH 2011). The assessment of hazards forms the basis for
establishing priorities related to mitigation measures and recommendations for the DGR Project, and assists in
determining the safety significance of the hazards associated with certain activities. For each hazardous activity or
condition, control/mitigation measures are recommended.
The HSM Plan (enclosed with this response) further defines the processes for the identification and assessment of
hazards/risks of construction activities, the identification and implementation of mitigation measures, and the monitoring
and evaluation of performance related to these activities. Sections 7, 8 and 9 of the HSM Plan describe these processes
for the DGR Project. Figure 4 illustrates the project’s HSM system.
The Conventional Safety Assessment (MARCH 2011) is a resource to the hazard identification process and the
development of the overall health and safety risk (or hazard) inventory. Additional and on-going risk/hazard
assessments will be conducted prior to the commencement of work on the DGR Project site and includes all
stakeholders who can be affected by the activities being conducted (i.e. client, constructor, contractors, etc.). These
assessments are more focused to the specific contractors and activities being performed and contribute to the project
hazard inventory.
Job Safety Analyses (JSAs) and Safety Work Plans (SWPs) described in the EMP provide tools to address mitigation of
new risks identified during field work.
Project-specific health and safety procedures may be augmented by contractor-specific procedures directly relevant to
the activities being performed. Appendix B of the HSM Plan lists 85 detailed health and safety related procedures which
have already been developed for the DGR project.
The effectiveness of the HSM system includes both active and reactive monitoring. Active monitoring includes the ongoing reporting and assessment of risk and hazard control, auditing, inspection and assessment of performance in the
field and the survey of employee and contractor attitudes and opinions of the safety performance. This proactive
monitoring and reporting of activities, designed to drive the desired workplace behavior, also supports management’s
efforts to achieve the desired positive safety culture.
Reactive monitoring includes tracking the performance against the above-noted performance indicators and evaluation of
incident reporting.
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Figure 4: The Health and Safety, and Environmental Management System for the DGR Project
(note: a larger figure is attached at the end of this table)
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There is confidence in the health and safety management system and the plan put into place for the DGR Project, in
part, because the management system has been designed to be compliant with recognized standards and the plan was
practically tested during the 2011 and 2012 drilling of the DGR-7 and DGR-8 boreholes and associated grouting-testing
activities with no lost-time accidents.
Summary

During the site preparation and construction phase of the DGR project, organizational structures and
procedures will be in place to achieve a high level of worker health and safety.
6. Environmental Protection
Objectives and Criteria
Environmental management of the DGR Project will be done in accordance with NWMO’s DGR Project Environmental
Management Plan (EMP) (DGR-PLAN-07002-1001, enclosed with this response) which is part of the NWMO’s
ISO 14001 (Environmental Management System Requirements) registered environmental management system. This
plan will be reviewed and modified as necessary, prior to start of the site preparation and construction activities
As with the HSM Plan, the EMP identifies a number of environmental drivers, including commitments made in the
regulatory submission, and defines a number of project commitments and goals to be used. Commitments will be
expanded to include any future commitments made during the DGR’s regulatory approval process.
The EMP includes the following commitments:
 identify all hazards to the environment;
 assess the risks to the environment;
 identify all potential risk reduction measures with a particular emphasis on the elimination or reduction of hazard
at source;
 reduce anticipated risks to the environment potentially impacted by the design to As Low as Reasonably
Practicable;
 execute all activities in a responsible manner in accordance with the environmental policies and requirements,
and appropriate legislation, as applies at each site;
 meet the requirements of the EMP, monitor and update throughout the project;
 maintain environmental awareness throughout the project; and
 ensure that an overall program of reviews and audits is carried out.
The key environmental performance indicators currently under consideration for the project are defined in Table 2. The
target values for the performance indicators indicated in Table 2 will be reviewed and modified, as necessary, prior to the
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start of site preparation and construction activities, based on industry benchmarks for similar activities.
Table 2: Environmental Performance Indicators and Their Definitions
Performance
Indicator

Definition

Current
Target

Environmental
Infractions

Environmental infractions include any environmental
incident resulting in regulatory action, including
issuance of a Notice of Violation, an order, a
prosecution, or other compliance action. All violations
that lead to an Environmental Penalty (ticket) or
surcharge are also considered infractions. For clarity,
a spill would be considered an infraction only if
charges were laid or a penalty or surcharge was
levied.

≤1/year

Reportable Spills –
Category A and B

Category A - Very Serious
The contravention causes or may cause one or more
of the following adverse effects:
1. Widespread injury or damage to plant or animal life
2. Harm or material discomfort to any person
3. An adverse effect on the health of any person
4. The impairment of the safety of any person
Category B - Serious
The contravention causes or may cause one or more
of the following adverse effects:
1. Localized injury or damage to any animal life
2. Widespread or long-term interference with the
normal conduct of business
3. Widespread or long-term loss of enjoyment of the
normal use of property
4. Widespread damage to property other than plant or
animal life
5. Damage to property, other than plant or animal life,
such that the property cannot be restored, within a
reasonable time, to the condition that existed

0/year
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immediately before the discharge occurred.
Reportable Spills –
Category C

Category C - Less Serious
The discharge is a contravention of s. 14 EPA or s.
30(1) OWRA and is not classified as serious or very
serious. "C" Spills include all discharges to the natural
environment that are reportable to the MOE. (note
exemption in O.Reg 675/98). For reporting purposes,
soil and intake/outfall structures are considered the
natural environment.

≤1/year

Reportable Spills –
Category D

Category D
Potential Spills and spills that are exempted (nonreportable) to the Ministry of the Environment.

≤6/year

Environmental Protection System
A detailed environmental assessment for the DGR project has been conducted and is presented in the Environmental
Impact Statement (EIS). The EIS describes the DGR Project and the existing environmental conditions on the Bruce
nuclear site, and assesses the likely effects of the DGR Project on the environment. The EIS also describes the effects
for normal conditions and as a result of malfunctions, accidents and malevolent acts.
During the execution of site activities, as with the HSM Plan, the EMP defines the processes for the identification and
assessment of hazards/risks of construction activities, the identification and implementation of mitigation measures, and
the monitoring and evaluation of performance related to these activities. Although extensively documented in the EIS, a
summary of existing environmental conditions are described in the EMP. This allows for identification of environmental
aspects that need to be considered when assessing work activities on the site.
The EMP processes for the identification of environmental hazards and risks are similar to those of the health and safety
processes. In fact, environmental considerations are directly incorporated into the safe work plans and job safety
analyses as applicable. Environmental aspects that require consideration in the planning of work are identified and
ranked to determine their overall significance. Appendix 6 of the EMP contains the current listing of environmental
aspects that were identified to support the 2011 and 2012 field investigation programs. Before any new work is
conducted on the project site, the assessment of environmental aspects is conducted and the list is updated, and
management programs are established for any new significant aspects (risks).
Figure 4 also illustrates the project’s Environmental Management system, and as can be noted, follows the same general
process as the HSM system.
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Mitigating measures, which are additional to those previously identified or committed to through the EA Follow-up
Monitoring Program, include activity-specific environmental procedures (refer to Appendix 5 of the EMP), Job Safety
Analyses (JSAs) and Safety Work Plans (SWPs) to include for specific environmental aspects and training requirements.
There is confidence in the environmental management system and the plan put into place for the DGR Project, in part,
because the management system has been designed to be compliant with recognized standards and the plan was
practically tested during the 2011 and 2012 drilling of the DGR-7 and DGR-8 boreholes and associated grouting-testing
activities with no reportable environmental incidents.
Summary

During the site preparation and construction phase of the DGR project, organizational structures and
procedures will be in place to achieve a high level of environmental protection.
7. Emergency Response
The DGR Project Emergency Response Plan (ERP) (DGR-PLAN-08962-1002, enclosed with this response) is integrated
with the health, safety and environmental plans and details the processes for handling emergency or upset conditions at
the site. The ERP requires an assessment of potential emergencies (refer to Appendix C of the ERP) and the required
actions and responsibilities. It should be noted that the enclosed ERP was developed to support the 2011 and 2012 field
investigation programs and will need to be revised in advance of site preparation and construction to reflect the
expanded scope of activities and the associated emergency situations.
The roles and responsibilities include those for external support, and in the case of the DGR project, the role of Bruce
Power Emergency Response. In advance of excavation activities, mine rescue capabilities will be established and the
ERP will be updated accordingly. The DGR is not considered to be a mine under the OHSA; however, trained and
qualified mine rescue teams will be provided as required by the Mines and Mining Plants Regulations (Reg 854). As
required by the Mine Rescue program, a second team is required at site before the first team can go underground and a
third team must be on-route. Back-up will be provided by nearby mine rescue teams through mutual assistance
agreements.
8. Risk Assessment and Management
Risk assessment and management is a key process to support the management of health, safety and environmental
protection and is central to meeting expectations and the project’s goals in these areas. The approach focuses on
identifying, assessing and managing health, safety and environmental protection related risks in project activities at three
levels.
 At the project level, health and safety risks are identified as part of the overall project risk assessment.
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 At the design level, a variety of risk reviews are undertaken to identify construction and operational health, safety
and environmental protection risks to further develop or refine design in order to eliminate or mitigate risk and
create an inherently safe design.
 At the site preparation and construction level, risks identified at the project and design level are augmented by
additional review and assessment completed during work planning and immediately prior to work execution.
During the site preparation and construction phase, workers will be exposed to typical risks associated with working in an
industrial setting, an underground environment, and a construction site. The risks are identified and evaluated in the
Preliminary Conventional Safety Report (MARCH 2011) and the Preliminary Safety Report (OPG 2011a). The
construction-related risks will be typical of those at any construction site and are associated mainly with being in close
proximity to heavy equipment and carrying out excavations at depth. During shaft sinking and lateral development
underground, workers will also be exposed to risks typically associated with mining.
An overview of project health, safety and environmental protection risk management is provided below.
Project Health, Safety and Environmental Protection Risk Management
The approach taken by the project is one of systematic identification of hazards, recording of hazards, performing of risk
assessments, and devising risk controls to eliminate or reduce risk to a tolerable and as low as reasonably practicable
level (ALARP). Project risk identification is a continuous process used to identify significant ways of improving the
health, safety and environmental protection performance. The project will implement a number of risk assessment and
risk management activities prior to work being initiated in the field. These will include:







hazard identification workshops (HAZIDs),
quantitative risk analysis (QRAs),
HAZOPs,
design and engineering reviews,
constructability reviews, and
maintainability and operability reviews.

The DGR Project management team will regularly review existing health, safety and environmental protection
procedures. This is to ensure compatibility with the OHSA and associated regulations and referenced standards.
Design Health, Safety and Environmental Protection Risk Management
A risk-based approach has been fully integrated into the design process. The project risk register is established and is
periodically reviewed and any new risks identified are added. During the design work, design and engineering reviews
including HAZOP and Constructability, Operability, Maintainability and Safety (COMS), reviews are undertaken. These
reviews enhance design which mitigate health and safety risks (hazards, aspects) and identify the need for precautions
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and controls to be established and utilized during site preparation, construction and commissioning.
Site Preparation and Construction Health, Safety and Environmental Protection Risk Management
The project risk register developed during the design phase is the starting point for the development of the risk register
for the site preparation and construction stage of the project. This risk register identifies health, safety and
environmental protection risks (hazards, aspects), and includes an assessment of the risks and identifies the
precautions, barriers and controls including safe work procedures established to minimize the risks (hazards, aspects)
during site preparation and construction.
Change Control and Risk Management
All changes to design, construction method or field procedure will be made in conjunction with risk analysis of the
planned change.
Risk analysis may deem that a change in the design or work procedure is required:
 If a design change is to be affected the formal change management process will be followed.
 If a procedural change is required the procedure will be revised and circulated for review. Once reviewed and
accepted the new procedure will be communicated to those that use it and the required instruction on the new
procedure will be provided.
Explicit Connection between Risk Management and the Overall Safety Case
The Information Request LPSC-04-66 asks for a description of the explicit connection between risk management and the
safety case, using an illustration similar to the one in Figure 1-4 of the PSR. This information is illustrated in Figure 3,
where the risk management procedure is shown as a component of the management system for the DGR project. The
risk management procedure provides an effective tool to assess and manage all risks associated with the activities
conducted under the DGR project.
9. Regulatory Compliance
Section 2 provides the regulatory requirements, most of which originate from the Nuclear Safety and Control Act, the
Regulations and regulatory guidance mentioned in Section 2 . Section 15.2 and Section 19 of the DGR Project
Requirements (OPG 2011b) state the requirement of compliance with all applicable federal and provincial requirements
for occupational safety and environment, respectively.
The Site Preparation and Construction Licence and the associated Licence Conditions Handbook to be issued by the
CNSC will stipulate the specific regulatory requirements and the conditions that will have to be met to demonstrate
regulatory compliance. Once the licence is issued, compliance verification activities will be conducted by CNSC staff to
ensure that project activities undertaken in the site preparation and construction phase comply with the licence.
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There will also be the environmental compliance approvals required to be obtained from the Ministry of Environment for
releases due to the conduct of site preparation and construction activities, prior to commencement of these activities.
Detailed plans and other documents will be submitted to the CNSC by the licensee (OPG) as required by the Licence
Conditions Handbook to ensure compliance with the licence.
A number of commitments have been made by OPG in the regulatory submissions (OPG 2011a, OPG 2011b) and in the
responses to the JRP information requests to date. These commitments have been entered in appropriate databases
and tools are in place to track the fulfillment of these commitments in an organized manner.
10. Overall Summary
The management strategy for the DGR project described in Section 1.9.1 of the PSR includes the project commitment to
ensure that “developing, constructing, operating, decommissioning, and closing the DGR will be carried out in a manner
that protects workers, the public and the environment, and meets or exceeds applicable regulatory requirements.” In
describing the project management approach during the Design and Construction (D&C) phase (that includes site
preparation), the D&C Phase Management System document (OPG 2011b) further reiterates the commitment to ensure
that “the internal allocation of functions, responsibilities and authorities are such that at any moment in time during the
project, the health and safety of workers and general public, and the environment are protected, and all regulatory
requirements are met in accordance with the applicable acts and regulations.”
During the site preparation and construction phase of the DGR project, the environment, and the health and safety of the
public and the workers will be protected through identification and assessment of all project risks and hazards, detailed
evaluation of adverse effects, provision of mitigation measures for malfunctions and accidents and a robust management
system to govern and direct all project work to be conducted in compliance with established quality standards and
regulatory requirements.
References:
CNSC. 2006. Assessing the Long Term Safety of Radioactive Waste Management. Canadian Nuclear Safety
Commission Regulatory Guide G-320. December 2006.
CSA. 2005. Management System Requirements for Nuclear Power Plants. CSA Standard N286-05, February 2005.
CSA. 2006. Occupational Health and Safety Management. CAN/CSA Z1000-06, March 2006.
IAEA. 2006. Geological Disposal of Radioactive Waste. International Atomic Energy Agency IAEA Safety
Requirements, IAEA Safety Standards Series No. WS-R-4, May 2006.
ISO. 2004. Environmental Management Systems – Requirements with guidance for use, ISO 14001:2004, November
2004
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ISO. 2008. Quality Management System Standard Requirements, ISO 9001:2008, November 2008.
JRP. 2013. E-mail from JRP Secretariat, D. Myles to F. King, Clarification on Information Request LPSC-04-66
(Set #9), March 22, 2013. (CEAA Registry Doc# 925)
MARCH. 2011. Preliminary Conventional Safety Assessment. MARCH Consulting Associates Inc. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-37 R000. Toronto, Canada. (CEAA Registry
Doc# 300)
MOE. 2009. Soil, Groundwater and Sediment Standards for Use under Part XV.1 of the Environmental Protection Act.
Ontario Ministry of the Environment, July 27, 2009.
NEA. 2004. Post-Closure Safety Case for Geological Repositories Nature and Purpose. Nuclear Energy Agency, NEA
No.3679, 2004.
OHSA. 1990. Occupational Health and Safety Act (Ontario), R.S.O. 1990, Chapter O.1.
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. OPG letter, A. Sweetnam to JRP Chair, Submission of Information in Support of OPG’s Licence
Application for a Deep Geologic Repository for Low and Intermediate Level Waste, CD# 00216-CORR-00531-00090,
April 14, 2011. (CEAA Registry Doc# 300)
OPG. 2011c. OPG letter, A. Sweetnam to JRP Chair, Submission of an Environmental Impact Statement for a Deep
Geologic Repository Project for Low and Intermediate Level Waste, CD# 00216-CORR-00531-00091, April 14, 2011.
(CEAA Registry Doc# 298)
Reg. 169/03. Safe Drinking Water Act 2002, Ontario Regulation 169/03 – Ontario Drinking Water Quality Standards.
Reg. 213/91. Occupational Health and Safety Act, Ontario Regulation 213/91 – Construction Projects Regulations.
Reg. 854. Occupational Health and Safety Act R.R.O. 1990, Regulation 854 – Mines and Mining Plants.
SOR/2000-202. General Nuclear Safety and Control Regulations, SOR/2000-202.
SOR/2000-203. Radiation Protection Regulations, SOR/2000-203.
SOR/2000-204. Class I Nuclear Facilities Regulations, SOR/2000-204.
SOR/2000-206. Uranium Mines and Mills Regulations, SOR/2000-206.
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OPG Responses to Joint Review Panel EIS Information Request Package 10
IR#

EIS 10-478

EIS Guidelines
Section
 Section 10.1.6,
Ambient
Radioactivity

Information Request and Response

Information Request:
Explain how OPG proposes to differentiate radioactivity from the DGR and radioactivity resulting from the remaining
operations at the Bruce Nuclear site, when confirming the incremental effects of the DGR project in follow-up monitoring.
Context:
Context not required.
OPG Response:
As described in OPG’s response to Information Request (IR) EIS-03-82 (OPG 2012), the Western Waste Management
Facility (WWMF) and the proposed DGR Project are located within the Bruce nuclear site. It is not generally possible
within the Site, Local and Regional Study areas to distinguish the source of emissions of radionuclides found in samples.
Consequently, as discussed in OPG’s response to IR EIS-03-67 (OPG 2012), a single report under the Radiological
Environmental Monitoring Program (REMP) for emissions from the Bruce nuclear site is prepared.
OPG operates a background radiological monitoring program and emissions monitoring for its facilities on the Bruce
nuclear site as a part of this program.




The Waste Volume Reduction Facility (WVRF) radioactive waste incinerator stack and ventilation exhaust stack
are monitored for tritium, particulate and iodine 131 (I-131) emissions. Carbon 14 (C-14) emissions are
monitored on the incinerator stack only.
The Transportation Package Maintenance Building (TPMB) ventilation stack is monitored for tritium and
particulate emissions.
The Western Used Fuel Dry Storage Facility (WUFDSF) ventilation stack is monitored for particulate emissions
only.

Data from this monitoring are provided to Bruce Power who undertakes the remainder of the monitoring program and
compiles and submits the REMP report annually to the CNSC. This approach to monitoring and reporting is expected to
continue once the DGR is in operation.
The EA Follow-up Monitoring Program includes baseline monitoring and regulatory monitoring for radioactivity
(NWMO 2011, Tables 5a and 5b). During site preparation and construction, there will be no sources of incremental
radioactive emissions from the DGR site. Monitoring during this time will provide baseline data. Monitoring will continue
throughout the Operations Phase, including emissions monitoring of sump water from underground and emissions from
the vent shaft. The results will be compared with the baseline data to identify any changes. Though there are no means
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to ensure that any environmental radioactivity measured during the Operations Phase is a direct result of DGR activities,
analysis of the environmental monitoring data during operations compared with the baseline, in combination with the
emissions data, can provide an indication of whether or not radiological emissions are attributable to the DGR in some
situations.
The estimated DGR emissions initially increase as wastes are emplaced, and then decrease with time due to decay, and
as panels are isolated by closure walls in the DGR. In all cases, the DGR estimates are much smaller than the
preliminary DGR Derived Release Limits. Once all the low and intermediate level waste has been transferred to the
DGR and the shafts sealed, there will be no emissions from the DGR.
As stated in OPG’s response to IR EIS-03-67 (OPG 2012), soil samples from the geotechnical boreholes and test pits
drilled at the DGR project site in 2011 are currently archived at the DGR project core storage facility. These soil samples
would be available if there was a future need to check for baseline radionuclides not presently measured.
References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)

EIS 10-479

 Section 11.4.8,
Noise and
Vibration

Information Request:
State which North American noise modelling standard was used, in order to provide a basis for comparison of modelled
predictions with future environmental noise monitoring results.
Context:
There are two very different standard approaches used to model atmospheric sound propagation – worst case
(downwind in all directions) vs. more realistic
OPG Response:
Noise emissions associated with the Project were modelled in accordance with the Ontario Ministry of the Environment
(MOE) guidelines and accepted practices. Specifically, the software used for noise modelling was CadnaA, which
incorporated the ISO 9613-2 modelling algorithms for noise propagation outdoors (ISO 1993). ISO 9613-2 is
recommended for use by the MOE and is the most widely used prediction algorithm worldwide. Using the ISO 9613-2
algorithms assumes that all receptors are downwind from each source at the same time (i.e., worst case). The
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predictions that result are typically conservative when compared to actual measurements (i.e., measurements will
typically be lower than the predicted results).
Reference:
ISO. 1993. International Standard ISO 9613-1 and 9613-2: Acoustics - Attenuation of Sound during Propagation
Outdoors - Parts 1 and 2.

EIS 10-480

 Section 10.1.2,
Surface Water
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide standard deviation or standard error for the data on tritium and gross beta provided in the response to IR EIS 0378.
Context:
Follow-up to IR EIS 03-78.
OPG Response:
The results for tritium and gross beta provided in OPG’s response to Information Request (IR) EIS-03-78 are annual
averages of samples collected throughout the year. The monthly data including the corresponding standard deviations,
which are the basis for these annual averages, are presented in Table 1 (Tritium) and Table 2 (Gross Beta).
Table 1: Results of Tritium Monitoring in Water Samples Analyzed
Tritium (Bq/L)
Jan-09

Mar-09

S1-09

May-09

Jul-09

Sep-09

Nov-09

Annual
Average

BDF11-WW

-

-1.0 ± 2.0

-

-

-

-1.8 ± 2.0

-

Ld

BF1-WW

-

-2.3 ± 2.0

-

-

-

-1.7 ± 2.0

-

Ld

BF14-WW

-

-0.2 ± 2.0

-

-

-

1.3 ± 2.0

-

Ld

BM12-WW

-

-1.4 ± 2.0

-

-

-

-0.4 ± 2.0

-

Ld

BM13-WW

-

-0.8 ± 2.0

-

-

-

-0.9 ± 2.0

-

Ld

BM2-WW

-

N/S

-1.0 ± 1.9

-

-

-0.9 ± 2.0

-

Ld

BM3-WW

-

-3.1 ± 2.0

-

-

-

-2.7 ± 2.0

-

Ld

Deep Wells

1627

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
BM6-WW

-

-1.8 ± 2.0

-

-

-

-1.7 ± 2.0

-

Ld

BM9-WW

-0.6 + 1.8

-1.3 ± 2.0

-

-1.4 ± 1.9

0.7 ± 1.7

-0.1 ± 2.0

0.8 ± 1.7

Ld

BR1-WW

-

-1.2 ± 2.0

-

-

-

-1.3 ± 2.0

-

Ld

BR25-WW

-

-1.9 ± 2.0

-

-

-

-2.5 ± 2.0

-

Ld

BR37-WW

N/S

20.3 ± 3.4

-

26.4 ± 3.6

27.5 ± 3.4

19.1 ± 3.3

20.7 ± 3.1

22.8

BR8-WW

-

-1.5 ± 2.0

-

-

-

-2.4 ± 2.0

-

Ld

BR2-WW

113.2 ± 5.7

102.1 ± 5.8

-

85.1 ± 5.4

87.5 ± 5.2

90.0 ± 5.6

80.7 ± 5.0

93.1

BR3-WW

85.2 ± 5.1

79.5 ±5.3

-

79.9 ± 5.2

79.4 ± 5.0

77.1 ± 5.2

74.2 ± 4.8

79.2

BR4-WW

115.9 ± 5.8

107.8 ± 6.0

-

95.0 ± 5.6

79.9 ± 5.0

78.2 ± 5.3

89.8 ± 5.2

94.4

Shallow Wells

BR32-WW

N/S

N/S

-

N/S

18.3 ± 3.0

N/S

N/S

18.3

BR41-WW

25.7 ± 3.3

26.3 ± 3.6

-

38.3 ± 4.0

33.2 ± 3.6

37.9 ± 4.0

24.5 ± 3.2

31.0

BR42-WW

44.4 ± 4.0

41.2 ± 4.2

-

45.1 ± 4.2

36.0 ± 3.7

37.4 ± 4.0

33.5 ± 3.6

39.6

BF6-WW

25.1 ± 3.3

27.3 ± 3.7

-

30.3 ± 3.7

26.2 ± 3.3

27.8 ± 3.6

32.1 ± 3.5

28.1

Lakes and Streams
BC1-WC

N/S

27.8 ± 3.7

-

40.2 ± 4.1

57/3 ± 4.4

48.5 ± 4.4

27.5 ± 3.3

40.3

BC2-WC

67.1 ± 4.6

153.6 ± 7.0

-

79.8 ± 5.3

71.9 ± 4.8

391 ± 11

151.5 ± 6.5

152.5

BC3-WC

32.8 ± 3.6

38.8 ± 4.1

-

40.4 ± 4.1

51.0 ± 4.2

51.3 ± 4.5

27.7 ± 33

40.3

BC4-WC

79.5 ±5.0

75.0 ± 5.2

-

81.0 ± 5.3

80.0 ± 5.0

59.3 ± 4.7

135.1 ± 6.2

85.0

BM10-WL

N/S

6.3 ± 2.7

-

5.2 ± 2.3

3.3 ± 2.3

5.1 ± 2.6

5.2 ± 2.3

5.5

BM4-WL

N/S

111.9 ± 6.1

-

81.6 5.3

65.9 ± 4.6

116.3 ± 6.2

204.3 ± 7.5

116.0

-

14.8 ± 3.1

-

--

-

10.2 ± 2.9

-

12.5

113.2 ± 5.7

102.1 ± 5.8

-

85.1 ± 5.4

87.5 ± 5.2

90.0 ± 5.6

80.7 ± 5.0

42.7

BM14-CON
BR2-WL
Notes:

Negative tritium results are the consequence of the tritium analysis methodology
N/S: No sample
No data available
Ld:
Less than detection
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Table 2: Results of Gross Beta Monitoring in Water Samples Analyzed
Gross Beta (Bq/L)
Jan-09

Mar-09

S1-09

May-09

Jul-09

Sep-09

Nov-09

S2-09

Annual
Average

BR2-WW

N/S

-

0.04 ± 0.02

-

-

-

-

0.04 ± 0.02

0.04

BR32-WW

-

-

N/S

-

0.43 ± 0.03

-

-

0.99 ± 0.05

0.71

Shallow Wells

Lakes and Streams
BC1-WC

-

-

0.21 ± 0.02

-

-

-

-

0.11 ± 0.02

0.16

BC2-WC

-

-

0.16 ± 0.02

-

-

-

-

0.16 ± 0.03

0.16

BC3-WC

-

-

0.16 ± 0.02

-

-

-

-

0.19 ± 0.03

0.18

BC4-WC

-

-

0.14 ± 0.02

-

-

-

-

0.14 ± 0.03

0.14

BM10-WL

N/S

0.04 ± 0.02

-

0.08 ± 0.01

0.08 ± 0.01

0.05 ± 0.01

0.05 ± 0.02

0.05 ± 0.02

0.06

BM4-WL

N/S

0.05 ± 0.03

-

0.10 ± 0.02

0.10 ± 0.01

0.06 ± 0.02

0.12 ±0.02

0.12 ± 0.02

0.09

BM14-CON

-

-

-

-

-

-

-

-

Ld

BR2-WL

-

0.06 ± 0.02

-

0.09 ± 0.02

0.08 ± 0.01

0.06 ± 0.01

0.07 ± 0.02

0.07 ± 0.02

0.07

Notes: N/S:
Ld:

EIS 10-481

 Section 10.1.3,
Groundwater
 Section 10.1.6,
Ambient
Radioactivity

No sample
No data
Less than detection

Information Request:
Provide the standard deviation or standard error for the annual average tritium and gross beta activity in shallow well
water provided in the response to IR EIS 03-81.
Context:
Follow-up to IR EIS 03-81.
OPG Response:
The annual average tritium and gross beta activity in shallow well water reported in OPG’s response to Information
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Request (IR) EIS-03-81 is based on monitoring results for the sampling periods listed in Tables 1 and 2. Standard
deviations are included.
Table 1: Results of Tritium Monitoring in Water Samples Analyzed
Tritium (Bq/L)
Jan-09

Mar-09

May-09

Jul-09

Sep-09

Nov-09

Annual
Average

BR2-WW

113.2 ± 5.7

102.1 ± 5.8

85.1 ± 5.4

87.5 ± 5.2

90.0 ± 5.6

80.7 ± 5.0

93.1

BR3-WW

85.2 ± 5.1

79.5 ±5.3

79.9 ± 5.2

79.4 ± 5.0

77.1 ± 5.2

74.2 ± 4.8

79.2

BR4-WW

115.9 ± 5.8

107.8 ± 6.0

95.0 ± 5.6

79.9 ± 5.0

78.2 ± 5.3

89.8 ± 5.2

94.4

BR32-WW

N/S

N/S

N/S

18.3 ± 3.0

N/S

N/S

18.3

BR41-WW

25.7 ± 3.3

26.3 ± 3.6

38.3 ± 4.0

33.2 ± 3.6

37.9 ± 4.0

24.5 ± 3.2

31.0

BR42-WW

44.4 ± 4.0

41.2 ± 4.2

45.1 ± 4.2

36.0 ± 3.7

37.4 ± 4.0

33.5 ± 3.6

39.6

BF6-WW

25.1 ± 3.3

27.3 ± 3.7

30.3 ± 3.7

26.2 ± 3.3

27.8 ± 3.6

32.1 ± 3.5

28.1

Shallow Wells

Table 2: Results of Gross Beta Monitoring in Water Samples
Gross Beta (Bq/L)
Jan-09

Mar-09

May-09

Jul-09

Sep-09

Nov-09

S2-09

Annual
Average

BR2-WW

N/S

-

-

-

-

-

0.04 ± 0.02

0.04

BR32-WW

-

-

N/S

0.43 ± 0.03

-

-

0.99 ± 0.05

0.71

Shallow Wells

Notes: N/S No sample
-

No data available
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 Section 10.1.4,
Terrestrial
Environment
 Section 10.1.6,
Ambient
Radioactivity

Information Request and Response

Information Request:
Provide supporting mineralogy data for sediment and soil samples referenced in the responses to IRs EIS 03-82 and EIS
03-83.
Context:
Follow-up to IRs EIS 03-82 and EIS 03-83.
OPG Response:
OPG’s supplementary responses to Information Requests (IR) EIS 03-82 and EIS 03-83 (OPG 2012) provided additional
data on the soil and sediment sampling programs carried out by Bruce Power as part of the Bruce nuclear site
Radiological Environmental Monitoring Program (REMP). Mineralogy analyses are not undertaken as part of the REMP
program hence the requested data are not available.
Reference:
OPG. 2012. OPG letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216-CORR-0053100126, August 9, 2012. (CEAA Registry Doc# 684)

EIS 10-483

 Section 8.1,
General
Information and
Design
Description
 Section 11.2,
Mitigation
Measures
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

Information Request:
Provide estimates of tritium concentrations in the stormwater management pond from all sources (e.g., DGR, Bruce
Power, WWMF) that could contribute tritium via surface water, groundwater, and air emissions. These estimates are to
be specific to the site preparation and construction, and operation phases. Provide relative loadings of tritium from each
major source for each of the three DGR Project phases.
Provide a map illustrating all tritium sources relative to the DGR site. The map is to include, but not be limited to, Bruce
Power and WWMF sources.
Context:
Follow-up to IR EIS 08-391.
OPG Response:
1. Tritium Sources
The tritium concentrations within the DGR stormwater management pond (SWMP) would be affected by airborne and
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waterborne tritium sources.
For the site preparation and construction and operation phases of the DGR project, the other facilities on the site that
could be relevant tritium airborne sources are the following: Bruce A, Bruce B, Douglas Point, Central Maintenance
Laundry Facility (CMLF), and the Western Waste Management Facility (WWMF). The Radioactive Waste Operations
Site 1 (RWOS1) has little remaining waste and is not a significant source of tritium. Overall, the Bruce stations are the
largest airborne tritium sources on the site (BRUCE POWER 2010, BRUCE POWER 2012). Figure 1 shows these
tritium source locations relative to the DGR site.
Provincial air background levels of about 0.07 Bq/m3 are also included in the following analysis, representing natural and
human off-site sources of tritium (BRUCE POWER 2012).
The contribution from airborne sources to the DGR site was calculated using the IMPACT code, version 5.4.0 (latest
version). This version fully implements the CSA standard N288.1 (CSA 2011). The assessment takes into account the
characteristics of each source (e.g., release height), the 5-year site-average wind rose, and uses a Gaussian plume
model for dispersion to the DGR site. Tritium concentrations in surface waters are related to that in the overlying air
using the CSA N288.1 exchange model, which accounts for dry and wet deposition.
The DGR stormwater management system does not collect surface waters from outside the DGR Project site, and in
particular does not collect water from the North or South Railway Ditches, the northeast marsh or Stream C. Sources of
water to the SWMP are precipitation on the DGR site, process or service water used in the DGR, groundwater seepage
into the underground facility, and shaft condensation water. Groundwaters in the shallow aquifer beneath the DGR site
are isolated from surface waters and the stormwater collection system by a thick till layer. Any tritium in this groundwater
(in particular, from WWMF) would not normally be released into the DGR stormwater management system, except
possibly during the early DGR shaft construction phase as the shafts are being excavated through the shallow aquifer.
Process water used during excavation, and service water used during operation, will be drawn from the Bruce nuclear
site service water supply and will be at the site background water tritium levels. Condensation water would include
tritium from the ventilation exhaust air.
Table 1 identifies the assumed status of each relevant facility at various times during the site preparation and
construction, and operation of the DGR. These facilities and their status are consistent with those considered for
cumulative effects of the DGR project (OPG 2011a, Section 10.4).
Table 2 lists the estimated tritium emissions from these facilities at various times consistent with the cumulative effects
reference model. Table 3 summarizes the tritiated water sources.
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Figure 1: Map of Tritium Sources Relative to DGR
(note: a larger figure is attached at the end of this table)
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Table 1: Assumed Status of Facilities around the Bruce Site during Various Phases of DGR Service
DGR Phase:

Current

Site Preparation
and
Construction

Operations Before Closure of
Panel 2

Operations Before Closure
of Panel 1b

Decommissioning

Bruce A

4 Units
operating

4 Units operating

4 Units operating

Safe storage

Safe storage

Bruce B

4 Units
operating

2 Units operating
2 Units
refurbishment *

4 Units operating

4 Units operating

Safe storage

CMLF

Operating

Operating

Operating

Operating

Operating

Douglas Point

Safe storage

Safe storage

Safe storage

Safe storage

Safe storage

Incinerator
operating
Decommissioned
Reduced waste in
(no emissions)
storage
Operating - Panel
Operating - Panel 2
Site preparation
1b is full of waste
Decommissioning
DGR
None
is full of waste and
(no waste)
and ventilated,
(no emissions)
ventilated
Panel 2 is closed
* Conservative assumption for SWMP tritium levels; consistent with cumulative effects assessment in Environmental
Impact Statement (OPG 2011a, Table 10.4-3).
WWMF

Operating

Operating
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Table 2: Estimated Airborne Tritium Emissions from Facilities around the DGR (Bq/a)
DGR Phase:

Current

Site Preparation
and
Construction

Operations Before Closure of
Panel 2

Operations Before Closure
of Panel 1b

Decommissioning

Bruce A a
Bruce B a
CMLF b
Douglas Point c
WWMF d
DGR e
Total

1.9E+15
4.6E+14
8.9E+09
2.4E+11
6.5E+13
0
2.4E+15

1.9E+15
3.3E+14
8.9E+09
2.0E+11
6.5E+13
0
2.2E+15

1.9E+15
4.6E+14
8.9E+09
1.0E+11
5.1E+13
1.4E+13
2.4E+15

1.9E+14
4.6E+14
8.9E+09
2.6E+10
5.1E+13
2.2E+12
7.1E+14

9.5E+13
1.9E+14
8.9E+09
1.3E+10
0
0
2.9E+14

Notes:
a
Bruce station current emissions are from BRUCE POWER (2010). Future emissions are assumed proportional to the number
of units operating. After units are shut down, the emissions during the initial post-shutdown period releases are assumed
similar to those of Bruce A during its layup from 1998 to 2003; subsequent values are only reduced for tritium decay. These
are expected to be conservative estimates for emissions after all PHT and moderator systems have been drained and dried for
each station.
b
Current CMLF emissions are from BRUCE POWER (2010) and assumed constant in future as there will be ongoing
maintenance activities.
c
Current Douglas Point emissions are from BRUCE POWER (2012) as no values are reported in prior years. Future values
include tritium decay.
d
WWMF includes incinerator emissions and estimated fugitive emissions from waste storage structures. Incinerator emissions
assumed constant while the facility is in operation. Fugitive emissions are estimated based on an assumed number of active
Low Level Storage Buildings and Intermediate Level Waste in-ground structures.
e
DGR emissions are peak values before panel closure, from the PSR (OPG 2011b, Table 7-10).
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Table 3: Estimated Waterborne Tritium Releases into the DGR Site (Bq/a)

DGR Phase:

Process and
service
water from
DGR a
Seepage
and
condensate
b
from DGR

Current

Site Preparation and
Construction

Operations
- Before
Closure of
Panel 2

Operations Before
Closure of
Panel 1b

Decommissioning

Site
Preparation

Shaft
Excavation

0

0

8.1E+10

1.7E+09

1.7E+09

0

0

0

1.4E+09

1.1E+11

2.2E+10

0

Notes:
a
Assumes process and service water is at 120 Bq/L, assuming water is drawn from lake nearshore location with highest
five-year average HTO concentration.
b
Seepage during shaft excavation assumes a plume of 100 Bq/L water from WWMF is intercepted and drawn in during the
excavation of the shaft through the shallow aquifer. Tritium amounts during operations are estimates of condensate related
tritium, with value before closure of Panel 2 from PSR (OPG 2011b, Table 7-11) and value before closure of Panel 1b
estimated to be factor of 5 less due to lower air concentrations as with tritium emissions in Table 2.

2. Water Flow Rates through the Stormwater Management Pond
To determine tritium concentrations, the water sources within the DGR stormwater management system are also
needed. They are listed in Table 4.
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Table 4: Annual Water Flow Rates through the DGR Stormwater Management Pond (L/s)

DGR Phase:

Current

Site Preparation and
Construction

Operations
- Before
Closure of
Panel 2

Operations Before
Closure of
Panel 1b

Decommissioning

Site
Preparation

Shaft
Excavation

n/a

0.2

0.2

0.2

0.2

0.2

n/a

7.7

7.7

7.6

7.6

7.6

n/a

0

21

0

0

0

Service water a

n/a

0

0

0.43

0.43

0.43

Groundwater
(seepage) from
DGR a

n/a

0

0.46

0.46

0.46

0.46

Direct precipitation
a
on SWMP
Surface runoff from
DGR site area b
Excavation process
a
water

Notes:
a
From GOLDER (2012), Table 1.
b
From GOLDER (2012), Table 1. Includes runoff from rock pile area and other DGR site areas.

3. Tritium Concentrations in the Stormwater Management Pond
Table 5 summarizes the annual average tritium concentration in the stormwater pond for the various phases of the DGR
Project. The majority of the tritium at all times is due to atmosphere deposition and precipitation on the DGR site and
pond. It should be noted that the specific activity model used to estimate SWMP contamination by HTO through air
deposition is conservative, as indicated in the CSA standard N288.1-08 Update No. 1 (CSA 2011).
The concentration during the Site Preparation phase represents background levels due to the tritium in air, largely from
the nearby Bruce A and B stations and to a lesser extent WWMF. The value decreases during shaft and underground
excavation due to the large amounts of process water used for the excavation. As the DGR facility starts operation and
wastes are emplaced, the SWMP tritium value increases from the baseline due to air and water emissions from the DGR
itself, peaking just before closure of Panel 2. It subsequently drops as the panel is closed and isolated, and then builds
up slowly as further wastes are emplaced to a second smaller peak before Panel 1b and 1a are closed. During this
period, there is a reduction in airborne tritium emissions at the Bruce nuclear site due to shutdown of some Bruce
reactors, decay of residual tritium in closed facilities, and reduction in emissions from the WWMF as wastes are
transferred to the DGR. As a result, the tritium levels show a long-term decreasing trend.
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Table 5: Annual Average Tritium Level in Stormwater Management Pond (Bq/L)

DGR Phase:

SWMP

Current

n/a

Site Preparation and
Construction
Site
Preparation
1240

Operations Before
Closure of
Panel 1b

Decommissioning

Construction

Operations
- Before
Closure of
Panel 2

360

1620

420

100

A specific breakdown of contributions from the various sources to the tritium level in the SWMP during the Site
Preparation, Construction and Operation phases is provided in Table 6. The largest contributor by pathway to the tritium
levels in the SWMP is deposition from airborne tritium, during all the project phases. As shown in Table 2, the Bruce A
and B stations are the largest air sources, and therefore are a significant contributor to tritium levels in the SWMP.
The estimated peak tritium levels in the SWMP are comparable to peak values observed in the South Railway Ditch (as
described in OPG’s response to Information Request EIS-03-78 [OPG 2012a]) and in the surface drainage from WWMF
into the South Railway Ditch (as described in OPG’s response to Information Request EIS-07-299 [OPG 2012b]), and
are well below the Ontario Drinking Water Standard (MOE 2001).
Table 6: HTO Contribution to the SWMP from Different Pathways (%)

DGR Phase:

Current

Site Preparation and
Construction
Site
Preparation

Construction

Operations
- Before
Closure of
Panel 2

Operations Before
Closure of
Panel 1b

Decommissioning

Bruce A

n/a

79.4

71.4

52.8

21.6

50.6

Bruce B
WWMF

n/a
n/a

5.8
14.3

17.2
11.0

5.6
7.4

21.8
29.0

42.3
0.0

DGR

n/a

0.0

0.0

33.8

26.1

0.0

Douglas Point *
CMLF *
Background

n/a
n/a
n/a

0.0
0.0
0.6

0.0
0.0
0.4

0.0
0.0
0.4

0.0
0.0
1.5

0.0
0.0
7.1

* Contribution from this source is less than 0.1% for each of five periods considered.
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EIS 10-484

 Section 10,
Existing
Environment

Information Request:
a) Provide the rationale for not considering unloading due to uplift and erosion as a mechanism of joint formation at
the DGR site. Explain the apparent absence of systematic neotectonic/glacio-tectonic fractures at the DGR site.
Provide the evidence used to distinguish between joints/fractures generated by unloading, tectonic stresses or
hydro-fracturing.
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b) Since the neotectonic/glacio-tectonic fractures of Southern Ontario share the same orientations with older
fractures, provide the rationale for rejecting the hypothesis that "barren" fractures at the DGR site originated due
to later stress fields (post-brine) of similar orientation resulting from glacial unloading.
c) Provide a quantitative evaluation of fracture formation and propagation resulting from loading/unloading by
multiple future glacial cycles involving a thinned cover over the DGR.
Context:
Follow-up to IR EIS-06-259.
a) The response to IR EIS-06-259 does not adequately address the impact of future glacial isostatic adjustment on
the current and future behaviour of fractures and joint sets at the DGR site.
A commonly invoked mechanism to explain joint formation involves unloading. Joints are thought to be formed
when uplift and erosion removes the overlying rocks (as during a glacial cycle) thereby reducing the compressive
load and allowing the rock to expand laterally. Joints related to uplift and erosional unloading have orientations
reflecting the principal stresses during the uplift.
In the response to IR EIS-06-259 (and in NWMO DGR-TR-2011-43 R000) it is stated that "Mechanisms thought
to have led to fracture development include: 1) Devonian sediment compaction, 2) dewatering and diagenesis, 3)
Devonian or Carboniferous lateral flow of brines driven by distal orogenic processes, or 4) Late Paleozoic
orogenic fold-related jointing." No consideration is given to unloading.
b) Fractures without infilling dominate over those that are infilled, or veins, in the areas surveyed for report NWMO
DGR-TR-2011-43 R000. The presence of carbonate infills is explained by "joints and veins were formed
contemporaneously under conditions of elevated pore fluid pressure and an abundant source of carbonate-rich
brines (Cruden 2011, Sections 3.2.2 and 4.1)"
The absence of infilling in most fractures strongly suggests that such “barren” fractures they post-datethe
presence of brines. Cases where only some of the fractures of a set are infilled may indicate reactivation of the
same fracture directions at a later time (post-brine).
The response to IR EIS-05-167 states that "Throughout southern Ontario, ENE-oriented fractures, which are
oriented sub-parallel to the maximum horizontal strain (SHmax) of the contemporary tectonic stress field, have
been attributed to aneotectonic/glacio-tectonic origin" and that " an early (Paleozoic) set of joints occupies the
same orientation as these neotectonic structures."
The response to IR EIS-02-38 states that "Non-systematic fracture sets were not investigated in detail and it is
possible that some of these near-surface brittle fractures (evidenced by the fracture frequency plot; INTERA
2011, Figure 3.4) may be young (Quaternary) in age," and that "These results are inconsistent with Quaternary1640
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aged transmissive fractures extending into the deep Ordovician formations." No explanation is provided as to
what constitutes non-systematic fracture sets (a set usually implies a common range of orientation).
c) While neotectonic/glacio-tectonic fractures are not thought to extend into the Ordovician formations, the future
removal of 100 m (and possibly up to 300 m) of the stratigraphic column by glacial cycles increases the
uncertainty of this assumption.
OPG Response:
The responses below address Information Request (IR) questions a), b) and c).
a) Structural mapping of Devonian-aged rock pavements (Lucas Formation) along the Lake Huron shoreline
investigated the nature of the fracture populations exposed at the Bruce nuclear site (Cruden 2011). With regard
to the relative timing of joint formation, it was hypothesized that the common orientations (NNW and ENE) of
systematic joint and vein sets, a noted lack of any mutual cross-cutting relationship, and vein morphology and
mode of occurrence (i.e., formed under elevated pore water pressure), reflected that both joint and vein sets
were formed contemporaneously (Cruden 2011, Section 5.1). These observations were used to interpret that
the main fracture forming event for the veins and joints was likely of Paleozoic age, in contrast to a possible
neotectonic origin (Cruden 2011, Section 5.1).
This initial hypothesis was further tested by undertaking a geochronological analysis of calcite infilling from veins
at the same outcrop locations described by Cruden (2011). The results of the Pb-U age dating indicate a
youngest date for vein formation consistent with the late Cretaceous and early Paleogene. This information is
present in OPG’s response to IR EIS-09-428 (OPG 2013) and Davis (2013). The absolute timing of vein
emplacement is consistent with emplacement during uplift and erosional unloading of the Paleozoic sediments
(e.g., NWMO 2011, Figure 2.12). Therefore, the systematic joint and vein sets can be considered neotectonic in
the sense that they formed during and after the most recent plate tectonic stress field was imposed in response
to ridge push generated by the mid-Atlantic ridge at the end of the Cretaceous Period (NWMO 2011,
Section 2.2.3.3). These results indicate that it is necessary to distinguish between neotectonic and
glaciotectonic time scales for the southern Ontario region. It is evident, based on the results provided by Davis
(2013), that joint and vein formation was ancient in comparison to the timing of glaciation and de-glaciation, and
the manifestation of any glacially-related processes, in the region. The apparent absence of systematic
glaciotectonic fractures at the DGR site is consistent with the results from the neotectonic features and
landforms assessment undertaken by Slattery (2011), which found no evidence for offset landforms resulting
from syn- or post-glacial activity within a 50 km radius around the Bruce nuclear site. Regionally, deformation of
the nearly flat-lying Paleozoic rocks of the Great Lakes area is easily observed and the locations of interpreted
glaciotectonic structures in southern Ontario are documented by Karrow and White (2002, Figure 1). It is evident
from their compilation that many areas of southern Ontario appear to be devoid of glaciotectonic structures. It is,
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therefore, not unreasonable to accept the conclusions of Slattery (2011) and Cruden (2011), which, based on
site-specific observation, strongly suggest that fracturing of the Lucas Formation is not associated with
Pleistocene events.
Evidence used to distinguish between fractures (joints and veins) generated by unloading, tectonic stresses or
hydro-fracturing is often based on geometrical occurrence and relationships. Unloading or sheet fractures often
form parallel to the surface of the Earth, while fractures formed due to tectonic stresses will often develop with
some geometrical relationship to other tectonic features (e.g., extensional transverse joints oriented at a high
angle to regional fold axes). Cruden (2011, Figures 3.6 and 3.7) provides several examples of vein morphology
that were used to interpret that vein and joint emplacement occurred under conditions of increased pore
pressure (i.e., hydro-fracturing).
b) The structural assessment by Cruden (2011, Section 3.2.6 and 5.4) determined that only a very small number
(1.5 % or 10/610) of veins and joints exhibited any amount of noticeable offset. As it is surmised that new
fractures are unlikely to have developed in the rock mass without re-activating pre-existing structures, it seems
equally unlikely that any of the "barren" systematic fractures at the DGR site originated as a result of glacial
unloading. Non-systematic fractures are described as possessing typically curved traces that usually occur
between and abut systematic fractures (Cruden 2011, Section 3.2). Further, the distribution of non-systematic
fractures tends to be random. The wording in OPG’s response to IR EIS-02-38 (OPG 2012) should have read
“Non-systematic fractures were not investigated in detail…” rather than ‘non-systematic fracture sets’.
c) As part of the previously-completed (ITASCA 2011) long-term geomechanical stability analysis, 2D numerical
simulations were performed using FLAC (ITASCA 2011, Section 6) in which the repository was subject to ten
glacial cycles, each with a maximum load of 30 MPa applied quasi-statically to represent the effect of a 3-km
thick ice sheet (Peltier 2011, realization nn9904). Time-dependent strength degradation is represented
conservatively by reducing the strength of the rock mass to 45 MPa or 40% of the unconfined compressive
strength (UCS) from the onset of simulation. Figure 6.2 in ITASCA (2011) shows the successive evolution of
plasticity around 4 emplacement rooms situated near the middle of the repository during the ten glacial cycles.
Each figure shows regions of plastic deformation, where rock yields because stresses reach the yield strength.
The results also show that at the lowest long-term strength (40% UCS) the yield/damage zone around the
emplacement rooms and within the emplacement room pillars became continuous after 7 cycles of glaciations
(NWMO 2011, Section 6.4.4.1).
The effect of panel collapse on yielding and damage in the overlying shale cap rock was also investigated in a
three-dimensional repository-scale model using FLAC3D (NWMO 2011, Section 6.4.5). The analysis revealed
that a small amount of plastic yielding was apparent above the barrier pillar between Panels 1 and 2. The 40-m
barrier pillar itself did not yield. This indicates that the yielding in the Blue Mountain shale was contained within
the rock mass of the elastic (undisturbed) domain, in a form of minor local degradation and without extensive
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shear (large strain). The simulation did not indicate any damage or undue influence within the Georgian Bay or
Queenston formations that directly overlie the Blue Mountain Formation (ITASCA 2011, Section 6).
In a response to this Information Request, the same approach to 2D and 3D analyses, as described above, was
undertaken to investigate the effect of surface erosion on long-term geomechanical stability and integrity of the
overlying Ordovician shale cap rocks (ITASCA 2013, enclosed). Together with the assumption of the long-term
rock mass strength of 40% UCS, these simulations provide a bounding case for glacial erosion assumed to
reach a maximum of 300 m. The results of the 2D modelling indicate that the vertical extent of the damage
above the repository (identified by the plasticity indicators in the model) does not change significantly from that
predicted in the original simulations. It is evident that damage to the pillars is reduced and that the pillar core
remains elastic for all ten glacial cycles (Figure 1). The reduced pillar damage indicates that pillars and the
panels will remain stable for a longer period of time than in the originally-submitted analysis. Should the pillars
collapse, rubble that accumulates inside the emplacement room openings as a result of the collapse will
eventually arrest further propagation of the caved region due to bulking (or volume increase). A steady state is
reached at which point no further expansion of the damaged or caved regions occurs. All rock damage remains
contained within the Cobourg Formation and the barrier shale will not be compromised.
The effect of potential panel collapse assuming 300 m of glacial erosion on the integrity of the Ordovician barrier
shales is investigated in the same three-dimensional, repository-scale continuum elasto-plastic FLAC3D model
(ITASCA 2013). The predicted yielding for the case of glacial erosion is shown in the plan view at the base of
the Blue Mountain shale and in the vertical cross-section (Figure 2). Minor yielding in the Blue Mountain shale is
predicted in the regions of stress concentration above the barrier pillar between Panels 1 and 2. The size of the
yield zone is relatively small and localized with the maximum strain in the formation less than 0.5%, indicating
that deformation induced due to the glacial erosion will not influence the integrity or create significant plastic
shear strains within the barrier shale cap rock.
The results of the analyses for the cases without and with erosion reveal that the collapse of the emplacement
rooms and pillars, if it occurs, will be confined and will not have any impact on the barrier capacity of the
Ordovician shales that overlie the proposed DGR horizon. This assessment is based on very conservative
assumptions that allow bounding estimates of rock mass response and yielding in the barrier shales for glacial
erosion scenarios. Detailed information regarding estimates of site-specific glacial erosion rates is provided by
Hallet (2011).
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Figure 1: Evolution of plasticity around caverns for 2D panel-scale model
with 300 m of surface glacial erosion
(note that a larger figure is attached at the end of this table)
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Figure 2: Plastic zone at the peak of the second glacial cycle for 3D repository wide model
with 300 m surface glacial erosion
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EIS 10-485

 Section 8.7,
Malfunctions,
Accidents and
Malevolent Acts

Information Request:

 Class1 Nuclear
Facilities
Regulations, 5(i)

Use information relating to published underground mine worker safety statistics to validate the frequency of injury
occurrence due to such scenarios.

Provide an assessment of non-radiologic hazard scenarios that addresses worker safety related to rock falls and
rockbursts.

Context:
Follow-up to IR EIS-07-304.
Both rock falls and rockbursts represent common underground worker hazards that are possible or likely.
Dynamic ejections (rockbursts) or gravity falls of rock (rock falls) can occur between ground support elements such as
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rock bolts and result in worker hazards. The response given in IR EIS 07-304 primarily identifies rock falls and rockbursts
as events capable of crushing containers and allowing release of radiologic contaminants (" ... rock fall leading to a
radiological accident ..."). These events are classified as unlikely because they are not severe enough to cause container
damage on large scale.
However, likely events at frequencies > 10-2 that can cause worker hazard and injury would be due to such identified
gravity falls or rockburst movements of small rock elements. Conventional worker safety hazard potential and occurrence
has been discussed in the Preliminary Safety Report (Section 9.4.7.1 - Excavation Methods and Installing Rock Support)
but only in a very superficial manner. The installation of support material between rock bolts to "protect against spalling
in between the bolts" is a principal technique used to reduce worker hazard from falls of ground. Such techniques are,
however, less effective at restricting rockburst damage.
OPG Response:
Detailed risk assessments are conducted regularly during design to identify potential risks and mitigating actions.
Worker safety is a key focus of these assessments and risks associated with rock fall, rock bursts, run of muck, falling
objects, etc have been identified and assessed. As part of these assessments, relevant operating experience is used to
identify risks including safety statistics from organizations such as Workplace Safety North and Ontario Department of
Mines, as well as North American sources such as the National Institute of Occupational Safety and Health (NIOSH).
There is a higher likelihood of fall of ground during excavation and installation of ground support than from a fullysupported room in a static environment. These considerations are taken into account and addressed through rock mass
modeling and ground support design as described in GOLDER (2012) and OPG’s response to Information Request (IR)
LPSC-01-34 (OPG 2012a), respectively. For example, controlled drilling and blasting, bolting and mesh to the face
and/or the application of steel reinforced shotcrete may be required where stressed and overstressed conditions are
expected. As provided in the written submission for Technical Information Session (TIS) #1 (OPG 2012b, Section 6.2),
“For immediate support, and to ensure the safety of the personnel, either steel-wired mesh and bolting, or fibrereinforced shotcrete is required before advancing the excavation face.” This ground support primarily addresses the
horizontal planes of tensile weakness.
OPG’s response to IR-EIS-08-381 (OPG 2013) provides additional information related to protection against falls of rock,
specifically:
“The on-going risk/safety assessment is a key aspect of the design of all underground openings. To mitigate the risk of
major falls of ground, the following major activities have been or will be undertaken:
1. Geomechanical modeling based on conservative assumptions of rock mass properties;
2. Testing and monitoring of the rock response both during shaft sinking and lateral development to confirm rock
mass behaviour as predicted by modeling;
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3. Adjustment of rock support design based on observation of rock mass behavior during excavation;
4. Implementation of a rigorous quality control program during procurement and installation of the rock support
system; and
5. Long-term monitoring of cavern response and periodic testing of the rock support system during DGR operations
to ensure safe operating conditions in the underground repository.”
The risk of rock burst has been assessed and determined to not be a concern. To create a rock burst condition, the
excavation-induced stress must approach or exceed the Unconfined Compressive Strength (UCS) of the rock.
Geomechanical analyses undertaken to assess stability of underground openings and for rock support design has shown
that the induced stresses are generally on the order of 50% of the UCS values for the Cobourg Limestone
(GOLDER 2012, OPG 2012b). Thus, risk of rock bursting is very low.
While the Ontario statistics for mining-related fatalities have improved in the last 100 years, there are still fatalities. The
top causes of fatalities are related to vehicular movement/transportation, run of muck, falls, burns and fall of rock.
Specific to falls of rock, the Ontario Workplace Safety and Insurance Board reported one fatality in the mining industry
(representing 8% of all industrial fatalities) for the 2007 – 2011 period as reported February 2012 (WSIB 2012). There
were two additional fatalities in 2012 following this reported period where fall of ground was involved. In the same
reporting period, the top 5 lost-time injuries related to the mining sector were being struck by objects, overexertion, bodily
reaction, falls and repetitive motions.
For each of these risk areas, the project has identified mitigating actions. Some mitigation is in the form of design
elements, such as ground support, and others will be implemented as part of construction activities (e.g., geotechnical
program, health and safety procedures, inspection and verification, etc.).
References:
GOLDER. 2012. OPG’s Deep Geologic Repository for Low & Intermediate Level Waste - 3D Detailed Analysis of
Selected Areas. Golder Associates Ltd. Technical Memorandum No. 1011170042-TM-G2070-0007-00 Rev.00. (CEAA
Registry Doc# 887)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste- Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermeidate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR-
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00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
WSIB. 2012. Workplace Safety and Insurance Board, Injury Analysis Schema, as of Feb.29, 2012 – included in
Workplace Safety North presentation, Lost Time Injuries Now and Then. (available at:
http://www.workplacesafetynorth.ca/resources/lost-time-injuries-now-and-then)

EIS 10-486

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide modelling results for the evolution of the DGR site using the more conservative estimate of 300 m of bedrock
removal during a glacial cycle.
Context:
Post-closure modelling of the DGR incorporates future glacial cycles. Maximum rock removal through erosion by the ice
sheets is estimated at 100 m for 1 Myr. (NWMO DGR-TR-2011-18, p. v) using geologic data, reconstructions of the
Laurentide ice sheet, and results from the University of Toronto Glacial Systems Model (UofT GSM).
Estimates of maximum bedrock erosion by future glacial cycles are associated with major uncertainties due to the
possibility of tunnel valley formation under continental ice sheets. These uncertainties arise from the currently poor
understanding of tunnel valley formation as well as uncertainties due to progressive non-linear site changes with each
glacial cycle. The precautionary approach dictates that, given these major uncertainties, the most conservative estimates
of glacial erosion (i.e., ~300 m) for the DGR site should also be modelled.
Tunnel valleys are a common, but poorly understood, phenomenon associated with erosional processes initiated by
subglacial meltwater under continental ice sheets. Tunnel valley morphology is highly variable and their depths range
from tens of metres to 400 m. The origin of tunnel valleys is still controversial and may be attributed to either catastrophic
meltwater discharge or steady-state drainage near the terminus or under the ice sheet.
Each glacial cycle may be expected to alter the topography, drainage, bedrock fracturing etc. of the DGR site. Use of the
current topography of the site (largely determined by the Laurentide ice sheet) may therefore be a very uncertain basis
for evaluating the effects of five future glacial cycles.
In NWMO DGR-TR-2011-18 Sec. 5.2 it is noted that "the models are not well suited for calculating absolute values of
erosion rates. A further limitation of these studies is that they do not address all principal aspects of glacial erosion.
Notably, erosion by subglacial meltwater under normal conditions of high discharge during the melt season, as well as
during extreme outburst floods, has not been examined quantitatively and simulated numerically. "
NWMO DGR-TR-2011-18 p.v states that "The data and model results summarized in this report collectively point to a
broad range of values for erosion at the Bruce nuclear site on a one million year (1 Myr) time scale. They range from
~300 m, the largest, most conservative amount to a few metres" and "a more realistic but still quite conservative site-
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specific estimate is 100 m for 1 Myr."
Given the high degree of uncertainty associated with glacial erosion estimates, the proponent should follow the directives
in the EIS guidelines which state that: “The Precautionary Principle informs the decision-maker to take a cautionary
approach, or to err on the side of caution, especially where there is a large degree of uncertainty or high risk.”
OPG Response:
The Precautionary Principle is directly addressed by the placement of the repository at 680-m depth, far below any
erosion.
Glaciation is associated with both erosion and deposition. The erosion range provided in Hallet (2011) is from zero to
300 m over one million years, with a conservative DGR site-specific estimate of 100 m over one million years. It is also
noted in Hallet (2011) that there are no topographic features or other known factors that would tend to localize erosion by
ice or water over the Bruce nuclear site.
In order to estimate the potential impact of 300 m of erosion, the following was considered.


The current site is about 190 m above sea level. An erosion of 300 m would place the DGR site below current
sea levels and therefore likely under water after the ice sheets had melted. However, for purposes of this
assessment it was assumed that the site remained above sea level and that the land above the repository could
be occupied and used by people.



The erosion was assumed to be uniform across the domain. A tunnel valley at or near the site would naturally
capture regional water flows and there would be greater tendency for local dilution by surface waters of any DGR
releases.



The erosion was assumed to be present from the start of the analysis. The depth of erosion was estimated in
Hallet (2011) as a cumulative value over multiple glaciations over the course of one million years. Even
formation of a deep tunnel valley (rather than general erosion) would not occur until the latter stages of the first
glaciation at the site, which is not likely before about 100,000 years.



The overburden and rock at the DGR site was assumed eroded by 300 m. The next approximately 80 m of rock
was assumed to be weathered and fractured, and relatively permeable - this basically extends to the bottom of
the Guelph Formation, which presently is about 380 m below surface (and 200 m below sea level).



For estimating the potential impacts, the contaminant fluxes reaching the Guelph formation in the Normal
Evolution Reference Case (NE-12-RC) case were used as an estimate of the flux to surface in a highly eroded
landscape. The remaining 80 m of rock to surface is permeable, and does not represent a further barrier to
contaminant transport, although there would be some dilution within the groundwater flow in this surface aquifer.
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The bulk of the 300 m of rock below the Guelph down to the repository horizon retains its low permeability in this
calculation case, such that the contaminant flux from the repository remains diffusion dominated, as in the
current normal evolution reference case.
It was assumed that the groundwater flux from the Guelph formation is entirely captured by a well. This flux is shown in
Figure 1 (NE-12-ER 300 m). If this well water is used by the same farmer receptor as considered in the postclosure
safety assessment, the corresponding maximum calculated dose is 2E-12 mSv/a, which occurs at the end of the
calculation period, and is associated with I-129. For comparison, the effects of a 100 m erosion (NE-ER 100 m) were
analysed within the Preliminary Safety Report (OPG 2011, Section 8.8.2.11) and the calculated peak dose was
1E-13 mSv/a. These are much lower than the natural background dose of around 1.8 mSv/a.
1.E+00

Total Radionuclide Flux to the Well (Bq/a)

IR#

NE-12-ER 300 m

1.E-01

NE-ER 100 m

1.E-02
1.E-03
I‐129

1.E-04

Cl‐36

1.E-05
1.E-06
Ni‐59

1.E-07
1.E-08
100

1,000

10,000

100,000

1,000,000

10,000,000

Time (a)
17-Apr-2013

Figure 1: Estimated Fluxes to Well for Cases with 300 m and 100 m Erosion from Start of Analysis
(Period beyond 1 Ma is shown as shaded to emphasize that results in this timeframe are illustrative only.)
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References:
Hallet, B. 2011. Glacial Erosion Assessment. Nuclear Waste Management Organization report NWMO DGR-TR-201118 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-0001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS 10-487

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide a copy of the sections of the research proposal for the Greenland Analogue Project (GAP) that set out the
rationale, methods, and objectives of the study.
Provide any available interim reports for the project.
Context:
A publication by SKB (Swedish Nuclear Fuel and Waste Management Company) states that the company, in conjunction
with NWMO, is conducting the Greenland Analogue Project (GAP) [SKB Nuclear R&D, Overview Report 2012]. The
research project is designed to study the effects of water flows on geological repositories during an ice age, in particular
what could happen under the ice sheet where it borders the bedrock. The project is due to be completed in 2013. This
research will have provided insights on the long-term evolution of the DGR involving several glacial cycles.
OPG Response:
The Nuclear Waste Management Organization, as part of activities undertaken in the Adaptive Phased Management
(APM) Technical Program, joined the collaborative Green Analogue Project (GAP) with Posiva (Finland) and SKB
(Sweden) in 2009. The overall aim of the project was to improve the current understanding of how a glacial ice sheet
affects groundwater flow and water chemistry around a Deep Geologic Repository (DGR) in a crystalline bedrock setting.
The project is co-managed by SKB and Posiva. The project was divided into three sub-project (SP) areas; i) SPA: Ice
Hydrology and Groundwater Formation; ii) SPB: Sub-glacial Hydrology; and iii) SPC: Hydrogeochemistry and
Hydrogeology, the field work for which was completed in 2012. A backgrounder on the GAP project that describes
overall project rationale, methods and objectives is enclosed. A summary GAP Data, Processes and Conceptual
Understanding Report, and Final Synthesis Report are scheduled for completion at the end of 2013 and 2014,
respectively. Available interim GAP Technical Reports (SKB 2010, SKB 2011) can be obtained from the SKB website
(http://www.skb.se).
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References:
SKB. 2010. The Greenland Analogue Project, Yearly Report 2009. Svensk Kärnbränslehantering AB report R-10-59.
Stockholm, Sweden. (available at http://www.skb.se/upload/publications/pdf/R-10-59.pdf)
SKB. 2011. The Greenland Analogue Project, Yearly Report 2010. Svensk Kärnbränslehantering AB report R-11-23.
Stockholm, Sweden. (available at http://www.skb.se/upload/publications/pdf/R-11-23.pdf)
EIS 10-488

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide the rationale for the belief that aging waste containers, which have been in storage for 35 years or more, will
remain intact for the additional operational period of the DGR (~50 years).
Explain how corrosive degradation of containers due to container material-waste interactions can be detected by visual
inspection.
Provide an overview of non-invasive inspection methods that could be used to supplement visual inspection.
Context:
Follow-up to IRs EIS 08-342 and 08-343.
In its responses to IRs EIS-08-342 and EIS-08-343 (and other IRs), OPG emphasizes that each package will be visually
inspected prior to transfer into the DGR. OPG also maintains that 35 years of safe operation at the Western Waste
Management Facility, where these wastes are currently stored in the container types that will be transferred to the DGR,
provides certainty of their future stability.
Since the containers have not been tested for periods that span their current age plus the operational phase of the DGR,
it is questionable that past performance is a good predictor of future performance.
Corrosive interactions between container material and waste may not be detectable by visual inspection until
containment is breached.
OPG Response:
As described in OPG’s response to Information Request (IR) EIS-09-474 (OPG 2013a), waste packages are not required
to remain intact for the full operational period of the DGR. Their primary functions are to provide structural integrity for
handling and stacking, and enclosing the contents during transfer from their storage location at the Western Waste
Management Facility to an emplacement room at the DGR.
As described in OPG’s responses to IR-EIS-03-50 (OPG 2012) and IR-EIS-08-343 (OPG 2013b), the majority of the low-
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level wastes are essentially dry. The DGR waste acceptance criteria, as summarized in Table 5-5 of the DGR
Preliminary Safety Report (OPG 2011), exclude reactive and corrosive wastes from the DGR. These two factors make
the degradation of low-level waste containers from the inside-out due to waste-to-container interactions very unlikely. As
an additional barrier, most of the low-level wastes are further contained in polyethylene bags or sheeting inside the metal
container, further isolating them from direct contact with the container walls. Containers with loose material, such as
incinerator ash, are further protected by a hot-dipped galvanized coating on the internal and external surfaces.
The structural load on most LLW containers (and stacks of containers) is taken by corner posts designed for this
purpose. The posts are thicker walled than the container side panels. The most likely form of corrosion on the LLW
container corner posts is from external exposure to humid air during storage. This is easily detectable by visual
inspection of the exterior of the container at time of retrieval from storage and transfer to the DGR. Any containers not
meeting the acceptance criteria will be remediated as required, such as by overpacking.
The ILW waste category that is most susceptible to waste-to-container interactions is the ion-exchange resins stored in
carbon steel liners, specifically the CANDECON type resins which can exhibit low pH. Beginning in 2006, OPG
undertook to retrieve all carbon steel resins liners older than 1998 (stored in IC-12s, IC-18s and trenches) and overpack
them into stainless steel containers. Approximately 400 liners were overpacked, including all of the CANDECON resins.
All retrieved liners were observed to be intact and were safely lifted into the new overpacks. Since 2004, all ILW IX
resins have been packaged in corrosion resistant stainless steel resin liners to prevent the possibility of any such
interactions. Carbon steel resin liners produced after 1998 do not contain any CANDECON resin and were considered
to have sufficient remaining life for safe retrieval and emplacement in the DGR. Most of the resin liners and overpacks
will be further protected by new shielding concrete overpacks at the time they are transferred to the DGR.
If waste package corrosion did occur, corrosive interactions between waste and container would likely start in a small,
localized area where the conditions are ideal to establish the electrochemical concentration cell required to initiate
corrosion. This would result in a localized through-wall penetration that would be observable from the outside before the
structural integrity of the container was adversely affected.
IAEA references (e.g. IAEA 1997) on the topic of non-destructive inspection methods for waste packages list three basic
applicable techniques: visual inspection, ultrasonic testing methods, and real-time radiography/x-ray tomography. Of
these three methods, only visual inspection (as currently practiced and planned by OPG) is applicable to the majority of
OPG’s containers for the reasons explained below.
Visual inspection is a quick method to determine the condition of the outside of the container. It can be done remotely by
camera in order to reduce worker dose or to reach areas not normally accessible (such as underneath containers). It will
easily detect holes and other issues with containers, especially thin-walled LLW containers.
Ultrasonic testing methods (UT) use a high-frequency transducer to transmit an audio signal into an object and record
the reflected signals which will vary according to material density and signal path length. By observing the signal pattern,
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an operator can detect differences in material thickness, density as well as discontinuities, such as holes and cracks.
The method requires a skilled operator to interpret the signal and is time consuming for large surfaces due to the need to
scan small areas at a time (e.g. a few tens of square centimetres). OPG has investigated the use of ultrasonic thickness
measurement on some containers, such as carbon steel resin liners. However, this method is not practical on a large
scale. The slow speed is a consideration for worker dose, which will limit its applicability even for low doserate packages.
In addition, the results are difficult to interpret due to the signal noise created by the non-uniform contact between the
waste and the package, especially for thin-walled packages with heterogeneous contents.
Real-time radiography (RTR) is similar to an airport style x-ray scanner. It builds a two-dimensional image of an object
by measuring the intensity of x-rays transmitted through an object. The image is created by the contrast in the x-ray
transmissivity and thicknesses of different materials in the container. X-ray tomography is an extension of this process
which uses computer control to take a series of images from different angles and assembling them into a threedimensional image. Both processes can be operated automatically (e.g. conveyor belt) and remotely, but still require an
operator to interpret the results. These techniques can be applied to waste packages, although their primary purpose is
to examine the contents rather than the container. This has been used in other facilities to look for liquids and other
banned inclusions in waste packages. In the case of thin-walled metallic LLW containers, the technique does not have
sufficient resolution to detect variations in wall thickness that could be caused by internal corrosion. In addition, it is not
readily suited to large rectilinear waste packages due to the need to rotate the waste package in front of the detector (it is
used almost exclusively for 200 L and smaller cylindrical packages). It also requires very powerful x-rays to penetrate
the full thickness of a large container. It is not practical for shielded containers, which will essentially block the x-rays
from penetrating from one side of the container to the other.
References:
IAEA. 1997. Inspection and Testing in Conditioning of Radioactive Waste. International Atomic Energy Agency report
IAEA-TECDOC-959. Vienna, Austria. (available at http://www-pub.iaea.org/MTCD/Publications/PDF/te_0959_scr.pdf)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2013a. OPG Letter, L. Swami to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #9 Information Requests”, CD# 00216-CORR-0053100178, March 28, 2013. (CEAA Registry Doc# 949)
OPG. 2013b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
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Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR-0053100160, February 14, 2013. (CEAA Registry Doc# 886)

EIS 10-489

 Section 8.3,
Operation
 Section11.4.1,
Geology and
Geomorphology

Information Request:
Discuss whether waste rock from carbonate rock strata (e.g., Salina Group, Guelph Formation, etc.) may also require
special management due to salinity, and possibly associated metals, that may be released from these rocks.
Context:
Follow-up to IR EIS 04-159.
In EIS 04-159, the Panel requested kinetic tests on ground core samples. OPG's response downplayed the potential for
water quality problems and made no commitment to undertake kinetic tests.
Environment Canada recommends that, should the project move forward, field tests on blasted rock should be
undertaken during construction as waste rock is removed to surface, in order to inform the need for and extent of
treatment that may be required.
Environment Canada noted the merit in the waste rock monitoring program approach outlined in IR EIS 04-160 (the
approach outlined in the IR, not OPG's response to that IR). Environment Canada explained that the improbable or low
risk of acid rock drainage due to excess neutralization potential does not preclude that risks may exist for metal leaching
under conditions at or near neutral pH due to the weathering or oxidation of other minerals not reflected in the small
sample size and short-term nature of the testing program.
OPG Response:
Additional work and several commitments have been made since the filing of the Environmental Impact Statement
(OPG 2011) submission in April 2011. The environmental assessment included preliminary geochemical test work of the
three main rock types that would be encountered during underground excavation including the carbonate strata. Water
quality modelling (GOLDER 2012) has since been performed, which has used the geochemical test data as an input.
Based on the results, the following commitments for mitigation have been made:





in-shaft grouting of formations with higher hydraulic conductivity (i.e., Salina A1 Aquifer and Guelph formations
encountered in shaft sinking) to limit the inflow of saline groundwater;
monitoring of the quality of the groundwater flowing into the shaft;
monitoring of the quality of the contact water from the rock piles for, among other parameters, metal
concentrations to determine the extent of metal leaching, if any;
covering the small temporary piles of shale or dolostone, if necessary;
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treatment of saline groundwater or contact water from the rock piles, if necessary; and
regular monitoring of the rock (see OPG’s response to Information Request EIS-04-160, [OPG 2012]) to
determine if the samples collected are consistent with those collected as part of the characterization program.

Given the short time for construction and the emplacement of rock at surface, field cells will not provide useful data in a
timely manner. By the time useful monitoring data is generated from the field cells, the waste rock piles will have been
fully developed and the piles themselves would provide more meaningful and relevant data through monitoring. Field
cells are generally used for projects where waste rock is placed at surface for many years and advanced data is needed
to refine their management. In comparison to various mining projects, the DGR project will generate a relatively small
amount of waste rock (bulked volume of approximately 1,000,000 m3 or 1.9 M tonnes). The above measures are
considered appropriate to manage the rock brought to surface during the construction of the DGR project.
The aforementioned geochemical test work (GOLDER 2011) did not indicate that acid rock drainage was an issue but
did identify metals of potential concern. However, when the test data was used as input into the water quality model
(GOLDER 2012) these metal concentrations were not considered problematic with respect to the final discharge quality
of the water from the stormwater management pond.
The number and type of samples collected for the geochemical test program, as well as the types of testing performed
(including the decision not to proceed with kinetic testing), are consistent with guidelines presented in Price (1997),
MEND (2009) and INAP (2013). The guidelines are generally followed in Canada as well as internationally. These
guidelines in conjunction with professional judgement have been successfully used in the design of geochemical
characterization programs at mine sites that have significantly larger volumes of waste rock (in comparison to estimated
DGR waste rock volume).
References:
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository (DGR). Golder
Associates Ltd. Technical Memorandum from C. Rae to D. Barker (NWMO). (CEAA Registry Doc# 523)
GOLDER. 2012. OPG’s Deep Geologic Repository for Low Level and Intermediate Nuclear Waste, Work Package 2-12:
Water Quality Modelling Results for the Stormwater Management Pond (SWMP). Golder Associates Ltd. Technical
Memorandum 1011170042-TM-G2120-0014-01 R01. (CEAA Registry Doc# 936)
INAP. 2013. Global Acid Rock Drainage (GARD) Guide. International Network for Acid Prevention. (available at
www.gardguide.com)
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste – Environmental Impact
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Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2012. OPG Letter from A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and
Intermediate Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD#
00216-CORR-00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
Price, W.A. 1997. Draft Guidelines and Recommended Methods for the Prediction of Metal Leaching and Acid Rock
Drainage at Minesites in British Columbia, Ministry of Energy and Mines.

EIS 10-490

 Section 10,
Existing
Environment
 Section 10.1.4,
Terrestrial
Environment

Information Request:
Provide Best Management Practices (BMPs)/mitigation measures for potential impacts on snakes, particularly for those
species, including Eastern Ribbonsnake, that have been confirmed on site.
Context:
Preventative BMPs to keep various species out of the work area should be implemented, especially since OPG could be
creating snake habitat during construction. For example, Eastern Ribbonsnake (SARA Special Concern) was found at
the Bruce Nuclear site but not at the proposed DGR site. These species are mobile and could wander into the DGR site
even though they have not been observed there.
Also, since there are records of Eastern Ribbonsnake occurring at the Bruce Nuclear Site in 1999, and the species has
been incidentally observed by Golder Associates and the Ontario Ministry of Natural Resources staff more recently, OPG
should assume that the species does occur within the Site Study Area, contrary to the statement that the species “likely
occurs within the Site Study Area.” (OPG response to IR EIS 01-15)
OPG Response:
Snake species have not specifically been identified as using habitats within the DGR Project Site that will be affected by
the site preparation and construction activities of the project and there is limited habitat potential within the DGR Project
Site. Specific mitigation measures for eastern ribbonsnake have not been developed in Ontario. In the absence of
species-specific measures, generally accepted measures for snake mitigation (all Ontario species) are available for
implementation on this project and species-specific mitigation measures can be developed on an as-needed basis with
input from the Ministry of Natural Resources (MNR) Species at Risk (SAR) biologists. It is anticipated that in addition to
MNR input, advice will be available from the Canadian Wildlife Service (CWS).
The primary focus of reptile mitigation measures in Ontario has been the installation of reptile exclusion fencing
surrounding areas that will be disturbed during site preparation and construction activities. This fencing would remain in
place throughout the year to prevent snakes from entering the DGR Project Site where construction activities will occur.
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Secondary measures include direction of species away from roads (also through fencing), the placement of culverts
under roadways to allow for safe wildlife passage, and the development and implementation of employee awareness and
education programs. These education programs are developed in consultation with MNR SAR biologists and are often
also administered by the MNR.
Exclusion fencing is the most effective way to keep snakes from entering specific portions of a development site. In the
case of the DGR Project, SAR snake species have not been identified as using habitat within the DGR Project Site.
While there is potential for SAR to “wander” into the DGR Project Site, no preferred habitats have been identified. An
exclusion fence will be erected around the perimeter of the construction site to prevent reptile species from entering this
area. The type of fencing required involves specific design measures to prevent snakes from entering the construction
area either over or under the fence. These measures are also effective for preventing all types of reptiles (including both
snakes and turtles) and many amphibian and small mammal species from entering a fenced area such as the DGR
Project Site. The fencing is designed to exclude reptiles as a group, with specific design measures including height,
materials and buried fenced depth to address the largest species or most difficult species to exclude (e.g., snapping
turtle). References are available providing guidance on reptile/snake exclusion fencing. For example, the Wisconsin
Department of Natural Resources Amphibian and Reptile Exclusion Fencing Protocol is enclosed (WDNR 2009).
It can be summarized that species specific mitigation measures for the eastern ribbonsnake, as well as eastern
milksnake, are not readily available; however, generalized mitigation measures are referred to in the Significant Wildlife
Habitat Technical Guide, which provides a link to the supporting document Significant Wildlife Habitat Decision Support
System (OMNR 2000) for more detailed information.
References:
OMNR (Ontario Ministry of Natural Resources). 2000. Significant Wildlife Habitat Technical Guide. (available at:
http://www.mnr.gov.on.ca/en/Business/FW/Publication/MNR_E001285P.html)
WDNR (Wisconsin Department of Natural Resources). 2009. Amphibian and Reptile Fencing Protocol. (available at:
http://dnr.wi.gov/topic/ERReview/Documents/Butler/AmphibianReptileFencingProtocol.pdf)

EIS 10-491

 Section 10,
Existing
Environment
 Section 10.1.4,
Terrestrial
Environment

Information Request:
Confirm whether or not the proposed location of the stormwater management pond (SWMP) will result in a loss of
wetland habitat from Wetland #4. If a portion of the wetland will be removed, identify:


the implications upon water levels (and the viability of the wetland) within Wetland #4; and



options to change the alignment of the SWMP to avoid intersecting the wetland.
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Context:
Follow-up to IR EIS 05-168.
Figure 1, which was attached to the OPG response to EIS 05-168, delineates Wetland #4, and it appears that the
western “finger” of this wetland lies within the footprint of the SWMP. If this is the case, it implies that the excavation of
the SWMP will likely intersect the water table, which could reduce water levels within Wetland #4 and thereby affect the
size and viability of the remaining wetland.
There appears to be a discrepancy between Figure 1, referenced above, and the map of vegetation communities
provided as Enclosure 6, Figure 1, associated with the response to EIS IR 03-85 (CEAR# 614).
OPG Response:
There are two figures relevant to the response to this Information Request.




Figure 1 of Enclosure 6 included in OPG’s response to Information Request (IR) EIS-03-85 (OPG 2012a) was
included in the Terrestrial Environment Technical Support Document (TSD) (GOLDER 2011a, Figure 5.4.1-1).
Figure 5.4.1-1 of the Terrestrial Environment TSD (GOLDER 2011a) (Figure 1 of OPG 2012a) shows an area
labelled as marsh in the northeast portion of the DGR Project Area, and often referred to as the northeast marsh,
that roughly corresponds to the area referred to as “Wetland #4” in Figure 1 of OPG’s response to IR-EIS-05-168
(OPG 2012b, NWMO 2012). An extract from Figure 5.4.1-1 (GOLDER 2011a) is shown as Figure 1 below.
Figure 1 of OPG’s response to IR-EIS-05-168 (OPG 2012b, NWMO 2012). The area under discussion is shown
as “Wetland #4”. Figure 2 below shows the area identified as Wetland #4.

The perimeter of the area shown as “Wetland #4” includes a “finger” on the west side of the area which does not appear
in Figure 5.4.1-1 of the Terrestrial Environment Technical Support Document (TSD) (GOLDER 2011a). There are
several reasons for the difference in the delineation of the perimeter of this area.
As discussed in OPG’s response to IR-EIS-09-477 (OPG 2013) and described in Section 5.4.1 of the Terrestrial
Environment TSD (GOLDER 2011a), Figure 5.4.1-1 was generated by completing a survey of vegetation communities,
including community classification and delineation, using the Ecological Land Classification (ELC) System for Southern
Ontario (Lee et al. 1998). Plant species communities were identified and mapped using the ELC criteria and definitions
for size and composition. As discussed in OPG’s response to IR-EIS-09-477 (OPG 2013), the mapping of “wetland”
habitat units using the ELC criteria differs from the methods employed during the April 2012 survey and shown in
Figure 1 of OPG’s response to IR-EIS-05-168 (OPG 2012b).
Figure 1 of OPG’s response to IR-EIS-05-168 (OPG 2012b) was generated as part of a targeted survey conducted in
April 2012 to assess the presence of reptile and amphibian habitat within the DGR Project site. During the April 2012
survey, the use of the term “wetland” to describe these habitat units was applied broadly to seasonally or permanently
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wet areas with no minimum size criteria. This application of terminology is less rigorous than the protocol described in
the ELC criteria, which includes minimum size requirements, soil moisture and plant species composition criteria that
would not be met by some of the habitat units examined as part of the targeted survey. Some of the lands identified as
“wetlands” in this assessment for habitat potential, including the “finger” of “Wetland #4”, would not meet ELC wetland
criteria or the criteria outlined in the Ontario Wetland Evaluation System Southern Manual (MNR 2013).
As discussed in OPG’s response to IR-EIS-09-413 (OPG 2013), the wetland in the northeast portion of the Project Area,
which roughly corresponds to the area referred to as “Wetland #4” in Figure 1 of IR-EIS-05-168 (OPG 2012b,
NWMO 2012), is likely formed by precipitation collected in a shallow depression. There are no inflows to the wetland
other than runoff from a small catchment. When precipitation exceeds evaporation (i.e., average to wet years), the
wetland will likely contain water. However, during extended dry periods when evaporation exceeds precipitation, the
wetland may be nearly dry, if not completely dry. The only outflow from this wetland is intermittent discharge over a sill
located at the northwestern edge of the wetland. This outflow is directed to a drainage ditch that passes under
Interconnecting Road via a series of shallow constructed drainage swales. Thus, the western “finger” of the area
referred to as “Wetland #4” in Figure 1 of OPG’s response to IR-EIS-05-168 (OPG 2012b, NWMO 2012) is likely outflow
from the wetland that was occurring after rainfall events that preceded the targeted survey.
All wetlands plus an adjacent land distance are subject to Ontario Regulation (O. Reg.) 169/06 (Regulation of
Development, Interference With Wetlands and Alterations to Shorelines and Watercourses). For wetlands that are not
classified as Provincially Significant, the regulated area includes the wetland plus 30 m from the wetland boundary. As
stated in Section 13.2 of the Aquatic Environment TSD (GOLDER 2011b), OPG has committed to maintaining a 30-m
setback from the wetland in the northeast portion of the Project Area. Therefore, the detailed stormwater management
pond (SWMP) design will be finalized to ensure that there will be no measurable loss of wetland habitat.
Excavation of the SWMP is not expected to change the water level in the marsh in the northeast portion of the Project
Area, which roughly corresponds with the area referred to as “Wetland #4” in OPG’s response to IR-EIS-05-168
(OPG 2012b, NWMO 2012). The low hydraulic conductivity of the glacial till will maintain water levels in the vicinity of
the wetland similar to existing conditions. Precipitation onto the wetland will continue to be maintained within the
wetland, on top of the low-hydraulic conductivity till surface (the floor of the wetland). The hydraulic gradient between the
clayey silt till and the underlying bedrock aquifer will not be affected in any way by the construction of the SWMP.
As discussed in OPG’s responses to IRs EIS-03-54 through EIS-03-57 (OPG 2012a) and EIS-09-473 (OPG 2013), the
DGR Project Area is underlain by a dense, low-permeability glacial silt till (9 to 14 m thick) overlying Devonian age
fractured carbonate bedrock, which is a confined fresh water aquifer that is used for potable water purposes outside the
Bruce nuclear site perimeter (i.e., upgradient of the DGR Project site). The dense silt till deposit contains thin (less than
1 m) isolated seams/interlayers of cohesionless sands, silts, gravels and cobbles, but no continuous cohesionless
aquifer was encountered within the silt till deposit during the investigation at the DGR Project Area.

1661

Consolidated Responses to JRP’s Information Requests for Deep Geologic Repository Project for Low and Intermediate Level Waste

IR#

EIS Guidelines
Section

Information Request and Response
The SWMP invert elevation will be set at 177 to 179 mASL (invert elevation to be confirmed with the detailed site grading
plan). Thus, there would be a minimum of 7 m of undisturbed glacial till separating the base of the pond and the
underlying bedrock aquifer.
However, as discussed in OPG’s responses to IRs EIS-05-172 and EIS-05-173 (OPG 2012c) and described in the DGR
Follow-up Monitoring Program (NWMO 2011, Section 3.1), baseline shallow groundwater monitoring will be conducted
and will continue throughout the site preparation and construction phase. The shallow groundwater monitoring well
network will be capable of detecting changes to the water table near the marsh in the northeast portion of the Project
Area (an area referred to as “Wetland #4” in OPG’s response to IR-EIS-05-168 [OPG 2012b, NWMO 2012]).
The DGR EA Follow-up Monitoring Program document (NWMO 2011, Tables 2 and 3a) also outlines the proposed
wetland baseline and follow-up monitoring. Staff gauge water level monitoring at a location in the northeast wetland is to
be conducted as follows:



Baseline: Monthly monitoring for a period of one year prior to site preparation and construction.
Follow-up: Weekly during the site preparation and construction phase is suggested. The program will be
discontinued if there is not an observed effect at the end of the construction phase.

The DGR EA Follow-up Monitoring Program (NWMO 2011, Section 13.4) also includes the commitment to implement
mitigation measures (e.g., a temporary water supply to the marsh) if the results of these monitoring programs, when
compared to daily precipitation data, indicate that the wetland water levels may be dropping as a result of the DGR
Project.
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Northeast Marsh

Figure 1: Northeast Marsh (as shown in GOLDER 2011a)
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Figure 2: Wetland #4 (as shown in OPG 2012b, NWMO 2012)
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EIS 10-492

 Section 8.5,
Decommissioning

Information Request:
Provide additional information relating to the long term, postclosure interval durability of natural analogs similar in
physical character to proposed shaft seal materials that will be influenced by subsurface environmental conditions, in
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terms of chemical and water quality exposure characteristics, that currently are known to exist at the DGR.
Assess analog performance in terms of postclosure time intervals and environmental exposure conditions that more
closely relate to expected DGR conditions than previously presented.
Context:
Follow-up to IR EIS 03-64.
IR EIS 03-64 requested an evaluation of the durability of concrete bulkheads, asphalt seals and bentonite sand seals for
the operational phase and extending into the postclosure phase. OPG was requested to provide experience in other
relevant settings and explain how assumptions with respect to the life-span of these materials contribute to confidence in
the post-closure assessment. Examples of relevant settings based on other existing repository experience have been
identified, though only on thousand, and potentially ten thousand, year short-term timescales.
Natural analogs for concrete, bentonite and asphalt-based materials were presented to characterize the durability of
shaft seal materials over million year timescales, as would be displayed through the long-term postclosure period.
However, each described analog material, though partially similar in physical character is (a) not identical to proposed
shaft seal materials that will be used in the DGR; and (b) has not been subjected to subsurface chemical and water
environment conditions similar to those to which seal materials will be exposed at the DGR.
OPG Response:
Natural (and archaeological) analogs provide information on the long-term behaviour of materials and processes relevant
to a repository. The analogs are not identical to a repository, but the ability to explain the behaviour observed in a range
of analogs improves confidence in the ability to anticipate the long-term behaviour of a specific repository.
The relevance of the data is improved by the closeness of the analog to the repository conditions. In this respect, the
key conditions for the DGR shaft seals are that they will be at relatively low temperatures of approximately 10-25°C over
relevant timescales of 0.1 to 1 million years, and that the water composition in the host rock formations is primarily NaCa-Cl at salinities of about 300 g/L.
Natural Analogs for Bentonite-Sand Durability
The primary DGR shaft seal material is a bentonite-sand mixture, with the reference composition of 70% MX-80
bentonite and 30% silica sand. The bentonite clay provides the sealing, and the sand improves the mechanical
properties. The main sealing minerals are the swelling clay components of the bentonite, usually referred to as
smectites or more specifically montmorillonite. MX-80 is 80-90% montmorillonite. Several natural analogs are listed
below that provide some evidence for the potential long-term durability of this material under DGR conditions, as well as
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evidence for other conditions that would reduce its durability.


MX-80 is from deposits known as ‘Wyoming bentonite’ in the western USA that were formed from volcanic ash about
65 million years ago (Laine and Karttunen 2010, Section 4.10). MX-80 typically contains 80-90% sodium-based
montmorillonite and 2-4% quartz (silica). The bentonites are the product of in situ alteration of volcanic ash deposits
in a shallow marine environment (Smellie 2001), so the formation occurred at least partly in the presence of saline
water. Smellie (2001) indicates that the bentonite has undergone no major post-depositional alteration, possibly
partly due to the surrounding shale. In the DGR, a large fraction of the shaft seal will also be enclosed by shale rock
formations. This analog illustrates the potential durability of bentonite over tens of millions of years in a closed
system (i.e. surrounded by a low permeability shale), under low (DGR-relevant) temperatures but lower (marine)
salinity.



Bentonite deposits in the Cabo de Gata region in Spain are about 10 million years old (Laine and Karttunen 2010,
Section 4.4). The Cortijo de Archidona deposit was likely exposed to sea water (30 g/L Na-Cl) over millions of years
(Laine and Karttunen 2010), and retains a high montmorillonite content (approximately 80% montmorillonite, 2%
quartz). The San Jose deposit (74% smectite, 10% quartz), was also exposed to (marine) saline groundwater. It
was concluded that the initial NaCl content has not affected the favourable physical properties of the San Jose
bentonite significantly (Laine and Karttunen 2010, Section 4.4.2).



Bentonites exposed to saline and non-saline pore waters have been studied in the East Slovakian Basin (Laine and
Karttunen 2010, Section 4.5). Studies have concluded that smectite and smectite-illite are stable in saline marine
sediments until temperatures of ~50°C or higher are reached; this is much higher than the DGR conditions.



The Greek commercial Deponit Ca-N bentonite was formed from volcanic rocks dated to 3.5 to 0.1 million years ago
(Laine and Karttunen 2010, Section 4.11). This bentonite contains about 80% calcium-based montmorillonite. This
analog provides evidence for stability of bentonite with high calcium cation content, which may reflect long-term
conditions in the DGR due to cation exchange with the groundwater.



In Cyprus, the Perapedhi bentonite is estimated to be about 90 million years old, and may have been exposed to
marine saline conditions from that time until a few million years ago. These bentonites range from 25-50% smectite.
These bentonites have been studied to date mostly with respect to bentonite interaction with high-pH fluids
(Alexander and Milodowski 2011). Although not yet examined in detail, these bentonites may also provide an
illustration of bentonite durability under marine saline conditions for tens of millions of years (Alexander et al. 2013, in
prep).



Drilling in the Izu-Bonin fore-arc basin near Japan found smectites that were produced in the seafloor sediments
from volcanic ash (Laine and Karttunen 2010, Section 4.6). The smectites appeared to be stable in this environment
(~40 g/L Na-Ca-Cl), although in this case it is difficult to differentiate between the original formation of the bentonite
by reaction of the ash with saline solutions, and subsequent bentonite reactions (or lack thereof) with the saline
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conditions.


Bentonites will degrade at high pH conditions into non-swelling minerals. For example, at Searles Lake, USA, there
is analog evidence for the alteration of clays at high salinity and high pH (Laine and Karttunen 2010, Section 4.9).
The alteration of montmorillonite occurred under 20-50°C, 220 g/L Na-K-Cl and pH of 9-10, within the past 3 million
years. Up to 70% of the smectite was altered within a period of <100,000 years; however, fluxes in this system are
much higher than would occur in the host rock of a deep geologic repository (at Searles Lake, water moves by
advection) (Savage et al. 2010). In the DGR, alkaline conditions are anticipated near the concrete monolith and
shaft concrete plugs. However, in the DGR the temperatures will be low, groundwater movement will be very slow
(i.e., diffusion-dominant transport), and a low-pH cement will be used, which will minimize the extent of this reaction
to a small portion of the bentonite/sand seal adjacent to the concrete.



The bentonite formation at Kinnekulle, Sweden (Laine and Karttunen 2010, Section 4.1) was formed over 400 million
years ago, when volcanic ash was deposited in seawater. The bentonite contains about 25% montmorillonite and
about 30-40% silica in various forms including quartz and amorphous silica. This bentonite was exposed to elevated
temperatures as a result of nearby igneous intrusions occurring 300 million years ago. This natural analog is
relevant to the DGR because significant montmorillonite has remained after exposure to sea water salinity over
potentially one hundred million years. The current bentonite has low ductility because of the low montmorillonite
content, and cementation at the interface with the adjacent silicified limestone formation. However, in the DGR, the
shaft seal temperature will be around 10-25°C, so such reactions would proceed much more slowly.



Thermal alteration of bentonite, including smectite/illite conversion and cementation, is observed in a number of
other studies. However, these are observed at higher temperatures (> 100°C) than in the DGR, and are dependent
on the rate of supply of potassium (Laine and Karttunen 2010, Section 4.12).

Natural Analogs for Asphalt Durability
Asphalt is included in the DGR shaft seal as an independent seal material. The reference composition is 20% bitumen,
70% silica sand, and 10% lime. Several natural analogs are listed below that provide some illustration of the potential
durability of this material.


The Athabasca oil sands located in the McMurray Formation, Alberta are the largest known reservoir of crude
bitumen in the world. The McMurray formation is of early Cretaceous age. The formation is presently composed of
numerous lenses of unconsolidated oil-bearing sand, with up to 20% oil (Carrigy 1971, Bunger et al. 1979). Recent
isotopic studies attribute the oil deposits to be about 112 million years ago (Selby and Creaser 2005). The
groundwater conditions were likely meteoric or brackish (Longstaffe 1993). This supports the stability of bitumen and
sand for periods in excess of ten million years under low (DGR-relevant) temperatures but lower salinity.



Heavy oil or bitumen deposits also occur in sandstone rocks in the Uinta Basin in Utah, USA (Schamel 2009). The
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Tar Sand Triangle deposit, for example, is roughly 6% bitumen (Bunger et al. 1979). The sediments were likely laid
down in the late Cretaceous to Eocene period (70 to 30 million years ago). The basin formation waters likely ranged
from 5 to 40 g/L salinity. This analog also provides an example of the stability of heavy oil or bitumen and sand for
long times, under marine salinity and low temperature.


Also within the Uinta Basin in Utah, there is a swarm of near vertical, laterally and vertically extensive (10’s of km)
veins composed of a solid hydrocarbon termed “Gilsonite”, which is worked commercially (Boden and Tripp 2012).
These veins formed by the polymerisation and solidification of hydrocarbons that were mobilised by hydrothermal
fluids during burial and diagenesis of Eocene (56 to 34 million years ago) sedimentary rocks and have subsequently
remained little altered for several tens of millions of years.



Natural bitumen (also known as asphalt) is found in a number of locations indicating that it is stable under nearsurface water-saturated environments for at least tens of thousands of years (Miller et al. 2000, Section 4.7). For
example, the asphalt pits at Rancho la Brea, California, and Talara, Peru, and the asphalt lakes of Trinidad and
Guanoco, Venezuela, have preserved animal bones and wood (Miller et al. 2000, Section 4.7), including animals
trapped and preserved in asphalt pits around 10,000 and 40,000 years ago near the end of the last Ice Age.



In the rocks within the natural nuclear reactor at Oklo in Gabon (which underwent nuclear fission at about 2 billion
years ago), bitumens have immobilised uranium (Parnell 1996). This bitumen is thought to have been produced
from organic matter in the rocks by the hydrothermal activity that accompanied reactor criticality (Hidaka 2007).
Much of the original organic material has transformed to graphite, but some residual bitumen characteristics remain.
Given the extreme age of this deposit, these observations at Oklo provide qualitative evidence for the longevity of
bitumen (Mossman et al. 2008).

Natural Analogs for Concrete Durability
Concrete is included in the DGR shaft seal as a short-term seal, and as a long-term mechanical support. The reference
composition for a low-pH, high-performance concrete is 4% cement, 12% silica fume and flour, and 80% aggregate and
sand filler. The silica fume and flour are pozzolanic materials that supplement the cement, and improve the properties of
the concrete. The main binding material in concrete is the Calcium-Silica-Hydrate (C-S-H) compound that forms as the
concrete sets. Three analogs are listed below that provide some illustration of the potential durability of this material.


Naturally occurring C-S-H compounds can be found in County Antrim, Northern Ireland (Miller et al. 2000, p.131).
The C-S-H compounds formed during hydrothermal alteration of the sedimentary rock before a dolerite intrusion.
This implies that the C-S-H compounds have been stable for about 58 million years, the age of the dolerite intrusion.
Information on the temperature and salinity is not available.



Cementitious mineral phases, including C-S-H, occur at the Maqarin natural analog in Jordan (Smellie 1998). These
minerals formed several hundred thousand years ago (in the eastern part of the analog area probably around
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600,000 years ago, and certainly >150,000 years ago). Subsequent leaching of the natural cement by fresh
meteoric water has formed plumes of alkaline groundwater. Although the conditions of “cement” evolution were very
different to those that would occur in the DGR shafts (notably the low groundwater salinity and higher flow rates at
Maqarin), the analog provides further evidence that cementitious mineral phases such as C-S-H can have
considerable longevity under low (DGR-relevant) temperatures.


The Romans were the first to widely implement concretes; these were lime-pozzolan based concretes in which
volcanic ash was the pozzolan (WIPP 2000, Section 3.1.3). The Roman aqueducts are examples of the physical
properties of these early concretes, which were built about 1800 years ago, and some of which are located about
150 m from the sea and therefore continuously sprayed with sea salts. Also, Roman mortar used in Hadrian’s Wall
(built around 130 AD) still contains substantial amounts of C-S-H compounds, which have reduced the porosity and
permeability of the cement and helped ensure the Wall’s preservation.

Relevance of Natural Analogs
The analogs described above are neither exactly the same materials nor under the same conditions as in the DGR.
However, these analogs provide evidence that key elements of the seal materials have demonstrated durability under
some natural settings for timeframes well beyond one million years. A key difference between the analogs and the DGR
conditions is the higher salinity in the DGR water compared to the analogs, which typically range up to sea water
salinities of around 30 g/L. However, the very long duration (several tens of millions of years) or higher temperatures of
some of these analogs provides some compensation for their lower salinity with respect to confidence in durability under
DGR conditions. Furthermore, these (and other) analogs all contribute to the basic materials data and process
understanding that is background to the DGR safety case.
It may be noted that the effect of high salinities, although not directly addressed in the natural analogs, is addressed in
the DGR through material selection and via geochemical modelling. In the design, the primary bentonite/sand shaft seal
takes into account the high water salinity through selection of a high clay density material. As well, the design includes a
chemically different independent seal material (asphalt) and concrete plugs. Also geochemical modelling based on
considerations of mineral stability, as well as rates of reaction at the low DGR temperatures, has been used to confirm
the durability of the primary bentonite/sand seal (QUINTESSA 2011; Wilson et al. 2012). Finally, the low permeability of
the seals and surrounding rock formations, limits the ability for species to be transported to or from the shaft, and
therefore limits the rate of reactions at the shaft.
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Wilson J., S. Benbow, R. Metcalfe and H. Leung. 2012. Reactive Transport Modelling of a Shale-Bentonite Interface in
a Hypersaline System. Proc. International Meeting on "Clays in Natural and Engineered Barriers for Radioactive Waste
Confinement", Montpellier, France.
WIPP. 2000. Ancient Cementitious Materials. Prepared for Waste Isolation Pilot Plant, Carlsbad, USA. (available at
http://www.wipp.energy.gov/picsprog/documents/Ancient%20Cementitious%20Materials.pdf)

EIS 10-493

 Section 10,
Aquatic
Environment
 Section 11,
Effects
Prediction,
Mitigation
Measures and
Significance of
Residual Effects

Information Request:
Provide the baseline surface water and sediment quality data specifically requested in IR EIS 07-299 for the Un-named
Ditch, immediately downstream of Interconnecting Road, for the spring 2013 season.
More than one location must be sampled downstream of the proposed stormwater management pond. The number of
samples should be sufficient to be statistically representative of baseline conditions.
Context:
Follow-up to IR EIS 07-299.
Environment Canada noted that: “This baseline is important since it would be used to compare to the data collected from
a Follow-up and Monitoring Program that we expect would be established for verifying effects from the effluent released
from the Stormwater Management Pond” (CEARIS # 901)
OPG Response:
As described in the DGR EA Follow-up Monitoring Program (NWMO 2011, Table 2), the surface water sampling program
comprises quarterly surface water quality monitoring at two locations: MacPherson Bay and the Interconnecting Road
ditch, beginning one year prior to site preparation and construction. In addition to the proposed baseline surface water
monitoring program (NWMO 2011, Table 2), one sample location (SW8) has been added in the un-named ditch. This
provides a total of three locations downstream of the Stormwater Management Pond for the 2013 calendar year and is
sufficient to be statistically representative of baseline conditions. Note that the statistical analysis of the sample results is
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an iterative process, and the program will be adjusted if necessary. The site SW6 is located in MacPherson Bay, while
two sample sites (SW7 and SW8) are located in the un-named ditch, downstream of the stormwater management pond
and Interconnecting Road, as shown on Figure 1. Note that the un-named ditch is frequently dry, but that ditch
maintenance conducted by Bruce Power in the fall of 2012 to remove vegetation and debris at the culvert inlets, is
anticipated to increase flow in the ditch.
Surface water samples have not yet been collected in 2013 because of frozen conditions. Visual observations of the
sample locations have been made, but conditions are not anticipated to change before April 2013. Once the 2013 spring
samples are collected and the analytical results have been received and processed, they will be submitted to the Joint
Review Panel as requested.
Sediment samples are not likely to be able to be collected at SW6, SW7 and SW8 in the spring of 2013 because
sediment samples should be collected in low-flow or no-flow conditions, consistent with good practice (USGS 2005,
Section 8.2.1) and these conditions will not likely exist in the spring. Once the samples are collected and results have
been received and processed, they will be submitted to the Joint Review Panel as requested.
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Figure 1: Sample Locations SW6, SW7 and SW8
(note that a larger figure is attached at the end of this table)
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References:
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
USGS. 2005. National Field Manual for the Collection of Water-Quality Data: U.S. Geological Survey Techniques of
Water-Resources Investigations, Book 9 Handbooks for Water-Resources Investigations - Chapter A8 Bottom-material
Samples. Version 1.1.
EIS 10-494

 Section 8.1,
General
Information and
Design
Description

Information Request:
Confirm that the maximum factor of expansion for the repository volume is 2.
Provide the primary technical constraints that limit expansion capacity.
Context:
Follow-up to IR EIS 08-341.
The response to IR EIS 04-145, referred to in IR EIS 08-341, stipulates a factor of 2, but it is not clear if this is a
maximum.
OPG Response:
The potential to expand the DGR to accommodate up to 400,000 m3 of waste within the proposed infrastructure (e.g.
dewatering, ventilation, waste rock management, etc.) has been assessed with the conclusion that this could be done.
An assessment has not been completed to determine the maximum capacity of the repository; however, as stated in
OPG’s response to Information Request EIS-04-145 (OPG 2012), “the host geological formation has significant potential
for expansion within the Lower Cobourg Formation”. Assuming the existing surface boundaries of the DGR project,
storage of waste rock to accommodate a repository with a total capacity greater that 400,000 m3 would be the prime
constraint. It would also become increasingly challenging to construct additional emplacement rooms beyond a total
capacity of 400,000 m3 without additional shaft(s) or ventilation considerations.
Therefore, within the constraints of the project boundary and the proposed infrastructure, our assessment supports
repository expansion of a factor of up to 2 but does not conclude that the maximum factor of expansion for the repository
is 2. With changes to the DGR project boundary, and with changes to project infrastructure as discussed above, it is
likely that the DGR capacity could be expanded beyond a factor of two.
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Reference:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)
EIS 10-495

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide the waste package Design Requirements and Technical Specifications referenced in the response to IR EIS 08343.
Context:
Follow-up to IR EIS 08-343.
OPG Response:
For proprietary commercial reasons, typical design requirements for low- and intermediate-level waste containers and
typical examples of associated technical specifications for the major container types are being provided under a separate
confidential letter.

EIS 10-496

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide specific information describing measures to ensure the physical stability of waste packages during transport,
especially during underground cage operations, such as, for example, physical clamping of waste packages.
Context:
Follow-up to IR EIS 08-344.
The response to IR EIS 08-344 was not sufficient.
OPG Response:
Current waste package handling and vehicle operation at the Western Waste Management Facility (WWMF) is controlled
by OPG Nuclear governance. Load stability of both the load (container being stacked) and the stack is determined by
trained and qualified staff applying event free tools (e.g. pre- and post-job briefings, conservative decision making,
questioning attitude). Staff are qualified after training and assessment, including on-the-job training for the operation of
in-plant/off-road vehicles. On-the-job training for the safe operation of various classes of lift trucks is a job performance
measure. Load and stack stability are both rules defined in OPG governance and the worker is only qualified after
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demonstrating knowledge of the requirement to assess the stability of the load before lifting and the stability of the stack
after placement. Similar training and qualification would be developed for the DGR related waste handling and vehicles.
The handling of waste packages at the DGR is described in Section 6.5 of the DGR Preliminary Safety Report
(OPG 2011a) and in Sections 4.8.2 and 4.8.3 of the Environmental Impact Statement (OPG 2011b). The specific
measures employed during waste package handling to ensure physical stability are:


Forklift handling: The waste packages designed to be moved by forklift (both above surface and underground)
have built-in fork pockets, which engage with the forks of the forklift and ensure that the load is properly centered
on the forklift. The fork pocket spacing is designed to be wide enough to prevent lateral tipping from the forks,
as per standard industry practice, and the forks are long enough to ensure that the entire package rests on the
forks. Waste packages are moved by forklift one at a time (i.e. they are not stacked on a forklift). As per OPG
practice (and normal industry practice), the forklift mast is tilted slightly back towards the cab during package
movement. This ensures that there is no chance of the waste package slipping off the end of the forks. Two
types of forklift are currently included in the DGR design: a “light duty” model for loads up to approx 6 Mg and a
“heavy duty” model for loads up to 36 Mg. The light duty model will be used for the majority of the LLW
packages, while the heavy duty model will be used for the heavier packages (mostly shielded ILW packages).
Tall waste packages, such as the encapsulated tile-hole liners, may have supplemental restraints, such as
chains, to secure the top of the package to the mast of the forklift. This secondary securement is not required for
the majority of the waste packages, due to their low height-to-width ratio. This type of forklift movement of
radioactive waste packages has been practiced safely at the WWMF (as well as at similar facilities around the
world) for more than 30 years, both indoors and outdoors. OPG forklift drivers receive specific training and
qualifications for the equipment they operate.



Flatbed truck handling: Certain waste packages and other irregular shaped waste objects (such as heat
exchangers) not suited for forklift handling will be transferred from the WWMF to the DGR on a flatbed or similar
truck. Prior to the trip, the waste package will be secured to the vehicle using tiedowns attached to designated
points on the package and vehicle, as per standard OPG practice. The vehicle will be unloaded at the DGR by
an overhead crane using OPG approved rigging and lifting practices. Note that many of the waste packages and
objects transferred this way were originally transported to the WWMF site over public roads and highways from
as far away as Pickering or Darlington (in excess of 250 km) in a similar manner, in accordance with applicable
transportation regulations.



Rail cart: Waste packages are loaded on to the rail cart by light duty or heavy duty forklift or by overhead crane,
as appropriate for the package type. The load is centered on the cart with the aid of markings or guides on the
cart deck. The exact nature of the markings or guides will be determined during the detailed design of the cart.
The packages are placed in a single layer (i.e. stacking of packages is not allowed on the cart) of one or more
packages (depending on the package type, several may be transferred side-by-side on a single cart). The cart
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deck is larger than the largest waste package or grouping of packages in a single load. The need for specific
physical restraints (e.g. clamps or tiedowns) for various types of waste packages will be determined during the
detailed design phase. If required, they would typically engage with existing lifting features on the waste
package (such as forklift pockets or lifting lugs). Note that use of tiedowns, clamps and other restraints is also
an ALARA consideration. The time required to attach and remove them from the packages will result in
additional worker dose. As discussed in OPG’s response to Information Request EIS-08-344 (OPG 2013), the
waste packages are inherently stable against overturning during handling due to their low centre of gravity and
dimensional aspect ratio. A stability calculation for the major waste package types under conservative sudden
stop from full speed conditions (TILEY 2013), results in factors of safety ranging from 9 to 23 against overturning
on a rail cart. This means that the rail cart must be travelling at a speed of 3 to 5 times its maximum velocity of
0.5 m/s before the package stability is threatened by tipping during a sudden stop situation.


Cage handling: The hoist cage is leveled to the embedded rails and chaired in place (i.e. physically locked to
prevent vertical movement caused by the addition or removing of load). The design of the chairing mechanism
will be finalized during the detailed design. However, it will be based on existing, proven mining industry designs
for similar cage types and loads. The battery-powered rail cart is moved into the cage under manual pendant
control at a maximum speed of approximately 0.5 m/s and the brakes applied once it reaches position. Safety
stops and electrical interlocks will be designed into the cage and cart to prevent over travel. The cart is then
mechanically secured to the cage with a locking device. The cart locking device will be designed during the
detailed design phase. Once the cart has been secured, the hoist cage is un-chaired and lowered to the
repository level at a maximum travel speed of 5 m/s. The hoist cage is guided by fixed steel guides in the shaft
to minimize lateral movement of the cage. Roller guides are also used to dampen lateral motion and provide a
smooth travel in the shaft.



Repository level handling: The cage is chaired at the repository and the cart is unlocked. It is then moved out of
the cage on the rails under manual pendant control at a maximum speed of approximately 0.5 m/s into the shaft
station staging area. Most waste packages will then be removed from the cart by a light duty or heavy duty
forklift, as appropriate for the waste package and moved to either a temporary staging area near the shaft station
or directly to an emplacement room. Underground forklift handling is similar to the OPG standard practices
described above. The access tunnels and emplacement rooms all have smooth concrete floors to minimize
jarring of the packages during transfer. Waste packages will be stacked according to the specifications for each
type using approved procedures, similar to those currently used by OPG in its surface storage facilities. Many of
the waste package types are designed with integral pin locators to assist in accurate stacking and to stabilize the
stack. However, they are not physically clamped or fastened together in a stack. Carts with waste packages
that require off-loading by crane will be driven to the special rail-equipped emplacement rooms under manual
pendant control at a maximum speed of approximately 0.5 m/s and off-loaded using a gantry crane. Rigging and
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lifting practices will be as per approved OPG procedures.
References:
OPG. 2011a. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011b. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR-0053100160, February 14, 2013. (CEAA Registry Doc# 886)
TILEY. 2013. Stability of LLW and ILW Packages Transferred on Rail Carts. G.L. Tiley and Associates Ltd Calculation
3825-WP3-03-CAL-M001.

EIS 10-497

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Resubmission of IR EIS 07-290.
Provide an explanation for the steady increases of tritium detected in well WSH231 since 2002 and the increases of
tritium in well WSH243 since 2007.
Provide information regarding the radiological groundwater contamination in the existing Western Waste Management
Facility (WWMF) area and any influences it may have on the proposed DGR project area.
Context:
The original response to IR EIS 07-290 was not sufficient.
The reason for the increasing trends of tritium in WSH231 and at WSH243 was not addressed. The reasons for the
increasing trends for tritium must be understood in order to determine if the DGR site might similarly be affected.
OPG Response:
This response is provided in addition to information previously provided in OPG’s responses to Information Requests
EIS-01-01 (OPG 2012a), EIS-06-241 (OPG 2012b) and EIS-07-290 (OPG 2012c) regarding tritium in the Middle Sand
Aquifer (MSA) at the Western Waste Management Facility (WWMF) and the impact on the DGR. The WWMF is a CNSC
licensed facility under which groundwater is routinely monitored to assess the influence of WWMF operation on
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groundwater quality. The CNSC reviews the results of the groundwater monitoring program annually, including trends in
tritium concentrations. Changes in the groundwater monitoring program must be approved by the CNSC.
Regarding the up-trending of tritium at WSH231 and WSH243:
a) Groundwater tritium concentrations detected at WSH231 have not increased during the past three years.
Comprehensive investigations have been completed into the elevated tritium concentration found in the MSA at
the WWMF, as detected at WSH231. It has been determined that the source term for tritium in the MSA is the
waste stored in Low Level Storage Buildings (LLSBs) 1 through 10. The shallow recharge to the MSA within the
vicinity of these LLSBs is identified to be through their subsurface electrical distribution system. The results of
the investigations have been provided to the CNSC (OPG 2010 and OPG 2011). The most significant mitigating
measure taken to date is the intentional construction of LLSBs 11 through 14 at a location distant from the MSA.
b) Tritium concentrations in WSH243 have increased from about 5 Bq/l in 2001 to about 450 Bq/l in 2011 and 2012.
The tritium concentrations in WSH243 have stabilized since 2011 at approximately the tritium concentration in
rainfall and surface water at the WWMF Site. The increase in tritium concentrations at this well is attributed to a
loss of isolation between the paved surface and subsurface water at this location.
Information regarding groundwater contamination in the WWMF area and any influences it may have on the proposed
DGR Project Site is provided in OPG’s response to Information request EIS-01-01. Based on soil investigations, the
MSA has not been intersected at the DGR Project Site. There are currently no contamination plumes identified at the
WWMF other than the tritium plume in the MSA. Procedures and processes are in place to prevent and mitigate the
release of fluid contamination within the WWMF boundary to the sub-surface.
References:
OPG. 2010. OPG Letter, D. Jones to P. Jones, “Western Waste Management Facility – WSH231 Tritium Investigation”,
CD# W-CORR-00531-00593, December 21, 2010.
OPG. 2011. OPG Letter, L. Morton to R. Barker, “Western Waste Management Facility – WSH-231 – Further
information for Item #1 and #3”, CD# W-CORR-00531-00681, September 30, 2011.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
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OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Package #7 Information Requests”, CD# 00216-CORR-00531-00151,
December 20, 2012. (CEAA Registry Doc# 843)

EIS 10-498

 Section 10,
Existing
Environment

Information Request:
Provide the information below, as was originally requested by Environment Canada in an email to NWMO dated
November 16, 2012 (CEARIS #893):
a) Confirm whether the Ontario Ministry of Natural Resources (OMNR) has been informed regarding the possible
presence of Western Chorus Frog (SARA THR) in the Local Study Area or the DGR Project Area.
b) Confirm whether the OMNR has been informed regarding the possible presence of Eastern Milksnake (SARA
SC) to be present in the Local Study Area or the DGR Project Area. If milksnakes are present (or have potential
to be present), outline mitigation measures for this species.
c) Confirm whether OMNR has been informed regarding the possible presence of the Queen Snake at the DGR
site.
d) Provide the survey protocols for Whip-poor-will that have been “established by OMNR” (Attachment 2, IR# EIS01-15, p. 15, para. 1)
Context:
Follow-up to IR EIS 01-15.
a) Western Chorus Frog was recorded on the Bruce Nuclear Site in 2009 (Attachment 2, IR# EIS-01-15, p. 10,
para. 5).
b) OPG states ‘there is a possibility that eastern milksnake could be using the cultural habitat found on the DGR
Project site…”, but further states that milksnakes have not been found and that there are no adverse effects on
population(s) of Eastern Milksnake within the Local Study Area (Attachment 2, IR# EIS-01-15, p. 4, para. 4). If
milksnakes ‘could be using’ the site then they ‘could be’ present and there ‘could be’ adverse effects.
c) Confirming OMNR’s opinion with respect to the Queen Snake is important; while it may not be considered extant
in the COSEWIC status report assessment, a future recovery action might involve verifying species' presence at
historic sites (one of these being the Local Study Area).
d) This information was requested by Environment Canada.
Environment Canada noted that, for some SAR species, OPG indicated OMNR’s opinion as to whether or not the
species is present in the Local Study Area and/or the DGR Project Area. Environment Canada recommends that the
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same consideration be applied for the other SAR species.
OPG Response:
a) The Terrestrial Environment Technical Support Document (TSD) (GOLDER 2011, Section 5.7.1.3) reported that
western chorus frog (Pseudacris triseriata) was identified (aural) in the DGR Site Study Area during breeding
anuran call count surveys conducted in both 2007 and 2009, with one record within the Project Area
documented in 2007. In addition, the presence of western chorus frog in the DGR Project Area is discussed in
detail in OPG’s response to Information Request (IR) EIS-05-170 (OPG 2012a). The Local Study Area (LSA) is
located within the range of this species and includes habitat suitable for its important life cycle stages. These
documents are available within the public domain and OPG is aware that the MNR has reviewed the Terrestrial
Environment TSD (GOLDER 2011) however, OPG cannot confirm whether the Ministry of Natural Resources
(MNR) is aware of the presence of chorus frog in the LSA and Project Area.
The Great Lakes/St. Lawrence – Canadian Shield population of western chorus frog is listed as Threatened
(THR) in the federal Species at Risk Act (SARA) (COSEWIC 2008). It is identified as Not at Risk under the
Ontario Endangered Species Act (ESA), 2007, and is not regulated within Ontario. In general, the MNR focuses
its regulatory efforts on those species regulated under the provincial ESA.
b) The presence of eastern milksnake (Lampropeltis triangulum) within the Local Study Area was confirmed in the
Terrestrial Environment TSD (GOLDER 2011, Table 5.8.2-2). In addition, the Natural Heritage Information
Centre (NHIC 2013a) database, which includes MNR records for species identified in Ontario, also indicates the
presence of eastern milksnake within the Local Study Area (GOLDER 2011). Within the Site Study Area, a
single specimen was identified during field data collected for the Bruce Nuclear Power Bioinventory Study in an
old field meadow community unit located in proximity to the Bruce B generating station in May 2001 (LGL 2002,
Table 3.9 and Figure 3.5). Species specific surveys for milksnake were not completed as part of the field data
collection program for the DGR Project, as discussed in the supplementary information provided in OPG’s
response to IR-EIS-01-15 (OPG 2012b).
As this species is also included in the NHIC database for the LSA, the MNR is aware that this species is present.
Additionally, suitable habitat for this species is available within the Local Study Area and Project Area, and it can
be conservatively assumed that there is potential for this species to use habitats found within the Site Study Area
and Project Area.
The potential to adversely affect eastern milksnake is associated with the site preparation and construction
phase of the DGR Project. The Environmental Management Plan for the construction phase of the DGR Project
specifies that “All employees, subcontractors, equipment and vehicles will not harm any species at risk and
valued wildlife or their habitat and ensure vegetation loss is minimized”, and provides direction to achieve this
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objective (NWMO 2012, Section 2.5). The potential for herpetofaunal species at risk to occur within the Project
Area is identified in Section 4.9 of the plan, and fauna management is discussed in Section 14.5 (NWMO 2012).
Species-specific mitigation measures will be developed on an as-needed basis with input from MNR Species at
Risk biologists. Mitigation measures are likely to be focused around avoidance of the species during important
life cycle periods.
c) Queensnake is currently listed as Threatened under the Ontario Endangered Species Act (ESA), 2007, and
Endangered under the federal Species at Risk Act (COSEWIC 2010). This species has very specialized habitat
requirements based on its almost exclusive diet of aquatic species of crayfish. Therefore, its habitat is highly
aquatic, rarely leaving the shoreline of permanent bodies of water with abundant shoreline cover (primarily flat
rocks), and a healthy population of crayfish. Queensnake are fairly intolerant of silty substrates.
Potential aquatic habitat features in the Site Study Area and Project Area are relatively unsuitable for
queensnake because they are characterized by silty substrates, lack of primary food source and cover, and
intermittent dry conditions. As a result, habitat opportunities in the Project Area and Site Study Area would be
considered marginal for this species. The MNR did not raise this species as a concern during discussions
(June 11, 2012) focused on the potential for Species at Risk (SAR) to occur within the Site Study Area or Project
Area.
This species has not been reported within close proximity to the Site Study Area or Project Area since 1969
(Natural Heritage Information Centre (NHIC 2013b) Record: 17MK51_60, Element_SU 180776; EO_ID 13772;
1969) when it was identified within the Baie du Doré Provincially Significant Wetland Complex. It is unlikely that
this population within Baie du Doré is existing due to the historical nature of the record. If this species were still
to be found in the Baie du Doré, it is unlikely that its dispersal would extend beyond the shore of Lake Huron, into
the DGR Project Area. Additional information may be available from the MNR through a special data request;
however, SAR reptile records are no longer readily accessible to the general public through the MNR (NHIC)
database to protect the species from harvesting.
d) Surveys for Whip-poor-will are conducted using guidelines provided to Golder from Pamela D. Hunt, Ph. D.,
Conservation Department, New Hampshire Audubon (2008). Through communications via telephone and email,
the Ministry of Natural Resources has indicated that, in the absence of an Ontario-specific protocol, they support
the use of this protocol and have started to build on it to establish a protocol for Ontario. Close consultation with
the local MNR SAR biologist will take place at the onset of the survey program to ensure that field biologists are
following the most current generally accepted protocol suitable for both the site and project.
Data is collected by two field survey personnel at night, during the full moon phase (in the breeding bird season)
for optimal calling of the birds. Multiple surveys should be conducted at each location during the breeding
period, ideally a month apart to coincide with the full moon phase. Surveys are completed starting at sunset for
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10 minutes at each survey point (spaced approximately 250 m apart on transects or readily accessible trails or
roads). Birds identified during the survey period can be triangulated using the global positioning system (GPS)
waypoints documented by each field surveyor. Data collected by each surveyor should include the time, location
(waypoint) and direction (bearing) of the calls. This data is then mapped in office to pinpoint each bird location.
The protocol provided by Pamela D. Hunt and the data sheet are enclosed with this response for reference.
Project examples are available that demonstrate consistent direction from the MNR on this approach cited
directly from the New Hampshire Audubon (2008).
References:
COSEWIC. 2008. COSEWIC assessment and update status report on the Western Chorus Frog Pseudacris triseriata
Carolinian population and Great Lakes/St. Lawrence – Canadian Shield population in Canada. Committee on the Status
of Endangered Wildlife in Canada. Ottawa, Canada. (available at
http://www.sararegistry.gc.ca/document/default_e.cfm?documentID=1652)
COSEWIC. 2010. COSEWIC assessment and status report on the Queensnake Regina septemvittata in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa, Canada.
(http://www.sararegistry.gc.ca/document/default_e.cfm?documentID=2043 )
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
LGL. 2002. Bruce Nuclear Power Development Bioinventory Study - Final Report. LGL Ltd Project No. TA2522.
New Hampshire Audubon. 2008. New Hampshire Audubon Instructions for Conducting Whip-poor-will Triangulation
Surveys. (Revised 20-April-2011).
NHIC (National Heritage Information Centre). 2013a. Species Report for Lampropeltis triangulum (Milksnake) (available
at: https://www.biodiversityexplorer.mnr.gov.on.ca/nhicWEB/speciesDetailReport.do?elID=180770)
NHIC (National Heritage Information Centre). 2013b. Species Report for Regina septemvittata (Queensnake).
(available at https://www.biodiversityexplorer.mnr.gov.on.ca/nhicWEB/speciesDetailReport.do?elID=180776)
NWMO. 2012. DGR Project Environmental Management Plan. Nuclear Waste Management Organization document
DGR-PLAN-07002-1001-R000. Toronto, Canada.
OPG. 2012a. OPG Letter, A. Sweetnam to S.Swanson, “Deep Geologic Repository Project for Low and Intermediate
Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-00531-00145,
October 24, 2012. (CEAA Registry Doc# 776)
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OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216-CORR-0053100126, August 9, 2012. (CEAA Registry Doc# 683)

EIS 10-499

 Section 11.5.6,
Human Health

Information Request:
Provide the rationale for excluding emissions of arsenic and mercury from consideration the assessment of country
foods.
Context:
Regarding Country Foods, in the EIS it is stated that “The calculated hazard quotients/incremental lifetime cancer risks
(HQs/ILCRs) discussed above are totals from all pathways (i.e., they consider ingestion of chemicals emitted by the
DGR Project via home-grown vegetables). The ingestion rates considered in calculations are provided in Appendix C.
Exposure from consumption of fish and wild game is not included because changes in concentrations target compounds
in fish and game from the DGR Project would not be measurable (as discussed in the Aquatic Environment and
Terrestrial Environment TSDs).” (Section 7.11.1.1, page 7-198)
The response to IR EIS 04-138 lists five metals that were considered in air emissions: aluminum, cadmium, chromium,
lead and zinc. Appendix J to the Atmospheric Environment TSD does not present predicted arsenic and mercury
concentrations in air emissions. The response to IR EIS 04-147 notes that mercury would be a constituent of incinerator
ash to be placed in the DGR. Arsenic is not mentioned in the response. The response to IR EIS 04-135 regarding
consequences of fire or explosion acknowledges that “…mercury and selenium are potentially present as volatile species
and are not removed by filtration.” Arsenic is not mentioned in the response. These responses raise questions regarding
whether mercury emissions from normal operations (exhaust vent emissions) as well as accident/malfunction emissions
(fire, explosion) should have been modelled explicitly for use in the human health assessment; in particular, the
assessment of country foods. The absence of any mention of arsenic also requires further explanation.
OPG Response:
The potential sources and associated implications of As and Hg from normal operations, from accidents and
malfunctions during normal operations, and during the postclosure phase are given below:
Normal operations - Although the wastes do contain low levels of As and Hg, as identified by waste type in the
Reference Inventory report (Table 2.8 of OPG 2010), offgassing of these elements from the wastes under normal
operations (room temperature, closed but not sealed containers) is not significant.
Accidents during operations - The consequences of accidents affecting waste packages were assessed in the
Preliminary Safety Report (PSR) (OPG 2011, Section 7.5). The impacts assessed included airborne release of non-
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radioactive species during breach or fire accidents. The assessment included the elements identified as present in
the wastes as documented in the Reference Inventory Report (OPG 2010) and summarized in the PSR (OPG 2011,
Section 5.11). Both As and Hg were specifically assessed (OPG 2011, Section 7.5.2), and were determined to be
present at levels much less than criteria for both worker and public risk (OPG 2011, Tables 7-39 and 7-40).
Postclosure - The potential long-term impacts of the DGR after closure were assessed through evaluation of a range
of scenarios. These ranged from likely scenarios - the Normal Evolution Scenario - to unlikely or ‘what if’ scenarios e.g. inadvertent human intrusion. These assessments included the potential impact from non-radiological species in
the wastes emplaced in the DGR. For postclosure impacts, the pathway would be through groundwater transport to
surface. Both As and Hg were specifically assessed (OPG 2011, Section 8.1.4 and Section 8.9.4; QUINTESSA
2011, Table 6.1) and their concentrations were found to be well below the environmental quality standards in well
water, surface water, irrigated soil, and sediment for the Normal Evolution Scenario (QUINTESSA 2011, Table 6.1),
and for the unlikely or ‘what if’ scenarios (QUINTESSA and SENES 2011, Tables 2.5, 3.6, 4.4, and 5.4).
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003 R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA. 2011. Postclosure Safety Assessment: Analysis of the Normal Evolution Scenario. Quintessa Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-26 R000. Toronto, Canada. (CEAA Registry
Doc# 637)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
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 Section 11.4.8,
Noise and
Vibration

Information Request and Response

Information Request:
Explain how the schedule for the site preparation and construction phases will be affected by OPG’s commitment to
comply with the Municipality of Kincardine Noise By-Law #2008-076.
Context:
OPG states in the EIS that it intended to engage in construction of the surface and underground DGR facilities 24 hours
per day, 7 days per week, 365 days per year for the these phases of the project. The Municipality of Kincardine’s Noise
By-Law # 2008-076 places limitations on the hours of operation of any equipment in connection with construction.
OPG Response:
The Municipality of Kincardine Noise By-Law #2008-076 (KINCARDINE 2008) does not limit the operation of equipment
in connection to construction, but rather prohibits the level of construction-related noise within a defined area and at
defined times. Section 3 of the By-law states:
“No person shall emit or cause or permit the emission of sound resulting from any act listed in Schedule B –
Prohibitions by Time and Place, if clearly audible at a point of reception located in an area of the municipality
with a prohibited time shown for such as area.”
The part of Schedule B of the By-Law that applies to pertinent parts of the area surrounding the Bruce nuclear site (i.e.,
residential area) indicates that the prohibited period of time for noise created from the operation of any equipment in
connection with construction is all day Sunday and from 9:00pm to 7:00am Monday to Saturday.
“Clearly audible” is used to describe noise that is easily heard and identifiable by most individuals within the context of
the existing environment and would not require significant effort to establish what is causing the noise and where it is
coming from.
OPG will adhere to all applicable law which includes this municipal by-law. As detailed in OPG’s response to Information
Request (IR) EIS-09-454 (OPG 2013), conservative modelling predicted adverse noise effects (i.e., >3 dB change to
existing quietest hour) at one residential location in the Baie du Doré area, without the benefit of additional mitigating
efforts. Although predicted to be an adverse effect, it is anticipated that the noise levels associated with the site
preparation and construction and decommissioning phases of the DGR Project at this location will not be clearly audible.
Also, Section 7.10.1.12 of the Environmental Impact Statement (OPG 2011) states that small barely perceptible changes
in noise levels (i.e., up to 2 dB) are predicted at Inverhuron Provincial Park. “Barely perceptible” refers to noise that is
not easily heard or identifiable by most individuals within the context of the existing environment and would require focus
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from an individual to establish what is causing the noise and where it is coming from.
The large majority of construction is the development of the shafts and underground repository. Blasting associated with
these activities, which are planned to occur 24/7 over several years, will have little or no effect on surface noise once the
shafts have been excavated beyond a certain level. Where a potential effect is predicted (i.e. near-surface blasting),
commitments have been made which are consistent with the By-law. Specifically, OPG response to IR EIS-09-454
states:
“Near-surface blasting during only daylight hours – The Project will use best practices for blasting and has
already made a commitment to day-time blasting for near surface use. However, this represents a limited
amount of blasting as the first 10 to 15 m of the shafts will be opened mechanically (i.e., without explosives). The
next 15 to 20 m will be developed using explosives only during daytime hours. Once shaft development is
beyond this point, and the headframe is in place, noise effects at off-site receptors due to shaft sinking are not
anticipated.”
In order to adhere to the municipal noise By-law, OPG would also avoid near-surface blasting on Sundays, if this was
found to create ‘clearly audible’ noise in nearby residential areas.
Surface noise will be generated by the processes and equipment associated with handling excavated rock at surface.
Given the conservative nature of the noise modelling of these and other surface activities, the existing commitments and
planned monitoring activities, the project is expected to comply with Kincardine By-Law #2008-076 without further
mitigation. However, the potential mitigation measures detailed in OPG’s response to IR EIS-09-454 could be
implemented to negate this effect if monitoring shows such an effect exists.
As such, it is not anticipated that there will be a need to alter the project scheduling assumptions currently made.
References:
KINCARDINE. 2008. Being a By-Law to Control Noise within the Municipality of Kincardine. (available at
http://www.kincardine.net/public_docs/bylaws/08%20076%20Noise%20Control.pdf)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry
Doc# 298)
OPG. 2013. OPG Letter, A. Webster to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the Second Sub-set of Package #9 Information Requests”, CD# 00216-CORR00531-00180, April 15, 2013. (CEAA Registry Doc# 957)
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Information Request:
Provide:
a) operational details for over-packing of failed or failing waste containers prior to transport and placement into the
repository;
b) the time period during which deposited waste containers would be retrievable from the DGR; and
c) contingency measures that would be taken to permit handling and/or retrieval of waste packages that may suffer
lack of integrity during the operational phase of the DGR.
Context:
Waste containers are expected to maintain their integrity to the degree necessary to facilitate easy retrieval (if required)
for a decade or more after emplacement in the DGR. In some cases, the containers will provide effective containment for
longer periods.
The wastes are considered to be always retrievable, however, it is recognized that the ease of retrievability of waste
containers will diminish with time.
OPG Response:
The responses to the three parts of this Information Request are provided below:
a) Prior to transfer and placement of a waste container into the repository, the exterior surfaces of the waste
container will be visually inspected per the Deep Geologic Repository (DGR) Waste Acceptance Criteria (WAC).
In the event that a container is found not to be in good condition or does not otherwise meet the DGR WAC, the
waste container will be repaired, if practical, repackaged or placed into an approved engineered waste
overpack. Lifting points (e.g. fork lift pockets) on the container will be inspected, as required per OPG Nuclear
(OPG-N) lifting and rigging procedures and OPG-N radiation protection procedures will be followed. Before
beginning the overpacking of a container, a pre-job briefing will be conducted with workers, critical tasks,
hazards and mitigation measures will be discussed and reviewed, and back-out conditions will be identified. In
addition to using a normal waste container handling procedure, a special handling procedure would be prepared,
if it was deemed necessary during the work planning process.
It should be noted that OPG has successfully carried out over-packing campaigns in the past (e.g. resin liner
over-packing, over-packing of some LLW bins, retrieval and repackaging of OPG’s Radioactive Waste
Operations Site #1 wastes).
b) OPG’s response to Information Request (IR) EIS-04-122 (OPG 2012) states that “Although waste containers are
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not credited with any function in the postclosure safety assessment, they are expected to maintain their integrity
to the degree necessary to facilitate easy retrieval (if required) for a decade or more after emplacement in the
DGR. In some case, the containers will provide effective containment for longer periods. This is especially true
for the containers used for higher activity wastes, such as Intermediate Level Waste retube waste containers,
which are of robust stainless steel and concrete construction with a fifty-year design life.”
At the assumed date of closure of the DGR (i.e., 2062) the robust retube waste containers will have 62% of the
remaining activity in the DGR (derived from data in OPG 2010). Operational LLW, typically contained in thinnerwalled metal containers, will only have 5% of the repository activity. The remaining activity will be primarily in
operational ILW (e.g., ion-exchange resins, filters) housed in various other types of robust steel and/or concrete
containers. Retube waste containers and other types of robust containers would be expected to be easily
retrievable throughout the expected operational life of the DGR.
A number of other previously-submitted responses to IRs address questions related to waste containers.
EIS-04-122 (OPG 2012): Discusses the DGR waste acceptance criteria as they relate to the condition of
containers. It also clarifies the purpose of waste containers and their consideration in preclosure and
postclosure safety assessments, and discusses issues associated with retrievability.
EIS-04-152 (OPG 2012): Discusses the integrity of containers under repository conditions.
EIS-08-343: (OPG 2013a): Discusses quality assurance practices as they relate to containers during the
procurement process, as well as aging management at OPG’s Western Waste Management Facility (WWMF).
EIS-09-474 (OPG 2013b): Clarifies the role of waste containers in the DGR and discusses how containers will be
inspected, and overpacked if necessary, prior to being transferred to the DGR. Provides a lengthy description of
various types of containers and their lifecycle.
EIS-10-488 (OPG 2013c): Discusses possible forms of waste container degradation over time and possible
methods of container testing and inspection.
c) During the operational phase of the DGR, waste containers are required to safely transfer the wastes from the
WWMF to the DGR. Any lack of container integrity required to safely transfer waste containers from the low-level
storage buildings (or other interim storage structure) at the WWMF would be addressed at the WWMF prior to
transfer to the waste package receiving building at the DGR. This could involve repair of a waste container or
overpacking of the waste container. Since the integrity of the container is verified and ensured prior to any
movement of the container, there is low likelihood of loss of containment in transit. In the unlikely case of a
container drop in transit where contents may be released, then Radiation Protection Procedures would be
followed in order to manage and contain any contamination and to recover contents.
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Operating Procedures would be developed for the transfer of waste containers from the WWMF to the waste
package receiving building at the DGR and then to the DGR emplacement rooms (e.g., while in shaft cage, while
being transferred by forklift to an emplacement room). These procedures would include directions on how to
respond to incidents involving waste containers in transit leading to spillage of waste. They would be similar to
those now in force at the WWMF but would take into consideration the unique environment of the DGR
underground.
Once a waste container has been safely put into an emplacement room it is not expected that there would be
any need for retrieval. However, the Preliminary Safety Report (OPG 2011, Section 6.6) provides a conceptual
description of how waste packages could be retrieved prior to the construction of an access tunnel closure wall.
References:
OPG. 2010. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Reference Low and
Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power Generation report 00216-REP03902-00003. Toronto, Canada. (CEAA Registry Doc # 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)
OPG. 2013a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR-0053100160, February 14, 2013. (CEAA Registry Doc# 886)
OPG. 2013b. OPG Letter, L. Swami to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #9 Information Requests”, CD# 00216-CORR-0053100178, March 28, 2013. (CEAA Registry Doc# 949)
OPG. 2013c. OPG Letter, L. Swami to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #10 Information Requests”, CD# 00216-CORR00531-00185, April 30, 2013. (CEAA Registry Doc# 990)
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Information Request:
Discuss the relationship between fuel damage that develops coincident with reactor aging and the formation of fuel
fragments. Describe the potential effects of reactor aging on certain categories of intermediate level waste that may be
affected by such fragments.
Describe the methods to be used to ensure detection of such fragments within the waste.
Context:
The response by OPG to EIS IR 06-260 states that: “A “recognizable fuel fragment” is a visually recognizable piece of
fuel, such as a pellet, fuel element, partial fuel bundle, etc. Such wastes are not routinely produced at OPG or Bruce
Power. They are the result of rare discreet incidents involving severe physical damage to a fuel bundle. The potential for
such wastes would be known in advance as any fuel damage incident is closely investigated. The waste would be
subject to special handling at the station during the recovery process due to the very high dose rates associated with
them and the need for fissile material accounting and control. Fuel fragments would be canned and stored in the fuel
bays at the stations as “failed fuel”. The exclusion in the WWMF WAC and the DGR WAC is to provide added assurance
that waste generators do not mix these fuel fragment wastes with L&ILW.”
OPG Response:
Fuel damage can be of three types:
a. Damage caused by impingement of foreign particles in the heat transport system of reactors with fuel elements,
b. Damage that occurs while fuel is in reactor, or in fueling machine, due to abnormal mechanical stresses put on a
fuel bundle during the on-line refueling process, or
c. Damage that occurs while used fuel is being transferred into the reactor’s irradiated fuel bay, or during transfer
within the bay.
OPG’s operating experience suggests that reactor aging does not lead to increased occurrences of damaged fuel
assemblies. In fact, as the reactors have aged, the occurrence of damaged fuel has declined. Although rare, the
primary cause of fuel damage is due to fretting (or chaffing) resulting from foreign material trapped in or around a fuel
bundle assembly. With improvements in control and elimination of foreign material in the primary heat transport cooling
system, this cause of damage has reduced with reactor age. This type of fuel damage could lead to localized fuel
cladding failure resulting in the release of fission products into the primary heat transport system and is detectable.
However, it would not likely lead to the creation of ‘recognizable fuel fragments’. The released products are not generally
visible, are of low solubility, and generally plate-out (deposit) in the feeder piping or the steam generators and may be
removed in the filters or ion exchange columns used in the cleanup of the primary heat transport system cooling water.
Removal of such products is the normal function of the cleanup system and these wastes are included in the DGR
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inventory.
Further, it should be noted that fuel assemblies are only resident in the reactor for an average of about 18 months, and
are then replaced with new fuel bundles, hence the fuel in reactor is always relatively new.
In the event that a small particle of fuel would be released by any form of in-reactor fuel damage, it would most likely be
captured in the heat transport system filters or ion exchange columns (note: the used filters and ion-exchange resin are
considered intermediate level waste). A small particle captured in this manner would not be considered to be a
‘recognizable fuel fragment’. In the unlikely event that a larger piece of fuel constituting a ‘recognizable fuel fragment’ is
contained in resin or filter media, as evidenced by its significant dose rate, OPG would seek to separate the fragment
from the resin or filter and store and dispose of it as used fuel waste.
If used fuel was damaged outside the reactor during fuel handling operations, it would be identified at the time of incident
and any ‘recognizable fuel fragments’ produced as a result of the incident would be isolated and stored in the station’s
irradiated fuel bay for future disposal with used fuel waste.
The Waste Acceptance Criteria used at OPG’s Western Waste Management Facility (WWMF) includes the prohibition of
‘recognizable fuel fragments’ in the waste sent from the nuclear stations to provide direction to station personnel that fuel
fragment waste is not to be sent to the WWMF. In addition to this direction, WWMF personnel verify the actual dose
rates of waste containers received at the WWMF against the shipping paperwork to ensure each shipment conforms to
the WAC. ‘Recognizable fuel fragments’ are characterized by dose rates which are significantly higher than normal
wastes and are thus easily detectable by this method.

EIS 11-503

 Section 13, LongTerm Safety of
the DGR

Information Request:
Describe the ‘considerable international experience’ of other DGR projects sufficiently to establish how the successes
and failures of other DGR-type projects can substantiate planned DGR activities and assist in mitigating performance
uncertainties.
Elaborate on the successes and failures of international DGR efforts to date in order to provide relevant substantive
examples of where learning-by-doing has taken place, and explain how the extent of remaining uncertainties has been
respected.
Context:
EIS 08-366 required that OPG “Describe the ‘considerable international experience’ of other DGR projects sufficiently to
establish how the success and failure of other DGR-type projects can inform the proposed DGR.”
The response provided by OPG highlighted that each approach to nuclear waste storage is unique and that there does
exist international experience for DGR operations. However, there does not appear to be enough international
experience to determine what designs are truly successful, particularly over the long-term.
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OPG Response:
There are a limited number of international geologic repositories in operation or construction. These are outlined in
OPG’s response to Information Request (IR) EIS-09-410 (OPG 2013a) which provides information on each of the
repository projects regarding description, location, status, host rock, depth, size, development technique, waste type,
waste treatment, key design features, key safety features, water management, backfill, and community engagement and
acceptance. A number of these projects; two in Finland, one in Sweden and one in the USA have been operating
successfully for many years. Another, Asse II in Germany, in which drums of low and intermediate level waste were
placed in a former salt and potash mine in the 1960s and 1970s, has been experiencing inflows of water (brine) since the
late 1980s and is under decommissioning by the German government.
OPG’s response to IR EIS-08-366 (OPG 2013b) lists insights gained from international low and intermediate level waste
repository projects that have been incorporated or considered in the DGR project. In response to this IR, additional
information is provided below on the known aspects of these repositories that might be categorized as ‘successes or
failures’.
Repository Project

‘Successful’ Aspect that can
Inform the DGR Project

‘Failure’ Aspect that can Inform the
DGR Project

Loviisa Repository (in
operation since 1998,
Finland)

Repository was sited with local and
regional support.
Locating repository on reactor site
minimizes waste transportation.

None known

Olkiluoto Repository (in
operation since 1992,
Finland)

Repository was sited with local and
regional support.
Locating repository on reactor site
minimizes waste transportation.

None known

SFR Repository (in
operation since 1988,
Sweden)

Repository was sited with local and
regional support.
Locating repository near one
reactor site minimizes waste
transportation from those reactors.

Emplacement of waste in the SFR
repository was suspended for a
period of time due to the fact that the
safety case which supported its
operating licence became out of date
with respect to actual emplaced waste
inventories.
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WIPP repository (in
operation since 1999,
USA)

Repository was sited with local and
regional support.
Aspects of the WIPP room closure
plug and shaft seal design were
incorporated into the DGR design.
Use of shafts equipped with a
Koepe hoisting system for waste
package transport. (Incorporated in
OPG’s DGR)

Asse II Repository
(received waste from
1967 to 1978, now in
decommissioning,
Germany)

Konrad Repository (in
construction, scheduled
for operation in 2019,
Germany)

Lengthy certification process due to,
at the time, lack of state support.

A repository should not be located in
a complex geological setting where
shifting of ground (in their case salt)
can lead to large and continuous
water inflows that need to be
managed.
Challenges involved in using an
existing mine, rather than a built-forpurpose repository.
The importance to the safety case
of having an extensive lowpermeability cap rock overlying a
repository.
Konrad design features related to
safely moving waste packages into
and off of the shaft conveyance
were incorporated into the DGR
design.
Use of shafts for waste package
transport.

Lengthy licensing process due to lack
of public support.

More generally, each of these facilities provides useful information with respect to the rationale for design decisions, and
with respect to the development of the safety case. This rationale and supporting data provides information to check or
inform the comparable design decisions and safety case approach adopted in the OPG DGR.
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This IR also asks for a response to “explain how the extent of remaining uncertainties has been respected”. It should be
noted in this regard that with the exception of the Asse II repository listed above, all of the other repositories are licensed
for operation under the current licensing processes of the individual countries. Any ‘uncertainties’ that might exist with
respect to these repositories would necessarily have been deemed not sufficiently significant to prevent their current or
future operation. One area of future uncertainty that applies to most if not all repository projects is the final design and
construction method of shaft seals. Optimization of these aspects will undoubtedly occur over the coming decades with
opportunities for sharing of new information and lessons learned. The main approach with respect to uncertainty in
safety assessment is to make conservative assumptions and conduct sensitivity studies to demonstrate that any lack of
certainty surrounding a particular parameter is shown to be insignificant to the overall repository safety case.
References:
OPG. 2013a. OPG Letter, L. Swami to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #9 Information Requests”, CD# 00216-CORR-0053100178, March 28, 2013. (CEAA Registry Doc# 949)
OPG. 2013b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR-0053100160, February 14, 2013. (CEAA Registry Doc# 886)

EIS 11-504

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a clear, concise and stand-alone definition of low, intermediate and high level waste.
With respect to refurbishment waste, what is the proportion of low, intermediate and high level waste?
How will refurbishment waste that is considered high-level be managed?
Context:
Despite the information provided in the EIS Summary, EIS and additional information from OPG, there is still confusion
on how waste is categorized.
OPG Response:
CSA Standard N292.3-08 (CSA 2008) provides definitions of low-level waste, intermediate-level waste and high-level
waste as follows:
a. “Low-level radioactive waste (LLW) contains material with radionuclide content above established clearance
levels and exemption quantities, but generally has limited amounts of long-lived activity. LLW requires isolation
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and containment for periods of up to a few hundred years. LLW does not generally require significant shielding
during handling and interim storage.”
b. “Intermediate-level radioactive waste (ILW) typically exhibits levels of penetrating radiation sufficient to require
shielding during handling and interim storage. ILW generally requires little or no heat dissipation during its
handling, transportation, and long-term management. However, because of its total radioactivity level, ILW
might require consideration of the implications of short-term heat generation. Because of its long-lived
radionuclides, ILW generally requires a higher level of containment and isolation than can be provided in nearsurface repositories.”
c.

“High-level radioactive waste (HLW) is used (i.e., irradiated) nuclear fuel that has been declared as radioactive
waste and/or is waste that generates significant heat (typically more than 2 kW/m3) via radioactive decay. Used
nuclear fuel is associated with penetrating radiation; thus, shielding is required. Used nuclear fuel also contains
significant quantities of long-lived radionuclides, necessitating long-term isolation. Waste forms derived from
used nuclear fuel (e.g., nuclear fuel reprocessing wastes) can also exhibit similar characteristics and thus are
considered HLW. Placement in deep, stable geological formations is recommended for the long-term
management of HLW.”

OPG considers that all its radioactive waste that is not used fuel is LLW or ILW. OPG considers waste as LLW if the
corresponding waste package has a dose rate of less than 10 mSv/h at 30 cm, and as ILW if the dose rate is greater
than or equal to 10 mSv/h at 30 cm, or known to have a significant amount of long-lived radionuclides. The main
purpose of distinguishing LLW from ILW at OPG’s Western Waste Management Facility is to facilitate appropriate waste
handling (from a worker dose perspective) and for putting the waste in an appropriate interim storage structure.
Radioactive waste generated during the refurbishment of nuclear generating stations can be either LLW or ILW.
Refurbishment waste is a term used to distinguish the unique waste streams that can be generated during the
refurbishment process. These are retube wastes (i.e., pressure tubes, end fittings, calandria tubes and calandria tube
inserts) and steam generators. OPG (2010, Table 3.1) presents a breakdown of assumed refurbishment wastes into
these individual components, where retube wastes are considered ILW and steam generator wastes are considered
3
LLW. From Table 3.1 it can be calculated that 61% of the planned emplaced volume of 21,685 m of refurbishment
waste is ILW and 39% is LLW. HLW (i.e., used nuclear fuel) is not a component of refurbishment waste.
Refurbishment waste that is ILW (i.e., retube waste) is sized-reduced, as required, during the reactor retubing process
and placed into robust steel and concrete containers to provide the required shielding. These robust waste packages
are placed into interim storage and will be transferred to the DGR once it is in-service.
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References:
CSA. 2008. Management of Low- and Intermediate-level Waste. Canadian Standards Association. N292.3-08.
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
EIS 11-505

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a list of all radionuclides that are known to be present in high-level radioactive waste (i.e., used fuel) that will not
be found in the low-level and intermediate-level wastes to be placed in the DGR. This list is to consider ion-exchange
resins, refurbishment wastes and potential decommissioning wastes.
Context:
A clear understanding of the difference between low and intermediate-level waste and high-level waste will provide
information required to evaluate the comparative nature of the waste to be placed in the DGR relative to high-level
waste.
OPG Response:
The low and intermediate level wastes (L&ILW) to be placed in the DGR are operational and refurbishment wastes, as
described in the Reference Inventory report (OPG 2010). A small fraction of the radioactivity in these wastes is due to
release of radionuclides from fuel in reactor through cladding defects and the retention of these radionuclides on reactor
heat transport system cleanup systems (i.e., on filters and ion-exchange resins), so theoretically, any radionuclide
present in used fuel could be found in the L&ILW. In practice, many of the used fuel radionuclides are not present in
significant amounts in the L&ILW. This is confirmed by measurements of L&ILW, as well as by screening analyses.
On the latter point, it may be noted that as part of the OPG DGR safety assessment, the potentially important
radionuclides were identified by a formal screening process. In this screening, all radionuclides with half-lives longer
than one day were assumed to be present in the DGR. The inventory was based on measured values where available,
or else at levels consistent with the measured DGR uranium content and the ratio of these radionuclide inventories
relative to uranium in CANDU used fuel. This therefore considered all used fuel radionuclides, including those that were
potentially present but at levels below normal measurement detection limits. The potential consequences from release
of these radionuclides to the biosphere were evaluated under simple, conservative scenarios, and the resulting
potentially important radionuclides identified. All radionuclides identified as potentially important by this screening
evaluation are included in the DGR reference inventory. This screening is documented in QUINTESSA and GEOFIRMA
(2011, Appendix A).
To illustrate the different radionuclide makeup of OPG’s L&ILW compared to used CANDU fuel, Table 1 provides a
comparison of those radionuclides that contribute 99% of the total radioactivity at specific time periods. It is clear that the
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radionuclide composition of L&ILW is significantly different from that of used fuel.
Table 1. Radionuclides that Contribute 99% of Total Radioactivity (Bq) in OPG L&ILW and in Used CANDU Fuel
(220 MWh/kgU burnup), Listed in Order of Abundance
OPG L&ILW
At 2062
C-14
Nb-94
Ni-63
H-3
Co-60
Zr-93
Sn-121m
Cs-137
Ba-137m
Fe-55

OPG L&ILW
After 100,000 years
Zr-93
Nb-93m
Nb-94
Ni-59

CANDU Used Fuel
30-years After Discharge
Cs-137
Ba-137m
Sr-90
Y-90
Pu-241
Am-241
Kr-85
Pu-240
Pu-239

CANDU Used Fuel
After 100,000 years
Pu-239/U-235 chain *
Pu-242/U-238 chain *
Tc-99
Np-237 chain *
Zr-93
Nb-93m
U-236
Sb-126m
Sn-126
Cs-135
Pd-107

* Daughter nuclides in chain are not listed explicitly.

References:
OPG. 2010. Reference Low and Intermediate level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma Engineering
Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000. Toronto, Canada. (available
at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
EIS 11-506

 Section 11.5.6,
Human Health

Information Request:
Explain how cohorts within the local and regional study area that may have high sensitivity or susceptibility to emissions
from the DGR Project, particularly with respect to air emissions during site preparation and construction, were explicitly
considered in the human health assessment. These cohorts may include the elderly, or people with chronic conditions.
Provide information regarding the health effects of anxiety caused by concern about the DGR project and OPG’s plans
for mitigation of these concerns. Provide specific information regarding how sensitive cohorts within the local and
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regional study area will be engaged with respect to anxiety-related health effects and the mitigation of these effects.
Context:
Greater clarity is required with respect to how the human health assessment considered cohorts with higher sensitivity to
project-related emissions such as particulates, as well as noise and vibration.
Anxiety has definite effects on health. More information regarding mitigation of anxiety caused by the DGR project is
required.
OPG Response:
The health-based thresholds used in conducting the health assessment are developed by credible regulatory agencies
including Health Canada, United States Environmental Protection Agency and World Health Organization. In developing
health-based thresholds, the regulatory agencies consider sensitive individuals and sub-sets (cohorts) of the populations
such as children, the elderly and those with pre-disposed health outcomes (e.g., asthmatics).
In the health assessment, consideration was given to the specific life stages identified by Health Canada (OPG 2011,
Appendix C, Attachment 1, Section 4.3) and included infant, toddler, child, adolescent and adult. Each of these age
groups were identified as having different exposure characteristics, such as inhalation rates, body weights, consumption
habits and proportion of time spent in the area. Sensitive individuals within the population will fall within one of the
Health Canada cohorts identified.
The health assessment evaluated the potential exposure and associated health risk for each of the life stages identified
by Health Canada, for all of the compounds expected to be emitted from the Project, and at those receptor locations that
are closest to the project and likely to have the highest concentrations.
The health assessment incorporated the exposure characteristics (which are based on Health Canada age groups), the
maximum air quality predictions for all of the compounds emitted during the site preparation and construction, and the
operation phases of the project, and the thresholds (which are based on consideration of sensitive individuals) to assess
each of the receptor locations considered (which represent the closest points of exposure to the DGR Project). In
addition, the assessment took into consideration the existing phase, which represents the activities currently occurring at
the Bruce nuclear site. The results of the assessment showed that there were no health outcomes identified as a result
of emissions of particulates, including maximum particulate concentrations during the site preparation and construction
phase.
The noise assessment presented in the Environmental Impact Statement (EIS) (OPG 2011) and the Atmospheric
Environment Technical Support Document (TSD) (GOLDER 2011) was based on human responses to noise.
Specifically, noise levels were presented as “A-weighted” decibels (dBA). The noise assessment completed for the DGR
Project determined that adverse noise effects would be restricted to the site preparation and construction phase. The
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noise effects were predicted to occur only in areas immediately adjacent to the Bruce nuclear site, specifically at a total
of four residences located in the vicinity of R2 – Baie du Doré. Noise effects would only extend a short distance into the
Local Study Area (LSA), were not predicted beyond the LSA, and no people in the Regional Study Area (RSA) would be
affected by noise. In addition, noise effects at the four residences in the vicinity of the R2 were predicted to occur just
24% of the time, and were restricted primarily to night-time hours. No adverse noise effects were predicted to occur
during the operations phase and adverse effects similar to those during site preparation and construction may occur
during the decommissioning phase.
In looking at how noise could affect human health, indicators developed by Health Canada were used. In accordance
with Health Canada, the following two measures were included: the percentage of the exposed population that could be
“highly annoyed” by increased noise levels by projects (%HA) and the specific impact, or impulse noise, indicator (HCII).
Health Canada considers a change in the %HA of 6.5% and an HCII in excess of 75 dBA to have the potential for
adverse effects on human health. The health assessment indicated that there were no effects on human health as a
result of noise (OPG 2011, Appendix C, Section C2.3.2).
The EIS provided an evaluation of vibration effects, which was further expanded in OPG’s response to Information
Request EIS-06-257 (OPG 2012). In summary, noticeable effects from vibrations during the site preparation and
construction phase are not expected to extend beyond the Bruce nuclear site. There will be no effects on human health
for members of the public.
The health assessment considered four pillars of health identified by the World Health Organization, two of which (socioeconomic and emotional determinants) could be considered as contributing to anxiety or reflective of anxiety. The socioeconomic, emotional, physical and cultural determinants were used as indicators and collectively were evaluated to
produce a description of “overall health” that encompass a more holistic approach for considering the potential projectrelated effects on human health.
The health assessment relied on the socio-economic assessment measures of community well-being (OPG 2011,
Appendix C, Section 3.5.1). The emotional determinants included consideration of community cohesion and perception
of health and safety that may result in reduced feelings of safety and security among local populations, and can
potentially cause stress and affect overall health. The Socio-economic Environment TSD (AECOM 2011, Section 5.9)
provides a description of the perception of health and safety in the LSA and RSA. The EIS (OPG 2011, Section 6.10)
provides a brief overview of the findings. These perceptions were derived from the public attitude surveys described in
the Socio-economic Environment TSD (AECOM 2011, Section 5.1.1.1). The results of the community attitude surveys
indicate that the majority of the respondents do not expect that the DGR Project will change their feelings of personal
safety and security (79% in the LSA and 75% in the RSA). Of those who anticipate a change in their feelings, in the LSA
and RSA respectively, 9% and 10% would experience a decrease and 7% and 7% an increase in feelings of safety and
security. Therefore, adverse effects to perception of health and safety are not anticipated as a result of the DGR Project.
The Socio-Economic Technical Information Session #3 held on March 20, 2013 and OPG’s Final Written Submission to
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the Joint Review Panel’s Technical Information Session #3 provide a more detailed discussion on feelings of well-being
and attitude (OPG 2013a, Section 3).
OPG is committed to continuing to engage the public and stakeholders about the DGR Project throughout the site
preparation and construction, and operations phases, to provide factual information, respond to questions and concerns,
and to avoid potential anxiety about the project. As stated in OPG’s written submission for the JRP Socio-economic
Technical Information Session (OPG 2013a, Section 2), the content of the communication activities planned during site
preparation and construction will reflect project activities and progress, mitigation efforts and their effectiveness, and the
results of monitoring activities undertaken to confirm predicted effects. As an example, those living in the general vicinity
of the DGR would be notified of activities such as the starting of blasting.
OPG’s response to IR EIS-09-458 (OPG 2013b) provides additional information on OPG’s communication plans related
to the site preparation and construction phase of the DGR project. Communications will continue to be developed in a
manner that “ensures citizens are apprised of the general nature and characteristics of the anticipated effects on the
environment and health and safety of persons during site preparation and construction and subsequent phases of the
project.” Planned communication tools and activities include: Public Notifications; Stakeholder Briefings and
Presentations; DGR Project Newsletters; Fact Sheet/Brochure; DGR Website; DGR Mobile Exhibit; Advertorials; Open
Houses/Community Information Sessions; Media briefings; Employee Communication; and Issue Management and
Tracking.
References:
AECOM. 2011. Socio-Economic Technical Support Document. AECOM Canada Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc# 299)
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. (CEAA Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
OPG. 2013a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the March 20, 2013, JRP Technical Information Session”, CD# 00216-CORR-0053100173, March 12, 2013. (CEAA Registry Doc# 912)
OPG. 2013b. OPG Letter, A. Webster to S. Swanson, Deep Geologic Repository Project for Low and Intermediate
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Level Waste - Submission of Responses to the Second Sub-set of Package #9 Information Requests”, CD# 0021600531-00180, April 15, 2013. (CEAA Registry Doc# 957)

EIS 11-507

 Section 14,
Cumulative
Effects

Information Request:
How will cumulative effects indicators be selected for the follow-up monitoring program?
Provide a conceptual model of potential cumulative effects on either ecosystem structure or function.
Context:
The most effective and informative indicators of cumulative effects may not be the same indicators that are used to
monitor for effects on individual VECs. This is because the effects of complex interactions among multiple stressors at a
community or ecosystem level may first be detected by measuring indicators that were not identified as VECs but which
are essential to the persistence of that VEC (e.g. effects on lower levels of the food chain that, in turn, effect the VEC). A
list of criteria applied to the selection of the indicators of cumulative effects would provide increased clarity and would
assist in the evaluation of the acceptability of the follow-up monitoring program,
OPG Response:
An expanded description of the conceptual model used in the cumulative effects assessment was provided in OPG’s
responses to Information Requests (IRs) EIS-08-358 and EIS-08-359 (OPG 2013). The guiding principle for the
cumulative effects assessment was that for a cumulative effect to occur, the project in question has to have caused an
effect. In the assessment of the cumulative effects for the DGR Project, all non-trivial effects that remain after mitigation
(i.e., residual adverse effects) were carried forward and considered in the cumulative effects assessment. This means
that even effects that were of a low or medium magnitude were included in the cumulative effects assessment. In
addition, the cumulative effects assessment included all residual adverse effects, regardless whether they were
determined to be significant or not.
The Environmental Impact Statement (EIS) for the DGR Project included a range of valued ecosystem components
(VECs) identified for each of the technical disciplines. In selecting the VECs consideration was given to identifying
species that are indicative of the ecosystem as a whole. In addition, the EIS (OPG 2011, Table 5.3.2-1), identified a
number of multi-feature VECs that inherently considered the combined effects of multiple stressors and the combined
effect of individual VECs. This is an example of how the EIS explicitly addressed interactions among VECs and multiple
stressors among VECs. The indicators selected for evaluating changes to the VECs were determined to be relevant,
given the manner in which the assessment was completed, for assessing both project specific and cumulative effects.
Figure 7.12.1-1 (OPG 2011), provided below, illustrates the indicators considered in the assessment of effects on Lake
Huron, one of the multi-feature VECs.
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The assessment of effects of the project on the identified VECs was completed with consideration to the range of
complex interactions that exist in the ecosystem among the multiple possible stressors. The assessment of project
effects on VECs considered both direct and indirect effects in a comprehensive and holistic manner. Direct effects were
those that occurred when VECs are affected by project work and activities. For example, construction of the crossing
over the railway ditch results in a loss of habitat for the individual aquatic VECs that use the railway ditch (i.e., redbelly
dace, creek chub, variable leaf pondweed, burrowing crayfish and benthic invertebrates). Indirect effects are those
where changes to another VEC as a result of the project could have a synergistic effect on the VEC in question. For
example, changes in surface water quantity and flow, surface water quality, vibration levels, soil quality, groundwater
quality, and groundwater quantity were all considered as potential indirect (or synergistic) effects on aquatic VECs in the
railway ditches. However, many of the above indirect effects also considered both direct and indirect effects of the
project (e.g., surface water quality considered the direct effects of the project as well as indirect effects resulting from
changes in air quality, surface quantity and flow, groundwater quality, groundwater flow, and soil quality). Finally, the
effects of the project on aquatic VECs were then considered as food chain contributions, and potential indirect effects on
higher level species such as bald eagle, midland painted turtle and mallard (Section 7.3.2.8 of the Terrestrial
Environment Technical Support Document [GOLDER 2011]).
The EIS (OPG 2011, Section 10.8) identified no likely adverse cumulative effects. Based on this conclusion and the
approach used in the assessment, the indicators used for the assessment of effects on VECs are considered adequate
for monitoring all effects of the project, including cumulative effects.
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EIS 11-508

 Section 8.1,
General
Information and
Design
Description

Information Request:
Describe in greater detail the program(s) used to verify waste container integrity at point of manufacture, point of arrival
at the WWMF, and prior to transfer into any longer-term management scenario, such as the DGR.
Provide the specific criteria that have to be met and the methods of verification.
Context:
This IR follows up on the OPG response to IR #: EIS 08-343. More clarity and detail on the quality control for radioactive
waste containers over their entire life-cycle is required.
OPG Response:
Low level waste containers are only fabricated by manufacturers listed on OPG’s Approved Supplier List (ASL). To be
on the ASL, these manufacturers must be accredited to a Quality Assurance (QA) program, such as ISO 9001
(ISO 2008) and have passed regular audits conducted by OPG Supply Chain. Containers are manufactured to OPG’s
Technical Specifications which are based on industry standards.
Prior to delivering containers to OPG, the containers undergo a number of tests or checks in accordance with the
corresponding container technical specifications to ensure the containers meet OPG’s requirements. The tests are
conducted by the container manufacturers and witnessed by OPG personnel as required. Tests may include weld
inspection, stacking load test, water holding testing, pressure holding test, paint thickness measurements and stacking
stability test. Test results are recorded and provided to OPG for record.
Below are details and criteria for each test mentioned above:
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Weld inspection: all welds are visually inspected in accordance with Clause 12.5 of CSA W59 (CSA 2008) or equivalent
standard. Weld inspection is performed by inspector who is qualified to CSA W178.2 (CSA 2013) or equivalent as a
minimum.
Stacking load test: a simulated load equivalent to the maximum stacking load of the container is applied to the container.
All welded joints on the containers are inspected per Clause 12.5 of CSA W59 (CSA 2008) or equivalent.
Water holding test: container is filled with 2000 L of water for a minimum of 10 minutes to demonstrate the integrity of the
container body. All welded joints on the container exterior are inspected for distortion and leaks. No degradation of the
welds, leakage, or permanent distortion are allowed.
Pressure holding test: internal of the container is pressurized to detect any defects on the gasket installation. Loss of
pressure greater than 10% is considered a failure.
Paint thickness measurement: paint thickness is measured in accordance with guidelines provided in ASTM D7091
(ASTM 2012) and SSPC-PA2 (SSPC 2012). Surface finishing of the coating is visually inspected and considered pass if
it is uniform and without voids.
Stacking stability test: containers loaded to its maximum gross mass are stacked to the maximum permissible stacking
height on a level surface for 10 minutes to examine for signs of instability (i.e. lateral deflection, wobbling or tilting). No
indication of shifting, tilting, or wobbling of the stack is considered a pass.
For new containers arriving at OPG’s Western Waste Management Facility (WWMF), OPG Supply Chain will perform a
receipt inspection, including a visual inspection, to ensure that all required QA documents (e.g., material data report or
certificates, test result, etc.) are accompanied with the container shipment and that the container’s physical condition is
acceptable.
Containers loaded with waste returning from nuclear stations are packaged in accordance with the Waste Acceptance
Criteria (WAC). WWMF staff visually inspect each container to ensure they have no leaks or damage prior to storing
them in Low Level Storage Buildings.
At the time of transfer to the DGR, each container will be assessed for compliance with requirements specified in the
DGR WAC. Containers requiring overpacking will have this done prior to transfer to the DGR in accordance with
approved procedures.
References:
ASTM. 2012. American society for Testing of Materials (ASTM) D7091 - 12 Standard Practice for Nondestructive
Measurement of Dry Film Thickness of Nonmagnetic Coatings Applied to Ferrous Metals and Nonmagnetic,
Nonconductive Coatings Applied to Non-Ferrous Metals.
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CSA. 2008. Welded Steel Construction (Metal Arc Welding). Canadian Standards Association (CSA) W59-03 (R2008).
CSA. 2013. Certification of Welding Inspectors. Canadian Standards Association (CSA) W178.2-08 (R2013).
ISO. 2008. Quality Management Systems – Requirements. International Organization for Standardization ISO
9001:2008.
SSPC. 2012. The Society for Protective Coatings SSPC-PA 2 Procedure for Determining Conformance to Dry Coating
Thickness Requirements.

EIS 11-509

 Section 13, LongTerm Safety of
the DGR

Information Request:
Provide methods that will be implemented to address problems with poor documentation for legacy waste that will be
placed in the DGR.
Context:
The PSA states that OPG’s waste packages are mostly well defined, and most waste categories are relatively
homogeneous. However, standards of documentation have improved over time and documentation for some of the older
waste may now be considered inadequate. The waste package criteria set for the Konrad Mine, Germany, acknowledge
such deficiencies and remedial measures are being instituted.
OPG Response:
The low and intermediate level wastes (L&ILW) to be emplaced in the OPG DGR are from the operation and
refurbishment of OPG’s heavy-water-moderated CANDU power reactors. While the waste characterization
documentation of older wastes is not as detailed as current practice, the waste characteristics are expected to be similar
to current wastes since the wastes originate from similar reactor operations and waste conditioning methods. The
L&ILW waste characterization data that is available from the early years of OPG reactor operation are consistent with
this expectation.
Other national repository programs may be handling wastes resulting from historic nuclear research and development
activities, from experimental reactors, and/or from medical or military applications. Legacy wastes in these programs can
include materials and waste conditioning methods that are significantly different from their more recently-produced
wastes.
Records of all wastes in storage are captured in OPG’s Integrated Waste Tracking System (IWTS) database.
Information originally held on paper records for older wastes have been transferred to this electronic database. Also, as
the contents of older waste storage structures have been re-examined over the years, opportunities were taken to
improve the records in the IWTS database.
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OPG’s response to Information Request EIS-08-384 (OPG 2013) states that: “OPG has a continuing program of waste
characterization to confirm the characteristics of newly-generated waste and to improve the characterization of
previously-generated waste.” As part of this continuing program, opportunities would be taken in future to improve the
documentation of older waste streams as required to support assumptions in DGR safety assessments.
It may be noted that the conclusions of the safety case are not sensitive to uncertainties in the inventory of most
radionuclides due to the large safety margins and since only a few radionuclides contribute to potential dose impacts
(see OPG’s supplementary response to Information Request (IR) EIS-01-06, OPG 2012). The Preliminary Safety Report
shows that an order-of-magnitude uncertainty in all radionuclide inventories, including these key radionuclides, resulted
in an order-of-magnitude increase in maximum calculated dose, but still well below the dose criterion (OPG 2011,
Sections 8.8.2.2 and 8.9).
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Supplementary Material to Information Request (IR) Package #1 Responses”, CD# 00216CORR-00531-00118, July 10, 2012. (CEAA Registry Doc# 606)
OPG. 2013. OPG Letter, W. Robbins to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level Waste
– Submission of Responses to the Final Sub-set of Package #8 Information Requests”, CD# 00216-CORR-0053100171, March 15, 2013. (CEAA Registry Doc# 915)
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