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OPG Response to a Sub-set of the Joint Review Panel EIS Information Request Package #6
IR#

EIS-06-239

EIS Guidelines
Section
 Section 10.1.6,
Ambient
Radioactivity

Information Request and Response

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.
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
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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-06-241

 Section 10.1.6,
Ambient
Radioactivity

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
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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 WSHseries 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).
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-06-248

 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.
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
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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 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).
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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 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
Page 5 of 53

Attachment to 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 #6 Information Requests”, CD# 00216-CORR-00531-00152
IR#

EIS Guidelines
Section

Information Request and Response
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
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.
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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).
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.
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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
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.
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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
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 8hour 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
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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

678.5

517.5

1-hr CO

816.5

N/A

816.5

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
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.
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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 nonroad diesel engines sold in Canada starting in 2006; therefore, it is reasonable to assume that virtually all of the non-road
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
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)
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EIS Guidelines
Section
 Section 11.3,
Significance of
Residual Effects
 Section 11.4.7,
Atmosphere

Information Request and Response

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
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
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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.
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.
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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
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)
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EIS Guidelines
Section
 Section 11.4.8,
Noise and
Vibration

Information Request and Response

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.
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:
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Type
Sources of Sound

Character of Sound

Time Period

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
Night
Weekend Daytime

5
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).
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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.
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
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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)).
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 IR-EIS-06-257. Therefore, no
change to the characteristics of the noise (e.g., impulsiveness) is expected.
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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.

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).
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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 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.

Page 20 of 53

Attachment to 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 #6 Information Requests”, CD# 00216-CORR-00531-00152
IR#

EIS Guidelines
Section

Information Request and Response
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.
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)
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)
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Existing
Environment
 Section 11,
Effects
Prediction,
Mitigation
Measures, and
Significance of
Residual Effects
 Section 13, LongTerm Safety of
the DGR

Information Request and Response

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.




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
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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 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
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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-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 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)
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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 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 plutonium241 must be reported.
In the Reference Low and Intermediate Level Waste Inventory Report (December 2010)Table 3.3, page 32, includes a 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
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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-06-263

 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
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
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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
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-06-265

 Section 10,
Existing

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
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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-04129 (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 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
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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 www.nwmo.ca/dgrgeoscientificsitecharacterization)

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
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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 seismoelectrical 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 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,
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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.

EIS-06-267

 Section 13, LongTerm Safety of
the DGR

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
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(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
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.
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Table 1: Summary of Shaft Investigation Activities Relative to Rock Formations
ACTIVITY

(mBGS)

All formations

Rock
Response

Core retrieval

Geophysics

EDZ

In situ Stress
Underexcavation
experiment

Formation

O/C stress
measurement

(m)

In situ geomechanical
Testing

Formation

Excavation
deformation
measurement

Top of

AE monitoring

Thk.

Permeability
measurement

Rock

Mapping

IR#

~680

Salina F

43

179

Salina C
Salina A2
(Carb.)
Salina A1

15

245

28

293

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
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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)
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).
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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
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.
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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.
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
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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
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
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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)

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,
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
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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 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
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(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
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 NE-GG1
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,
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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.

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
physical/biophysical and socio-economic environments. Sustainability concepts, such as:
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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

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

Repository Layout

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

-

N/A

Retains opportunity to
use waste rock in future

N/A

Retains opportunity to
use waste rock in
decommissioning

Shaft Arrangement

Waste Rock Management Area
Cover and Lining
No Cover or Lining
Cover at end of
Operations Phase

-
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
gas to the community

Heating Method
Natural Gas
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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

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

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

N/A

N/A

N/A

-

Bridge
Culverts
Repository Development
Drill and Blast

Roadheader with Drill
and Blast
Groundwater Management

Cover Grouting

Ground Freezing

Repository Development
Campaign Development
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Concurrent
Development
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

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
Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
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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-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.
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.
Page 50 of 53

Attachment to 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 #6 Information Requests”, CD# 00216-CORR-00531-00152
IR#

EIS Guidelines
Section

Information Request and Response
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 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), IR-LPSC01-45 (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)
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 Section 2.5,
Precautionary
Approach
 Section 16,
Follow-up
Program

Information Request and Response

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."
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).
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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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