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OPG Responses to a Sub-set of IRs from Joint Review Panel IR Package #4
IR#
EIS-04-100

EIS Guidelines
Section
 Section 8,
Description of the
Project
 Section 10.1.1,
Geology and
Geomorphology
 Section 10.1.3,
Groundwater
 Section 11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

Information Request and Response
Information Request:
Explain why the hydraulic head in the Precambrian bedrock was not measured and therefore could not be included in
groundwater models.
Context:
The hydraulic head is measured for other stratigraphic horizons but not the Precambrian bedrock.
OPG Response:
A key focus for the geoscientific characterization program was to obtain site-specific information necessary to
understand and assess the long-term ability of the Paleozoic sediments and groundwater system to safely host the DGR.
The measurement of hydraulic head within the Precambrian was not considered necessary to develop a robust Safety
Case for the Deep Geologic Repository (DGR). The objectives and scope of DGR geoscientific studies are documented
in site characterization plans described by INTERA (2006) and INTERA (2008).
Specific information that led to a decision not to characterize or measure hydraulic heads within the Precambrian
included the following:









The permeable and over-pressured Cambrian Formation (17 m thickness) that rests directly on the crystalline
Precambrian bedrock surface represents a natural hydrogeologic boundary within the deep groundwater system
at a depth of approximately 840 m.
The Cambrian Formation represents a non-potable (i.e., total dissolved solids ~ 225 g/L), regionally confined and
isolated aquifer. It is the nearest permeable horizon underlying the DGR in which lateral advective migration
could hypothetically occur.
The Cambrian aquifer is isolated from the DGR by approximately 150 m of Ordovician carbonate rocks.
Evidence gathered during geoscientific investigations indicates that mass transport in the low permeability
Ordovician carbonate sediments intervening between the DGR and underlying Cambrian aquifer directly
overlying the Precambrian bedrock is diffusion dominant.
The Cambrian aquifer is not readily accessible, nor does it outcrop or discharge, within 100 km of the Bruce
nuclear site.
Regional and paleohydrogeologic numerical simulations of the groundwater system that include the entire
Paleozoic sedimentary sequence and underlying Precambrian bedrock illustrate that the Precambrian will not
influence the diffusion dominant mass transport processes or stability of the groundwater system within the
sediments that enclose the DGR (NWMO 2011, Section 5.4.5).
Safety assessment calculations illustrate that for a ‘what-if’ case of ingesting drinking water directly beneath the
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DGR in the Cambrian aquifer, the dose consequence was 100 times less than the dose criterion of 0.3 mSv/a at
1.5 million years (QUINTESSA et. al 2011, Section 2.5.2).
The above information illustrates the minor role of the Precambrian in the DGR Safety Case and the basis for not
including its geoscientific characterization in site-specific studies.
References:
INTERA. 2006. Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste Report INTERA 05-220-1, OPG 00216-REP-03902-00002-R00. Ottawa, Canada.
INTERA. 2008. Phase 2 Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and
Intermediate Level Waste, Report INTERA 06-219-50-Phase 2 GSCP-R0, OPG 00216-PLAN-03902-00002-R00.
Ottawa, Canada.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc #300)

EIS-04-105

 Section 8.1,
General
Information and
Design Description

Information Request:
Provide an analysis of how radiological hazards (not simply activity) from the DGR Project will change over time.
Context:
According to the EIS Guidelines, information in the EIS must include (among other items) “a description of the waste
characteristics including source, chemical hazard, radiological hazard, and the non-fissile nature of the material,
including the half-life of each isotope, and how the properties, chemical and radiological hazards will change with time”.
OPG Response:
The response is provided in three parts:
(a) Comparison with natural radioactivity;
(b) Radiotoxicity of DGR wastes;
(c) Potential radiological hazards in different time frames.
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(a) Comparison with Natural Radioactivity
The time dependence of radioactivity in the wastes in the Deep Geologic Repository (DGR) after closure (assumed to be
2062 in this analysis) is given in Figure 8-20 of the Preliminary Safety Report (PSR) (OPG 2011), and reproduced below.
The decrease in radioactivity in the DGR is due to radionuclide decay. The existing natural radioactivity of the rock
above the repository is also shown in this figure. The top of the grey band corresponds to the rock within the Bruce
nuclear site, while the bottom corresponds to the rock directly above the repository. The main natural radionuclides are
K-40, U-238 (and decay chain, especially Po-210), Rb-87 and Th-232.
This figure shows that initially there is about as much natural radioactivity in the rock below the Bruce nuclear site as
there is in the DGR wastes. After about 100,000 years, the radioactivity in the DGR wastes is less than that in the rock
directly above the repository due to radionuclide decay.

Figure 8-20 of PSR: Total Radioactivity of the Waste as a Function of Time
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(b) Radiotoxicity of DGR Wastes
Radiotoxicity is an alternative measure of radiological hazard than radioactivity. It takes into account the difference in
hazard from exposure to the different radionuclides, due to differences in how they interact with the human body. Here,
radiotoxicity is calculated assuming all the radionuclides are ingested.
The time dependence of total radiotoxicity in the wastes in the DGR after repository closure is shown in Figure 4.2b of
the Postclosure Safety Assessment (Postclosure SA) report (QUINTESSA et al. 2011) and reproduced below. The
decrease in toxicity with time is due to radionuclide decay. This figure shows the same general trends with time as with
total radioactivity, except for an increase in LLW radiotoxicity around one million years due to buildup of the decay chain
elements from uranium present in LLW.

Figure 4.2b of Postclosure SA Report: Time Dependence of Radiotoxicity in Total Waste in Repository
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The natural rock radiotoxicity is also shown. The total radiotoxicity of the wastes in the DGR is always less than the total
natural radiotoxicity of the rock within the Bruce nuclear site above the repository. This provides a general perspective
on the nature of the total DGR radiological hazard, since the rock itself would not be considered radiologically hazardous.
Of course, the DGR radionuclides are concentrated into the waste packages, and not dispersed across the rock.
(Figure 8-21 of the PSR and Figure 4.2a of the Postclosure SA report show the radiotoxicity per cubic metre.) However,
approximately 80% of the waste volume is low level waste, and the total radiotoxicity of this waste will largely decay in a
few hundred years, resulting in low radiotoxicity similar to that in rock excavated from DGR. About 10% of the waste
volume is operational ILW and it decays significantly after 10,000 years. It is the 10% of the waste volume in the
refurbishment (retube) ILW that contains most of the long-lived radioactivity and hazard.
Also, the availability or mobility of the radionuclides from the waste will be different than those in the rock. This is taken
into account in the postclosure safety assessment, and the implications are summarized in the next section.
(c) Potential Radiological Hazards in Different Time Frames
The source, half-life, decay mode (alpha/beta/gamma) and non-fissile nature of the most important radionuclides are
described in Section 5.10 of the PSR.
The potential radiological hazards in different time frames from start of operations are summarized below, based on the
results from the preclosure and postclosure safety assessments as summarized in Chapters 7 and 8 of the PSR:


0 - 50 years (operational period): During operation, the key radionuclides of safety concern are H-3, C-14, Co60 and Cs-137. H-3 and C-14 (beta emitters) are volatile, and the main risk is due to inhalation by workers, and
members of the public near the Bruce nuclear site. Co-60 and Cs-137 are non-volatile gamma emitters, and
pose potential external radiation risk to workers, but not to the public. The preclosure safety assessment (PSR,
Section 7.7.1) evaluates these risks and shows that there will be no significant radiological risk to the public or
workers during operations.



50 - 300 years: Following closure of the repository, the radioactivity in the wastes will be confined by the wastes,
containers, host rock and repository seals. In addition, institutional controls and societal memory will reduce the
likelihood of future human actions that could compromise the integrity of the repository. During this period, the
radioactivity in the bulk of the waste volume (the LLW) will largely decay, including in particular H-3, Co-60 and
Cs-137. C-14 remains an important radionuclide.



300 – 10,000 years: The key radionuclide during this period is C-14, released from the waste and present in
gaseous form. Due to the low permeability of the host rock and of the shaft seals, there will be no release to the
surface and hence no radiological dose to the public during this period. If there was a significant failure of the
shaft seal during this period, C-14 release would be the key radionuclide hazard. If there were to be inadvertent
human intrusion into the repository, then C-14 and Nb-94 (a gamma emitter) would be the most important
radionuclides.
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10,000 – 100,000 years: This timeframe is likely to be prior to any significant ice sheet coverage of the DGR site
due to the next glacial cycle. The host rock and shaft seals are durable and remain low permeability. The
maximum calculated dose for the Normal Evolution Scenario is many orders of magnitude lower than the dose
criterion of 0.3 mSv/year. During this period, C-14 remains the key radionuclide for all scenarios, with Nb-94
also important for the human intrusion scenario. However, both C-14 and Nb-94 significantly decay over this
period. In particular, by the end of this period, C-14 would not lead to significant exposures even under severe
shaft seal failure or human intrusion scenarios.



100,000 – 1,000,000 years: Several glacial cycles will likely occur during this timeframe. However, the wastes
in the repository remain confined by the low permeability rock and seals. The main contributors in terms of
radioactivity are Nb-94 and Zr-93. Nb-94 will decay during this period, leaving Zr-93 (and its Nb-93m progeny)
as the dominant residual radionuclide. Nb-94 and Zr-93 are not very mobile in this diffusion-dominated
environment, and will remain in or near the repository. Plutonium is not a significant contributor to DGR
radiological hazard in general due to its low amount and low mobility; however, it also decays during this period.
The relative radiotoxicity of LLW remains low, but increases during this period due to the slow decay of U-238
and the formation of uranium decay chain progeny not initially present. Cl-36 and I-129, present in smaller
amounts but more mobile in groundwater, are the main radionuclides with respect to any releases to surface.
The maximum calculated dose remains orders of magnitude lower than the dose criterion of 0.3 mSv/year (PSR,
Section 8.6.4.4).



Beyond 1,000,000 years: By 1,000,000 years, the waste radioactivity will have decayed to less than that in the
overlying rock. Only long-lived radionuclides remain, notably Zr-93, I-129 and U-238 (and its decay chain). The
calculations indicate that peak calculated dose remains well below the dose criterion of 0.3 mSv/year (PSR,
Section 8.6.4.4).

References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report. OPG
report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
EIS-04-111

 Section 11.4.6,
Radiological
Conditions

Information Request:
Provide information on the amount and diffusion of radon from the L & IL waste materials in the DGR.
Context:
The Radon Assessment Report only examines diffusion of radon from host rock and waste rock piles.
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OPG Response:
The Radon Assessment Report (NWMO 2011) includes radon from the waste materials in the DGR.
The estimated radon concentrations in the DGR during operations are given in Section 4.3 of NWMO 2011. Specifically,
the radon concentration in the ventilation shaft is given in Section 4.3.3 (NWMO 2011). This assessment includes two
sources of radon: emanation from the host rock and emissions from waste packages. In the other DGR locations during
operations (e.g., access tunnels, emplacement rooms), workers will be on the upwind side of the waste packages. As
such, there is no contribution of radon from waste packages in these locations.
As noted in Section 4.3.3 of NWMO (2011), the main source of radon from waste packages in the DGR will be used
radium sealed sources. Uranium is also present in the wastes, primarily as either surface contamination or depleted
uranium shielding. However, this uranium would not have decayed enough for radium and radon to be present in
significant amounts during DGR operations.
The radon present in the DGR during operations as a function of time is shown in Figure 4.3 of NWMO (2011). The
maximum concentration predicted in the DGR ventilation shaft is 13 Bq/m3 at night (lower during the day due to the
higher ventilation rate), a factor of 12 less than the Derived Working Limit of 150 Bq/m3.
Reference:
NWMO. 2011. Radon Assessment. Nuclear Waste Management Organization report NWMO DGR-TR-2011-34 R000.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-113

 Section 2.5,
Precautionary
Approach
 Section 4.1, Scope
of the Project
 Section 11.5.6,
Human Health

Information Request:
Explain why hydrologic underpressures in the formations overlying the repository and overpressures in the underlying
strata would persist for 1 million years. If changes in these conditions are anticipated, evaluate how this would impact the
model results. Evaluate the uncertainties associated with these predictions.
Context:
A key element of the deep bedrock groundwater zone is an overpressure. The origin of the overpressure is uncertain, but
is modelled as a driver of upwards groundwater flow.

 Section 13.1,
Demonstration of
the Long-term
Safety of the DGR

OPG Response:

 Section 13.2,
Selection of

The assessment of processes responsible for the generation and maintenance of the observed hydraulic over- and
under-pressures within the sedimentary sequence beneath the Bruce nuclear site is described by Sykes et al. (2011,

Another element is underpressures that exist above the deep bedrock and groundwater zone. The origin and future
behaviour these underpressures also are uncertain.
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Information Request and Response
Sections 6 and 7.2.9). Further information related to the anomalous heads, their evaluation and uncertainties with
respect to interpretation of bedrock formation properties and groundwater system evolution, is provided by NWMO
(2011, Section 5.5). In general, the anomalous formation pressures are expected to persist for 1 million years (1 Ma)
and probably longer, in part, due to: i) the near horizontally layered and laterally extensive aquifer/aquiclude/aquitard
basin hydrostratigraphy; ii) the presence of variably dense basin fluids with long residence times; iii) the very low rock
mass hydraulic conductivity of the Ordovician sediments; and iv) the existence of a long-lived diffusion dominant
transport regime that appears insensitive to external geologic perturbations. A further discussion is provided below.
The anomalous formation hydraulic heads observed within the deep DGR-series boreholes provide a site-specific natural
analogue with respect to the groundwater system hydrostratigraphy, formation scale hydraulic properties, solute
migration, and response to geologic forcing. The hydraulic heads in the Cambrian sandstone and the Niagaran Group
are over-pressured considering density corrected hydrostatic levels relative to the ground surface. The Ordovician
limestone and shale are significantly under-pressured. The processes that surround the generation of anomalously
elevated heads are numerous, including variable-density fluid, non-equilibrium compaction, hydrocarbon migration,
diagenesis, tectonic stress, or, more simply, topographic effects. Similarly, for abnormal under-pressures, potential
processes include osmosis, exhumation, glaciation unloading, crustal flexure, and the presence of a non-wetting gas
phase in pores. Regardless of the process responsible, a requirement for the occurrence of anomalous formation
pressures is the presence of extensive low permeability media.
A more detailed discussion and screening of possible processes leading to the generation of anomalous heads is
provided in Sections 6.1.1 to 6.1.5 of Sykes et al. (2011). This includes: i) basin scale hydrostratigraphy and variable
density fluids; ii) glacial loading/unloading; iii) osmosis; iv) exhumation; and v) crustal flexure. As a result of this
screening assessment, three key hypotheses were put forth and tested using illustrative numerical simulations. The
hypotheses were: i) the over-pressures in the Cambrian and Niagaran Group and the under-pressures in the Ordovician
shale and limestone are a consequence of glaciations and deglaciation; ii) the over-pressures in the Cambrian and
Niagaran Group are related to the dynamics of density-dependent saturated flow in the Michigan Basin; and iii) the
under-pressures in the Ordovician are the result of the presence of a non-wetting gas phase in the limestone and shale.
A description of the numerical simulations performed to gain insight and illustrate the role of various processes, including
uncertainty analyses, are described in Sections 5.6, 6.2 and 6.3 of Sykes et al. (2011).
In summary, key findings of the hydrogeologic evaluation and illustrative numerical simulations include:




The basin-scale (2-dimensional) simulations support the hypothesis that the over-pressures in the permeable
Cambrian aquifer occur as the result of dynamic density-dependent flow, the geometry of the basin, and the
complexities of the stratigraphy in the basin; however, these simulations could not precisely replicate the
Ordovician under-pressures.
The observed over-pressures in the DGR boreholes could not be replicated by regional scale 3-dimensional
simulations applying surface boundary conditions and mechanical parameters that reflect compression and
dilation under paleoclimate glaciation and deglaciation scenarios, as described by Peltier (2011).
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The observed under-pressures in the Ordovician sediments could not be simulated, using field and laboratory
derived parameters, by the mechanical loading during glaciation and unloading and consequent rock dilation
during deglaciation.
Based on the two-phase air and water simulations using TOUGH2-MP, it is concluded that the under-pressures
would be consistent with the presence of a minor non-wetting gas phase in the Ordovician sediments.

Both equilibrium and disequilibrium models were considered in the hydrogeological analyses and the results suggest that
the abnormal pressures are long-lived. In either equilibrium or disequilibrium models (Neuzil 1995), the currently
observed profile is a result of past boundary conditions and stresses that are different from those observed today. An
equilibrium model would suggest that the pressures in the Cambrian and Ordovician are static and the pore waters
stagnant, and, as has been suggested for abnormally pressured conditions elsewhere by Neuzil (1995), may be a relic
feature preserved by a virtual absence of fluid flow over geologic time. In a disequilibrium model, the pressures are
slowly evolving, in a geologic time sense – flow will be converging on the Ordovician from the overlying formations and
the underlying Cambrian. Based on the vertical hydraulic conductivity of the Ordovician formations (see Sykes et al.
2011; Section 4.5) such a process is interpreted to take considerably more than 1 Ma to reach equilibrium.
Additional evidence supporting the above finding includes evidence of pore fluid evaporative sea water origin and
diagenesis, long geologic periods of rock-water interaction, and the existence of a long-lived diffusion dominant transport
regime despite elevated vertical hydraulic gradients and external geologic perturbations (NWMO 2011, Section 4.5).
This evidence, coupled with an assessment of long-term shale cap barrier integrity (Engelder 2011) and geomechanical
stability (ITASCA 2011), strongly support a conclusion that the above conditions, governed in part by a low vertical rock
mass hydraulic conductivity (in the order of 10-14 m/s and possibly lower) within the Ordovician sediments, are unlikely to
alter or influence estimates of future long-term safety.
The above evidence from site characterization and illustrative numerical simulation activities highlight conservatisms in
selected Safety Assessment scenarios and predictions to account for system and evolutionary uncertainties. These
include: i) an equilibrated vertical hydraulic head distribution through the Ordovician, with upward gradients from the
permeable over-pressured Cambrian; ii) instant re-saturation of the DGR despite estimates of re-saturation times 1 Ma;
and iii) degraded DGR shaft seals and excavated damage zone properties. As a consequence, uncertainties associated
with anomalous formation pressure evolution, and future performance due to anticipated perturbations, are captured by
the submitted Safety Assessment scenarios (QUINTESSA et al. 2011).
References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-23 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada.
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(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Neuzil, C. 1995. Abnormal pressures as hydrodynamic phenomena. American Journal of Science 295, 742–786.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization Report NWMO DGR-TR2011-14 R000. Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma Engineering
Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-25 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-120

 Section 4.1, Scope
of the Project
 Section 8.1,
General
Information and
Design Description
 Section 14,
Cumulative Effects

Information Request:
Provide a description of conceptual DGR extension plans that will be used to accommodate storage of additional L&ILW
materials, or other permitted decommissioning wastes, beyond those volumes currently estimated for the DGR
operation.
The description should include both temporal and spatial extension plans to the current proposed DGR design.
Context:
In the EIS (Section 4.10.2. p. 4-71) it is noted that: “there may be a need to increase the number of emplacement rooms
…” and “The decommissioning waste from OPG-owned or operated reactors will, at some point in the future, be
relocated to a suitable long-term management site … DGR Hosting Agreement includes provision for decommissioning
waste to be placed in the DGR Project … in an extension of the DGR (approximately doubling the underground
capacity).”
In Fig. 10.4-2 (EIS, p. 10-21) the timeline shown indicates that decommissioning waste from the Bruce Nuclear site will
be placed into the DGR between 2054 and 2088, for an extended additional operational period approximating 35 years.
Inasmuch as current DGR operation is planned for completion by 2063, it may be anticipated that cumulative impacts
created by extension of DGR operations will result. At a minimum, it may be anticipated that: (a) in order to extend
panels within the DGR to permit construction of new rooms, the placement of planned shaft closure/sealing walls may
have to be postponed in order to extend drifts away from shaft sites, if rooms progress in similar directions to those
currently shown; (b) different ventilation strategies will be required to accommodate different excavation layouts; (c) room
and drift walls, left open for longer periods and not reinforced using planned monolith materials, may suffer more
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extensive structural degradation during manned operations that may result in enlargement of excavation damage zones.
Additionally, the need to have workers operate within an underground facility of greater extent and that may suffer
extended degradation in physical character for longer intervals than initially planned may present additional occupational
hazards from ground falls and the like.
There are also implications to surface operations. There will be a requirement for more waste rock storage space. There
will also be an extension to the requirement for surface water management and treatment. The extensions to surface
operations may in turn trigger requirements for additional mitigation of environmental impacts, e.g., habitat loss.
The “extension of the DGR (approximately doubling the underground capacity)” may present detrimental impacts on
repository structural performance and worker safety. No consideration of these effects has been provided in the
cumulative effects assessment review section of the EIS, as in Table 10.7-1 (Summary of Likely Adverse Cumulative
Effects), EIS, p. 10-38.
OPG Response:
OPG notes, the second quote in the Context section is from Section 10 (page 10-18) of the EIS and is associated with
the cumulative effects assessment which considered decommissioning waste in the DGR based on the direction of the
EIS Guidelines (CEAA/CNSC 2009, Section 14).
The EIS Guidelines (Section 8.4) require the proponent to consider potential modifications to the project. These are
identified and assessed in Section 4.10 of the EIS (OPG 2011) and include potential design changes and the possibility
of a limited number of additional emplacement rooms if current volume estimates and/or assumed packing efficiencies
not prove accurate. The assessment of potential modifications is documented in Section 4 of the EIS.
In accordance with good engineering and project management practices, the DGR Project Requirements (NWMO 2010)
identify two design limits related to uncertainty in the longer term as to the volume of waste that might require long-term
management, and uncertainty in how long the DGR might be required to be in operation. Section 5.1 of the Project
Requirements (NWMO 2010) requires that the design be capable of being in operation for a period of 100 years. Section
5.4 of the Project Requirements (NWMO 2010) requires that the repository layout be capable of being expanded to
handle twice the waste volume as currently envisioned. However, the current plan is for a repository capacity and
operating life as described in the documents submitted in support of OPG’s application for a site preparation and
construction licence.
In accordance with Section 5.1 of the Project Requirements (NWMO 2010), analysis of the stability of underground
openings and ground support requirements have been conducted for 100 years to demonstrate that worker safety
requirements can be met for this time duration.
In accordance with the Section 5.4 of the Project Requirements (NWMO 2010), the following have been identified:
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a) it would be possible to construct two additional panels of waste emplacement rooms south west of the current
Panel 1 and Panel 2;
b) it would be possible to construct panel access and return air tunnels to provide the required access and
ventilation;
c) the limestone waste rock pile could be extended to the west of the proposed waste rock pile and vertically to
handle the newly-excavated rock;
d) location of closure walls have been assessed to ensure expansion potential; and
e) there is additional capacity in rail access emplacement rooms for non-forkliftable waste.
There are no temporal plans for such an extension. As mentioned above, the capability for expansion was included in
the Project Requirements and evaluated in accordance with good engineering and project management practice, not in
response to a specific need at a specific point in time. Should there be a need in future to significantly expand the
capacity of the DGR, this would need to be assessed and approved in accordance with the then-current regulatory
approval process.
OPG’s response to IR EIS-04-110 (OPG 2012) discusses cumulative effects considerations of an expansion of the
DGR’s capacity.
References:
CEAA/CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep Geologic
Repository for Low- and Intermediate-Level Radioactive Waste. (CEAA Registry Doc# 150)
NWMO. 2010. Ontario Power Generation’s Deep Geologic Repository for Low and Intermediate-Level Waste Project
Requirements. Nuclear Waste Management Organization document DGR-PDR-00120-0001 R002. (CEAA Registry
Doc# 300).
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00126-REP-07701-00001 R000. (CEAA Registry Doc# 298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100134, August 27, 2012. (CEAA Registry Doc# 704)

EIS-04-125

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use refined vertical discretization in the numerical hydrogeologic models to ensure explicit representation of thin
permeable units where horizontal advective solute transport may be significant based on the results of site
characterization, and provide the modelling results
Evaluate the influence of averaging the hydrogeologic parameters of two distinct lithologies on the modelling of the
vertical diffusive solute transport through the cap rock sequence (i.e are the consequences of using average parameters
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conservative?). Explain how average hydrogeologic parameters for the Queenston and Georgian Bay/Blue Mtn.
formations were obtained (PSR, Table 4-4).
Context:
The coarse vertical resolution of hydrostratigraphic units 4A and 4B implemented in the numerical groundwater flow and
transport model does not ensure an accurate representation of horizontal advective mass flux in these units. The
averaging of hydraulic properties of thin permeable layers with those of adjacent low-permeability layers causes an
underestimation of horizontal porewater velocities and, therefore, of solute mass transport.
Hydrostratigraphic unit 5 encompasses the Upper Ordovician cap rock sequence. Porosity data for this interval shows a
bimodal distribution (Geology TSD Fig. 5.6.1-9), as may diffusion coefficient (Fig. 5.6.1-10) and permeability (Descriptive
Geosphere Fig. 4.16) if more data were available. The two sample populations reflect the presence of shale beds and
'hard beds' (limestone and/or siltstone) in the unit. For the modelling the hydraulic properties of the two populations are
averaged.
OPG Response:
A detailed description of the development of the regional and Bruce nuclear site conceptual hydrogeologic models,
including parameter assignment is provided by Sykes et al. (2011, Section 2) and INTERA (2011, Section 4.15). An
assessment of confidence in conceptual and numerical model realizations is provided in Sykes et al. (2011, Section 7)
and INTERA (2011, Section 4.16). Numerical simulations, including illustrative sensitivity, mass transport and
paleohydrogeologic scenarios at various scales are described in NWMO (2011, Sections 4 and 5), Sykes et al. (2011),
GEOFIRMA (2011) and GEOFIRMA and QUINTESSA (2011). A brief description outlining the application of numerical
groundwater models to assess, among other factors, model parameterization in terms of the understanding of
groundwater system evolution and Deep Geologic Repository (DGR) safety is provided below.
The DGR Geosynthesis process necessitated that the numerical analyses of the groundwater system within the
sedimentary sequence be conducted at time and space scales commensurate with the data available and nature of the
geologic forcing. A specific focus for the analyses performed was to illustrate and test the understanding of groundwater
system properties and behaviour at time scales relevant to demonstrating DGR long-term safety. Four different
numerical models were used to assess the influence of hydrogeologic parameter and boundary condition uncertainty,
groundwater system hydrostratigraphy (geometry) and long-term perturbations (e.g., glaciation) on predicted response.
Further work focused on assessing site-specific analogues that examined the distribution of environmental tracers and
occurrence of anomalous over- and under-pressures within the host and confining bedrock formations. These analogues
provided insight in the adequacy of formation property up-scaling, the long-term preservation of formation properties and
governing mass transport processes. The combined results of the analyses provide a basis to illustrate overall
groundwater system evolution, stability and resilience to change that support an assessment of postclosure safety. A
description of the modelling approach and results is described by Sykes et al. (2011) and NWMO (2011,
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Sections 4 and 5).
With specific reference to the derivation of rock mass hydraulic conductivities and effective diffusion coefficients (De) for
the Ordovician shales, numerical results yield formation properties that are consistent with, or potentially lower than
applied. A description of the derivation of the properties for the Ordovician shales and a comparison against
international sites is provided in NWMO (2011, Sections 7.2.2 and 7.3). Sykes et al. (2011, Section 7.2.8), examining
the occurrence of the observed under-pressures, noted from analyses that the vertical hydraulic conductivities in the
Ordovician sediments must be on the order of 10-14 m/s or lower for formation pressures to be preserved. Laboratory
estimates of De yield extremely low values when compared to international results, typically 10-12 m2/s or less. For
lithologic variation the approach of using arithmetic and harmonic means to estimate formation scale anisotropies was
employed; the Georgian Bay formation, for example, is described by NWMO (2011, Section 5.3.5). A further
assessment of how parameter uncertainty influences predicted DGR safety is provided by postclosure safety
assessment as described below.
For the postclosure safety assessment, site-scale numerical models were developed based on the Descriptive
Geosphere Site Model (DGSM) (INTERA 2011). These numerical models covered different vertical extents, depending
on the purpose of the model, but included explicit discretization of all relevant formations. In particular, those models
that extended through the Silurian sediments explicitly included the permeable Guelph and A1 Upper Carbonate
formations. See for example, the detailed permeabilities used in the Normal Evolution Reference Case (NE-RC) as
shown in Figure 4.1 of the Gas Modelling report (GEOFIRMA and QUINTESSA 2011), and the geological layering in
Figure 4.2 of the Groundwater Modelling report (GEOFIRMA 2011).
In many of the postclosure analyses, no horizontal gradients were included within the Guelph and A1 Upper Carbonate
formations, which maximized the potential impacts at the peak dose location directly above the repository. However, the
importance of horizontal gradients within these formations was specifically assessed in the Normal Evolution Horizontal
Gradient case (NE-HG). The impacts of this gradient on groundwater flow and solute transport are discussed in Section
5.4 of the Groundwater Modelling report (GEOFIRMA 2011). The implications on postclosure safety are summarized in
Section 7.3.2.9 of the Postclosure Safety Assessment report (QUINTESSA et al. 2011).
These results confirm that the dose consequences remain low whether or not advective transport within the Guelph and
A1 Upper Carbonate formations are included, and that it is conservative to ignore this transport for estimating peak dose
consequences.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report to the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada.
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(available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma Engineering Ltd. and
Quintessa Ltd. report to the Nuclear Waste Management Organization NWMO DGR-TR-2011-31 R000. Toronto,
Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report to the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
Report NWMO DGR-TR-2011-16 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-127

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use revised boundary conditions in the regional hydrogeologic model to ensure that observed hydraulic gradients and
porewater velocities, both updip (Guelph, Cambrian) and downdip (Salina A1 Upper Carbonate), are reproduced, and
provide the modelling results.
Context:
The lateral “no-flow” boundary conditions imposed on the regional hydrogeologic model preclude influx across the
western boundary and updip flow from the Michigan Basin in the high-permeability Niagaran and Cambrian Formations,
despite observations to the contrary at the Bruce site (DGR-TR-2011-24, Table 4.16, p.291). Horizontal advective mass
transport in these units cannot be considered negligible with respect to vertical diffusive transport in the intervening
Ordovician Formations.
OPG Response:
The sensitivity of predicted groundwater system behaviour, in particular, performance measures (i.e., groundwater
velocity, mean life expectancy (MLE), Péclet number) to assumed hydrogeologic lateral boundary conditions was
assessed by Sykes et al. (2011, Sections 4.4 and 7.2.2). The assessment included the sensitivity simulations that
explored groundwater system response to ‘open’ lateral boundary conditions under base case and paleohydrogeologic
scenarios (Sykes et al. 2011; simulation fr-base-hbc, Section 4.4.4; simulation fr-base-paleo-open-bnd, Section 5.6.10).
The assessment provides evidence that the assumed lateral boundary conditions do not materially influence the diffusion
dominant mass transport within the hosting and confining Ordovician bedrock formations.
With respect to the confined and saline Salina A1 Upper Carbonate, Guelph (Niagaran) and Cambrian aquifers that
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bound the Ordovician sediments, precise numerical estimates of regional hydraulic gradients and advective flow rates
will be influenced by a number of factors. These include: i) regional bedrock hydrostratigraphy; ii) regional groundwater
salinity distributions; iii) regional aquifer and aquitard hydraulic conductivity distributions; and iv) paleo influences (e.g.,
the hydro-mechanical influence of glacial ice-sheet advance and retreat across the domain). As these regional data do
not exist, the manipulation of regional lateral boundary conditions alone will not yield non-unique or materially improved
results at the scale of the Bruce nuclear site. In this circumstance, several precautionary points are noteworthy with
regard to the occurrence, relevance and treatment of advective horizontal groundwater flow in the bounding confined
aquifers.
•

Park et al. (2009) show that for increasing total dissolved solids (TDS) concentrations with depth, there can be a
static brine region because the surface driving forces cannot lift the brine located at depth. Within this region the
groundwater is essentially stagnant. Over the entire Michigan Basin, the gravitational driving force imposed by
topography is minimal; the gradients attributed to the gravitational driving force are larger in the regional-scale
domain, as determined by the elevation difference between the Niagara Escarpment and Lake Huron, than they
are across the Michigan Basin (Lake Michigan and Lake Huron have the same elevation). From this
perspective, the results of the regional-scale model can be deemed to be conservative.

•

The Niagaran Group has been characterized sufficiently such that the sub- and outcrop portions of the units are
included in the regional-scale domain. While the Guelph (Niagaran Group) has been truncated to the south by
the selection of the regional-scale domain, the units of the group become deeper south of the regional domain
and potential paths in a southward direction to the biosphere are significantly longer than those estimated by the
analyses of this study.

•

The Cambrian sandstones and carbonates are absent over the Algonquin Arch while the unit thickens and
deepens both to the west and to the south; the Cambrian outcrop is north of the regional-scale domain. A MLE
of 44 Ma (million years) was predicted in the assessment of the lateral boundary condition (Sykes et al. 2011;
Section 4.4.4). The extension of the regional-scale domain to include the Cambrian outcrop would result in a
longer flow path and hence a longer MLE; the analysis presented in Section 4.4.4, which includes permeable
pathways to the biosphere at the domain boundary for both the Niagaran Group and the Cambrian, is thus
conservative.

•

The paleohydrogeologic analysis of Sykes et al. (2011, Section 5.6.10) investigated the role of open or freely
draining lateral boundaries for high conductivity units such as the A1 Carbonate, Niagaran Group, and the
Cambrian Formation. The approach applied a specified head boundary condition equal to the initial condition for
the entire 120,000 years for select lateral boundary nodes. The tracer distribution for the analysis is
undifferentiated from that of the base-case paleohydrogeologic simulation.

•

For the postclosure safety assessment, site-scale numerical models were developed based on the Descriptive
Geosphere Site Model (DGSM) (INTERA 2011). These numerical models covered different vertical extents,
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depending on the purpose of the model, but included explicit discretization of all relevant formations. In
particular, those models that extended through the Silurian sediments explicitly included the confined Guelph
and Salina A1 Upper Carbonate aquifer. In many of the postclosure analyses, no horizontal gradients were
included within the Guelph and Salina A1 Upper Carbonate formations, which maximized the potential impacts at
the peak dose location directly above the repository. However the importance of horizontal gradients within
these formations was specifically assessed in the Normal Evolution Horizontal Gradient case (NE-HG). The
impacts of this gradient on groundwater flow and solute transport are discussed in Section 5.4 of the
Groundwater Modelling report (GEOFIRMA 2011). The implications on postclosure safety are summarized in
Section 7.3.2.9 of the Postclosure Safety Assessment report (QUINTESSA et al. 2011). These results confirm
that the dose consequences remain low whether or not advective transport within the Guelph and A1 Upper
Carbonate are included, and that it is conservative to ignore this transport for estimating peak dose
consequences.
The assessment approach above provides a reasoned basis to understand the limited role of the confined Salina A1
Upper Carbonate, Guelph and Cambrian aquifers on the long-term performance and safety of the proposed DGR. In this
circumstance, further refinement of the regional scale groundwater numerical model to improve predictions at the DGR
site scale is not considered of consequence to DGR long-term performance.
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
Park, Y-J., E.A. Sudicky and J.F. Sykes. 2009. Effects of shield brine on the safe disposal of waste in deep geologic
environments. Advances in Water Resources 32, 1352–1358.
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25
R000. Toronto, Canada. (CEAA Registry Doc #300)
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Information Request:
Explain and justify why the conceptual model of solute transport that is described in Sudicky and Frind (WRR, 18(6),
1634-1642, 1982), featuring horizontal advective-dispersive transport along high-conductivity layers with diffusive vertical
transport into adjacent low-conductivity “matrix” formations, was not used.
Context:
Given that significant horizontal advective-dominated transport of tracers is occurring in the permeable Salina Upper A1
Carbonate, Guelph and Cambrian units, as well as in the Devonian, the proponent’s purely 1D conceptualization of the
tracer transport problem is questionable. In particular, the model ignores lateral mass fluxes in the intermediate and deep
groundwater systems at the Bruce site.
OPG Response:
As part of Geosynthesis activities, the numerical code MIN3P was used to perform one-dimensional (vertical) numerical
simulations of mass transport within the near horizontally layered sedimentary sequence. In particular, the simulations
were performed to explore whether observed vertical distributions of 18O and Cl within Ordovician and lower Silurian
formation porewaters could be ascribed to diffusion processes occurring on geologic time scales (i.e., 300 million years).
The conceptual and numerical models, including a description of model justification, properties, boundary conditions,
porewater compositions and results, is documented in NWMO (2011; Sections 4.5.1, 4.5.2 and 4.5.3). The conceptual
model of mass transport described by Sudicky and Frind (1982), which includes advective-diffusive mass transport in
fractured porous media, was not used in this specific case because the analysis assumed that mass transport in the lowpermeability bedrock was entirely diffusion dominated. The numerical modelling was not intended to be unique, but
rather was intended to provide a reasoned illustrative test as to the potential role of diffusive processes governing solute
transport within the deep groundwater system. Similar illustrative modelling approaches have been described by
Mazurek (2010) for diffusion dominated sedimentary systems elsewhere. The results of the MIN3P numerical analysis
support the hypothesis that solute transport in the Ordovician sediments is diffusion dominant.
The illustrative numerical modelling, coupled with additional evidence, including: i) the low formation rock mass hydraulic
conductivities estimated during in-situ borehole testing (NWMO 2011; Section 5.2.2); ii) assessment of observed
anomalous under-/over- pressure head conditions with regard to the interpretation of deep groundwater system
properties and stability (NWMO 2011; Section 5.5); iii) the low effective diffusion coefficients for the Ordovician shales
and carbonates (INTERA 2011; Section 4.4); and iv) interpretation of an evaporated seawater origin for Ordovician
sedimentary rock pore fluids (NWMO 2011; Section 4.3.3), provides strong evidence corroborating the results of the
reasoned assessment and the appropriateness of the modelling approach.
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References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc #300)
Mazurek, M. 2010. Far-field process analysis and radionuclide transport modelling in geological repository systems. In:
J. Ahn & M.J. Apted geological repository systems for safe disposal of spent nuclear fuels and radioactive waste.
Woodhead Publishing Series in Energy 9, Woodhead Publishing Ltd., p.222-257.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
Sudicky, E.A. and E.O. Frind. 1982. Contaminant transport in fractured porous media: Analytical solutions for a system
of parallel fractures. Water Resour. Res., 18(3), 1634–1642.

EIS-04-129

 Section 10.1.3,
Groundwater
 Section 11.4.3,
Groundwater

Information Request:
Use a base of the 3D simplified hydrogeologic model lowered to the top of the Precambrian in order to assess lateral
advective radionuclide transport in the Cambrian unit, as was done for the Salina A1 Carbonate and Guelph units in the
NE-HG calculation case, and provide the results.
Context:
Placing the lower boundary of the 3DS model at the top of the Cambrian sandstone effectively precludes consideration of
horizontal advective transport of radionuclides within this unit.
OPG Response:
An assessment of lateral radionuclide and contaminant migration in the Cambrian unit was not performed due to the
depth and regionally confined nature of the aquifer and, because a postclosure analysis of a hypothetical conservative
scenario (described below) estimated the public dose consequence to be many times less than the DGR dose criterion
of 0.3 mSv/a.
The Cambrian unit represents a confined aquifer within the deep groundwater system at the base of the sedimentary
sequence beneath the Bruce nuclear site. The aquifer is saline and non- potable with groundwater Total Dissolved Solid
concentrations of approximately 225 g/L. At a regional scale, the aquifer is not readily accessible: i) it is isolated by the
thick overlying system of Ordovician and Silurian aquitard/aquicludes; ii) the aquifer pinches out several kilometers east
of the Bruce nuclear site; and iii) the nearest Cambrian outcrop is more than 100 km from the DGR site. Multidisciplinary information gathered during site-specific investigations indicates that vertical transmissive connections
between the Cambrian and overlying confined Silurian aquifers (Guelph and Salina A1 upper carbonate) do not exist.
The evidence supporting the above information and isolated nature of the Cambrian aquifer is provided by NWMO (2011;
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Sections 2.2, 2.3, 4.4, 5.2, 5.4, and 8).
To assess the dose consequence of radionuclide and contaminant migration from the DGR into the Cambrian aquifer, a
postclosure analysis was completed. The analysis considered the hypothetical situation of drinking the groundwater
within the Cambrian directly beneath the DGR (QUINTESSA et. al. 2011; Section 7.1.2). Although the groundwater
within the Cambrian is not potable or readily accessible, the estimated peak hypothetical dose is about 0.002 mSv/a at
1.5 million years. This estimate is approximately 100 times less than the DGR public dose criterion of 0.3 mSv/a.
Lateral advective or diffusive migration within the Cambrian aquifer would lead to lower predicted dose consequences.
Given the strength of evidence supporting the hydrogeologic isolation of the Cambrian unit and the above predicted
postclosure dose consequence, further assessment of lateral migration within the Cambrian is not considered necessary
as it does not materially change the DGR Safety Case.
References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc #300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd, Geofirma Engineering
Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-25.
Toronto, Canada. (CEAA Registry Doc# 300)

EIS-04-134

 Section 11.4.7,
Atmosphere

Information Request:
Provide additional information regarding emissions from the ventilation exhaust system.
The following information is required:
 plans to monitor emissions from this source;
 mitigation measures to ensure that emissions do not exceed air quality standards or objectives under normal
operation; and
 details of the ventilation design that would prevent the capture of exhaust air by intake fans.
Context:
Emissions may occur from the repository ventilation system during the construction phase and operating phase of the
repository. Insufficient information has been provided to characterize these emissions.
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OPG Response:
Emissions
Emissions (conventional) during the site preparation and construction, and operations phases are provided in GOLDER
(2011, Tables 8.2.3-2 and 8.2.2-3). These tables include shaft/vent raise emissions.
The Preliminary Safety Report (OPG 2011, Table 7-10) provides information on maximum estimated airborne releases
(radionuclides) during normal operations of the DGR. There will be no radioactive waste present during the site
preparation and construction phase.
Air Monitoring
OPG’s response to Information Requests LPSC-01-23 and LPSC-01-24 (OPG 2012) provides information on monitoring
of underground air.
OPG’s submission to the Joint Review Panel included an EA Follow-up Monitoring Program (NWMO 2011) that provides
additional detail on monitoring programs. The monitoring program proposed, as described in the report, will be assessed
annually.
With respect to non-radiological emissions, Activities C-EMP-ATM2 through ATM4 in Table 4a (NWMO 2011) identify air
quality monitoring that would occur during underground construction. Monitoring proposed includes:




carbon monoxide (CO), nitrogen dioxide (NO2) and airflow at the intake at the main shaft and at underground
locations;
methane and hydrogen at underground locations; and
temperature and humidity at the intake at the main shaft and at underground locations.

Table 4b (NWMO 2011) includes Activities O-EMP-ATM2 through ATM4, which identify continuation of the air quality
monitoring during the operations phase:




CO, NO2 and airflow at the intake at the main shaft and at underground locations;
methane and hydrogen at underground locations; and
temperature and humidity at the intake at the main shaft and at underground locations.

All of the aforementioned air quality parameters will be monitored at a single location upstream of the main underground
exhaust fans. Temperature, CO and airflow will be monitored at backend of active emplacement rooms where ventilation
air exhausts into return air tunnels.
OPG, in its submission indicated that a Certificate of Approval (now called an Environmental Compliance Approval) is
expected to be required for the ventilation exhaust during the site preparation and construction, and operations phases of
the project. The Environmental Compliance Approval may indicate additional or alternate monitoring requirements.
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Activity C-REG-ATM2 in Table 6 (NWMO 2011) identifies monitoring of vent exhaust air consistent with the requirements
of the approval.
With respect to radiological emissions, monitoring is described in Tables 5a and 5b (NWMO 2011). Activity C-LIC-RAD1
indicates monitoring of radon during underground construction. Activity O-LIC-RAD1 describes air monitoring during the
operations phase including:



monitoring of underground air for radon, based on results of construction phase monitoring; and
monitoring of underground ventilation exhaust for tritium, particulate and carbon-14.

Mitigation
In-design mitigation measures, those that are integral to the design and implementation of the Project Works and
Activities, are described in Section 8.2.2 and Table 8.2.2-1 of the Atmospheric Environment TSD (GOLDER 2011). In
the event that air emissions are routinely approaching limits for air quality parameters, mitigation could include, as
appropriate:





replacing equipment with equipment that meets higher emission standards, for example replacing equipment
that meets Tier 2 standards with equipment that meets Tier 3 standards;
reducing the operating hours of equipment;
increasing air flow underground; and
stopping underground work and, once workers have left, stopping ventilation until the source of the problem has
been identified and addressed.

Air Recirculation
The underground air intake and exhaust design includes features to minimize air recirculation, as discussed in Section
6.3.8.1 of the Preliminary Safety Report (OPG 2011). These include:





the distance between the air intake and exhaust (note that these are much farther apart than the shafts
themselves);
the alignment of the intake and exhaust taking into consideration the wind directions (the dominant wind
direction in summer is approximately orthogonal to the intake and exhaust, and the dominant wind direction in
winter is from the intake towards the exhaust);
the intake and exhausts are directed away from each other; and
the presence of large intermediate structures, notably the main shaft head frame and the Waste Package
Receiving Building.

Preliminary air dispersion modelling of the site indicates that recirculation would be less than a few percent during
operations even with winds blowing from exhaust towards the intake. It is noted that the intake/exhaust spacing is
consistent with that in several large mines, where recirculation has not been reported to be an issue.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011. EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO DGRTR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report
00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)

EIS-04-136

 Section 11.4.7,
Atmosphere

Information Request:
a) Incorporate air emissions generated from blasting into modelled emissions for various stages of the construction
phase.
b) Clarify whether explosives other than ANFO will be used for blasting, and, if so, under which circumstances. Provide
emission estimates that include both the quantity and type of explosive.
Context:
Environment Canada has suggested that the USEPA’s AP42, Fifth Edition, Volume I document provides emission factors
according to the type of explosives and their uses.
OPG Response:
a)

Air emissions from blasting dust and non-combustive explosives are included in the modelled emissions for the
relevant stages of site preparation and construction for the DGR Project as described below.
GOLDER (2011, Table F4-2, on pp. F-20 through F-26 of Appendix F) lists the assumptions used to calculate the
emissions during the site preparation and construction phase. Within this table (i.e., middle of page F-23), the
assumptions used when calculating both the particulate and gaseous emissions are described, and show that
emissions were calculated using the AP-42 emissions factors as suggested by Environment Canada. Blasting is
listed as part of the “Excavation and Construction of Underground Facilities” Project Works and Activities.
Table B-1, on page B-1 of Appendix B in the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011) describes the Project Works and Activities category within which the listed activities are planned.
However, it does not refer to the stage or stages during the site preparation and construction phase in which the
listed activities will occur. These Project Works and Activities are used throughout the EIS and TSDs for grouping
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and describing the effects of the DGR Project. Table 8.2.3-1 of the Atmospheric Environment TSD (GOLDER
2011) shows that the “Excavation of Shafts” works and activities occur during both Stage 1 and Stage 2 of the site
preparation and construction phase, while the “Construction of Emplacement Rooms” occurs during Stage 3.
Therefore, blasting emissions could be expected to occur during Stages 1, 2 and 3 and were included in the
emissions modelled for the bounding stage, Stage 1.
b)

There will be explosives other than ANFO used in the development of the DGR. Emulsion blends and packaged
products will be used in the shafts and it is expected that emulsion blends will also be used in lateral development.
The types and quantities of explosives will not be determined until the development contractor(s) are identified.
However, information was provided to the Joint Review Panel (see response to undertaking TIS 3 in OPG letter
dated August 15, 2012 [OPG 2012]) that showed a typical shaft round and emplacement room round using both
ANFO and emulsion products. With respect to emission estimates, the assumptions used in the environmental
assessment were conservative and emissions would be expected to be lower with the use of emulsion blends and
packaged products.

References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. Letter from A. Sweetnam to S. Swanson, Deep Geologic Repository Project for Low and Intermediate
Level Waste – Responses to Undertakings from Technical Information Session #1, CD#: 00216-CORR-00531-00132,
August 15, 2012. (CEAA Registry Doc# 692)
EIS-04-137

 Section 11.2,
Mitigation
Measures

Information Request:
Provide the mitigation plans and Best Management Practices that will be implemented to minimize effects to air quality.
Mitigation plans should include site specific design elements, operating practices, specific technologies, products and
equipment that will be applied to prevent or control emissions. These plans should also identify any measuring,
monitoring and record keeping that will take place over the course of the Project.
The Air Quality in-design mitigation shown in Table 7.7.2-1 should include more details and specific information on:
 Objectives to be achieved through air quality mitigation measures;
 Listing of methods to be applied and the conditions that trigger mitigation measures; and
 Record keeping to demonstrate adoption of actions.
Explain how a 75% reduction of particulate matter will be achieved by watering unpaved areas during construction.
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Context:
During site preparation and construction, potential air quality effects have been identified. Various measures can be
implemented to reduce dust and particulate emissions/formation from site preparation/construction activities, including
those from machinery/vehicles.
Environment Canada has recommended that the Best Management Practices outlined in the following document be
implemented as a component of these mitigation plans:


“Best Practices for the Reduction of Air Emissions from Construction and Demolition Activities” prepared for
Environment Canada by Cheminfo Services (March 2005).

OPG Response:
The DGR Project site is enclosed within the Bruce nuclear site, an industrial operation. The nearest off-site receptor is
located approximately 2 km from the edge of the Project boundary.
The primary sources that may contribute to effects to air quality (fugitive dust emissions) during the site preparation and
construction phase include:








vehicle movement on roads (road dust);
material (rock) handling;
material (rock) storage;
clearing and grubbing;
drilling and blasting activity;
cement batch plant; and
vehicle exhaust.

OPG’s objectives to be achieved through air quality mitigation measures are:




minimize nuisance effects at air quality receptor locations;
minimize effects to sensitive non-human biota; and
no visible dust plume.

Site activities will be planned and organized to minimize dust emissions. Best management practices which can be used
to address fugitive emissions and contribute to meeting these objectives include physical controls, procedural controls
and reactive controls. Administrative controls will be in place at all times; hence, no trigger is provided. Physical controls
are also considered to be normal operating practice. A trigger is provided for reactive measures which would be put in
place as needed.
The Best management practices will be finalized after detailed construction design is complete but may include the
practices listed in Table 1.
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Table 1: Proposed Mitigation Measures for Dust and Particulate Emissions during Site Preparation
and Construction Phase
Source

Vehicle
movement on
untreated
roads (road
dust)

Administrative
Controls
Establish and enforce
speed limits for truck
and personnel traffic

Physical Controls

Reactive Controls
Control

Trigger

Maintain trucks/vehicles clean
Use large volume trucks to reduce
number of hauls
Roads will be watered daily except
during frozen conditions
Improve road surfaces (addition of
large size material or paving where
practical)
Road watering and sweeping

Increase frequency
of road watering
Use chemical dust
suppressants on
frequently used,
unpaved roads

Complaints
received
Results of air
monitoring show
consistently higher
than average
results

Material (rock)
handling

–

Minimize drop heights
Use larger trucks to reduce number
of hauls
Rock coming from underground will
have water content (approximately
5% to 7%)

Limit material
transfer during high
wind conditions,
where practical

Observed dust
emissions at higher
rate or more
frequently

Material (rock)
storage

–

Establish berms and plant trees
surrounding waste rock
management area as vegetative
wind break
Configure storage pile to minimize
wind erosion
Overburden, dolostone and shale
containing fine material, if stored
on-site for more than one year, will
be covered with soil and vegetated

Selective watering
of waste rock pile,
as required

Complaints
received
Results of air
monitoring
approach limits
Observed dust
emissions at higher
rate or more
frequently

Clear the site in phases
Improve surface as soon as
possible after clearing

Stop clearing and
grubbing if resulting
in significant dust
emissions

Observed dust
emissions at higher
rate or more
frequently

Water spray for near surface
excavation

Increased water
spray

Observed dust
emissions at higher

Clearing and
grubbing

Drilling for
shaft

Prohibit burning of
cleared material

–
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excavation

rate or more
frequently
Complaints
received

Blasting for
shaft
excavation

–

Where practical blast areas will be
tamped to reduce dust

Reduce charge size

Cement batch
plant

–

The cement batch plant will be
constructed for the DGR Project
and will include dust management
technologies

–

–

Vehicles will be maintained in good
running condition including
maintaining engines, exhaust
systems, catalytic converters

–

–

Vehicle
exhaust

Vehicles on-site will
meet minimum Tier 2
standards
Idle time will be
minimized
Require use of low
sulphur diesel

Table 4c (NWMO 2011) provides a checklist of activities that will be included in monitoring and recorded. An
Environmental Management Program will be in place for the design and construction phase of the DGR Project. This
program will include procedures documenting required inspections, frequency of inspections, and processes for
recording results of inspections.
Table 3a (NWMO 2011) outlines the atmospheric monitoring program that will be conducted during site preparation and
construction. PM10 and PM2.5 will be monitored continuously during the first year of construction, with continuation of the
program being re-evaluated at that time. Daily inspections for dust emissions will be completed at shafts and access
roads within the Waste Rock Management Area. An annual EA Follow-up Monitoring Report will be prepared and will
include the results of the atmospheric monitoring program.
Nuisance complaints due to fugitive source emissions will be recorded along with the corrective/preventive action taken
and the response.
NWMO and OPG are certified to ISO 14001 Environmental Management System. This registration, which requires that
programs are in place to prevent pollution and an annual internal environmental management system audit and external
registration/maintenance audit, will provide assurance that programs are implemented for the monitoring and reporting of
dust emissions from the site preparation and construction phase of the DGR Project.

Page 27 of 73

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 #4 Information Requests”, CD#: 00216-CORR-00531-00138

IR#

EIS Guidelines
Section

Information Request and Response
Assessment of Fugitive Dust from Unpaved Roadways
As part of the environmental assessment, unpaved roadway segments were assessed based on the type of roadway and
traffic data. Chapter 13.2.1 of the AP-42 Emission Factor (U.S. EPA 1995) emission estimation equations was used for
fugitive road dust from paved and unpaved roads. These emission estimates are conservative and will significantly
overestimate emissions from facility roadways for the following reasons:


The U.S. EPA AP-42 equations were developed from measured emissions from public roadways and as a result
will tend to over-estimate low speed vehicle traffic from construction sites.



All roadways are modelled assuming simultaneous and continuous use; this situation cannot occur in reality as
the same trucks drive over multiple road segments sequentially.



The assumed silt loading used to calculate emission rates are based on the typical expected from a construction
site (see response to Information Request EIS-04-148) (Section 13.2.2 of AP-42 [U.S. EPA 1995]). As the best
management practices outlined above are revised through continuous improvements, the emissions from the onsite roadways are likely to decrease.

The AERMOD dispersion model was used to predict emissions from the site preparation and construction phase,
including emissions from on-site construction roads. The parameters that were required for modelling include the
locations of the roadway segments, base elevations, effective heights of the emissions, and the initial plume size in the
lateral and vertical directions. It is recognized that this modelling approach will result in higher predicted concentrations
close to the roadways than actual values for the following reasons:


The layout of the Facility is such that many roads are located in areas where there are large structures
(buildings, equipment and other physical obstructions such as waste rock piles) located between the roads and
the property line. These structures physically block the transport of dust off-site. There has been extensive
research on the estimation of the “transportable fraction” of fugitive dust, based on different urban settings.
Recent research by the U.S. EPA (U.S. EPA 2005) provides ranges of “capture fraction” (i.e., percentage of dust
captured by structures and consequently not transported off-site) for various land use types. For an urban
setting, with structures ranging from 5 to 50 m in height, the estimated range of capture fraction is 25% to 75%.



The model has not been run to account for deposition. AERMOD has the capability to account for various
mechanisms including wet and dry deposition, and chemical transformation of substances that would reduce
ground level concentrations at points of interest. However, the deposition and chemical transformation
algorithms were not implemented in this assessment. There has been extensive research on the estimation of
the “transportable fraction” of fugitive dust from roadways. A study done by the Desert Research Institute in
Nevada showed a large (i.e., greater than 90%) decrease in dust concentration within 100 m of an unpaved road
(Watson and Chow 2000). A value of 75% reduction has been suggested beyond 50 m for unpaved roadway
emissions. This value would increase at greater distances.
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When the roads are wet or snow-covered, the emissions will be reduced or eliminated. AERMOD has the
capacity to have a variable emission rate that could account for actual meteorological conditions; however, the
work to set up such a variable emission rate would be significant. Review of historical normals for the Wiarton
meteorological station found that on average there are 183 days with measurable precipitation (greater than
0.2 mm) and 115 days with greater than 1 cm of snow on the ground. Therefore, roads can be considered wet
or snow covered for a significant portion of the year.

Despite the limitations of the emission rate estimates and dispersion modelling they are the best estimates available.
The above noted biases and emission estimates are cumulative, that is to say they would work together to reduce
emissions and the reductions should be multiplied to estimate a total reduction. To account for the above biases in both
the emission estimates and the model itself, a conservative correction factor to reduce the emissions by 75% was
incorporated into the emission rates; in reality the natural reduction would be higher.
In addition, the best management practices outlined above will further reduce emissions; specifically watering will be
used on dry days to decrease emissions from roads.
References:
Environmental Protection Agency (U.S. EPA). 1995. Compilation of Air Pollutant Emission Factors. Volume 1:
Stationary Point and Area Sources. Document AP-42 (and updates). U.S. EPA, Office of Air Quality Planning and
Standards. Research Triangle Park, North Carolina.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
U.S. EPA. 2005. Methodology to Estimate the Transportable Fraction (TF) of Fugitive Dust Emissions for Regional and
Urban Scale Air Quality Analyses. (8/3/2005 Revision).
Watson, J.G. and J.C. Chow. 2000. Reconciling Urban Fugitive Dust Emissions Inventory and Ambient Source
Contributions Estimates: Summary of Current Knowledge and Needed Research. Desert Research Institute. Reno,
Nevada.
EIS-04-138

 Section 11.4.7,
Atmosphere

Information Request:
Provide the rationale for not including other relevant substances such as VOCs (benzene, formaldehyde, acetaldehyde,
acrolein, acetone, 1, 3-butadiene) and PAHs as air quality indicators for assessment of the Project.
Maximum ground level concentrations for the above substances must be predicted for at least the bounding stage
(identified as Stage 1) and, where applicable, be compared with ambient air quality criteria (which should also include
comparisons to the 24 hour criteria).
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Context:
VOCs and PAHs are particularly relevant to the assessment of the site preparation and construction phase, considering
the length of that phase (5-7 years), and that this is the bounding case when emissions are highest from mobile sources,
blasting and other construction activities.
Note: EIS 01-09 requested baseline information on acrolein.
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011) focused on the components that have the greatest relevance in
terms of value and sensitivity, and which are likely to be affected by the project. In keeping with the EIS Guidelines, the
following list of indicators considered to be of greatest relevance with respect to assessing the effects of the project on
air quality were identified (Table 4.2.1 1, on page 31 of the Atmospheric Environment Technical Support Document
[TSD]):













1-hour NO2;
24-hour NO2;
Annual NO2;
1-hour SO2;
24-hour SO2;
Annual SO2;
1-hour CO;
8-hour CO;
24-hour SPM;
Annual SPM;
24-hour PM10; and
24-hour PM2.5.

The rationale for selection of each of these indicators is provided in Section 4.2.1, on pages 30 to 33 of the Atmospheric
Environment TSD (GOLDER 2011), and can be summarized as follows:


Indicator compounds were selected where applicable ambient air quality criteria that have been developed within
this country for assessing cumulative air quality were available. Those criteria must be regularly applied for
assessing the types of sources associated with the activities of all phases of the DGR Project (e.g., criteria would
be excluded if they are not regularly applied for assessing construction sources).



Indicator compounds were selected if there was a reasonable expectation that the project would result in readily
measurable amounts of a compound.
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As described at the top of page 32 in the Atmospheric Environment TSD, only non-radiological compounds were
considered in the Atmospheric Environment TSD. Radiological releases through all media, including air, have been
assessed in the Radiation and Radioactivity TSD. In addition, compounds that will not be emitted from the DGR Project
were not used as indicators, even if they are relevant with respect to the ongoing operations at the Bruce nuclear site.
Finally, the Atmospheric Environment TSD does identify that there are a number of other compounds that may be
emitted in trace or small amounts from the activities associated with the DGR Project that are important from their
perspective of affecting human or ecological health. Because of the low levels of emission of these compounds, they
were not considered particularly useful as air quality indicators. The one exception is sulphur dioxide (SO2) that is
emitted from the DGR Project in small amounts, even during the site preparation and construction phase (see the
response to Information Request (IR) EIS-04-140). This was retained as an indicator compound given the general
perception of its relevance, as confirmed by IR-EIS-04-140.
However, air emissions of all compounds, even those emitted in small quantities from the DGR Project and not selected
as air indicators, were considered important as inputs to the human health assessment and predicted maximum
concentrations of the following compounds were included in Appendix J to the Atmospheric Environment TSD:


carbon monoxide (CO);



nitrogen dioxide (NO2);



sulphur dioxide (SO2);



fine particulates (i.e., PM10 and PM2.5);





volatile organic compounds including:
o acetaldehyde;
o acetone;
o acrolein;
o benzene;
o ethylbenzene;
o formaldehyde;
o toluene; and
o xylenes.
carcinogenic polycyclic aromatic hydrocarbons (PAHs);



non-carcinogenic PAHs;



naphthalene;



selected metals, including:
o aluminum;
o cadmium;
o chromium;
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o
o

lead; and
zinc.

Table 1 contrasts the Stage 1 of the site preparation and construction phase emissions of the indicator compounds to the
other compounds for which concentrations were predicted, but were not selected to use as indicators when assigning
significance for residual adverse effects with respect to air quality.
The dispersion models have been run to predict the maximum off-site concentrations for those compounds that are
potentially emitted from the Project Works and Activities, but were not selected as indicator compounds for assessing
whether the DGR Project will cause a significant adverse effect to air quality. It should be noted that the Atmospheric
Environment TSD did include predicted concentrations at the six human health receptors for these “non-indicator” air
compounds (see the attachment to Appendix J of the Atmospheric Environment TSD). The following three tables
(Tables 2, 3 and 4) present the maximum modelled concentrations for the existing conditions, the site preparation and
construction phase, and the operations phase, respectively.
For context, Table 5 (below) has been provided listing the available Ontario Ambient Air Quality Criteria (AAQC) values
(MOE 2008) for those compounds that are potentially emitted from the Project Works and Activities, but were not
selected as indicator compounds.
Table 1: Stage 1 Site Preparation and Construction Phase Emission Inventory

Type of Emission and Compound

Indicator
Compounds

VOCs

Site
Preparation
and
Construction
of Surface
Facilities

Daily Emissions (kg/d)
Excavation
Site Support
Workers,
and
Services
Payroll and
Construction
Purchasing
of
Underground
Facilities

Total (for
Stage 1 of Site
Preparation
and
Construction)

NOX

105.451

117.050

0.000

20.975

243.476

SO2

0.208

0.233

0.000

0.047

0.488

CO

66.842

79.896

0.000

21.828

168.566

SPM

148.733

56.260

0.000

2.268

207.261

PM10

31.267

17.001

0.000

1.005

49.273

PM2.5

18.996

12.556

0.000

0.749

32.301

acetaldehyde

2.875

3.191

0.000

0.678

6.744

acetone

1.513

1.680

0.000

0.357

3.550
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PAHs

Metals

acrolein

0.234

0.260

0.000

0.055

0.549

benzene

0.188

0.209

0.000

0.044

0.442

ethylbenzene

0.032

0.036

0.000

0.008

0.076

formaldehyde

1.534

1.703

0.000

0.362

3.598

Toluene

0.274

0.304

0.000

0.065

0.642

Xylenes
carcinogenic
PAHs
non-carcinogenic
PAHs
Naphthalene

0.217

0.241

0.000

0.051

0.510

0.000

0.000

0.000

0.000

0.000

0.002

0.003

0.000

0.000

0.005

0.001

0.001

0.000

0.000

0.002

Aluminum

0.001

0.001

0.000

0.000

0.002

Cadmium

0.001

0.001

0.000

0.000

0.002

Chromium

0.001

0.001

0.000

0.000

0.002

Lead

0.001

0.001

0.000

0.000

0.002

Zinc

0.001

0.001

0.000

0.000

0.002

NOTE: The emissions presented in the above table represent the emissions from Stage 1 of the site preparation and
construction phase only. The above numbers do not include the emissions from existing sources at the Bruce nuclear site.
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Table 2: Maximum Non-Indicator Concentrations – Existing Conditions
Type of Emission and Compound

VOCs

PAHs

Metals

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

27.539

4.097

0.382

acetone

14.494

2.157

0.201

acrolein

2.240

0.333

0.031

benzene

1.805

0.269

0.025

ethylbenzene

0.310

0.046

0.004

formaldehyde

14.692

2.186

0.204

Toluene

2.622

0.390

0.036

Xylenes

2.082

0.310

0.029

carcinogenic PAHs

0.000

0.000

0.000

non-carcinogenic PAHs

0.011

0.002

0.000

Naphthalene

0.005

0.001

0.000

Aluminum

0.017

0.002

0.000

Cadmium

0.013

0.002

0.000

Chromium

0.002

0.000

0.000

Lead

0.002

0.000

0.000

Zinc

0.015

0.002

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site only.
Background concentrations have not been added to the modelled values.
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Table 3: Maximum Non-Indicator Concentrations – Site Preparation and Construction Phase
Type of Emission and Compound

VOCs

PAHs

Metals

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

76.124

9.638

0.652

acetone

40.065

5.073

0.343

acrolein

6.192

0.784

0.053

benzene

4.990

0.632

0.043

ethylbenzene

0.856

0.108

0.007

formaldehyde

40.612

5.142

0.348

Toluene

7.248

0.918

0.062

Xylenes

5.755

0.729

0.049

carcinogenic PAHs

0.001

0.000

0.000

non-carcinogenic PAHs

0.051

0.006

0.000

Naphthalene

0.025

0.003

0.000

Aluminum

0.076

0.009

0.000

Cadmium

0.057

0.007

0.000

Chromium

0.010

0.001

0.000

Lead

0.010

0.001

0.000

Zinc

0.067

0.008

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site and the
emissions from Stage 1 of the site preparation and construction phase. Background concentrations have not been added to
the modelled values.
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Table 4: Maximum Non-Indicator Concentrations – Operations Phase
Type of Emission and Compound

VOCs

PAHs

Metals

Maximum Modelled Concentration (µg/m³)
1-hour

24-hour

Annual

acetaldehyde

30.030

4.194

0.400

acetone

15.805

2.207

0.211

acrolein

2.443

0.341

0.033

benzene

1.968

0.275

0.026

ethylbenzene

0.338

0.047

0.004

formaldehyde

16.021

2.237

0.213

Toluene

2.859

0.399

0.038

Xylenes

2.270

0.317

0.030

carcinogenic PAHs

0.000

0.000

0.000

non-carcinogenic PAHs

0.011

0.002

0.000

Naphthalene

0.005

0.001

0.000

Aluminum

0.017

0.002

0.000

Cadmium

0.013

0.002

0.000

Chromium

0.002

0.000

0.000

Lead

0.002

0.000

0.000

Zinc

0.015

0.002

0.000

NOTE: The numbers in the above table include the modelled contribution of existing sources at the Bruce nuclear site and
the emissions from the operations phase. Background concentrations have not been added to the modelled values.
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Table 5: Ontario Ambient Air Quality Criteria (AAQC) for Non-Indicator Compounds
Type of Emission and Compound

VOCs

PAHs

Metals

Available Ontario Ambient Air Quality Criteria (AAQC)
Values (µg/m³)
1-hour
24-hour
Annual

acetaldehyde

—

500

—

acetone

—

11,880

—

acrolein

—

0.4

—

benzene

—

2.3

0.45

ethylbenzene

—

1,000

—

formaldehyde

—

65

—

Toluene

—

2,000

—

Xylenes

—

730

—

carcinogenic PAHs

—

—

—

non-carcinogenic PAHs

—

—

—

Naphthalene

—

22.5

—

Aluminum

—

—

—

Cadmium

—

0.025

0.005

Chromium

—

0.5

—

Lead

—

0.5

—

Zinc

—

120

—

References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
Ministry of the Environment (MOE). 2008. Ontario's Ambient Air Quality Criteria. Standards Development Branch. PIBS
#6570e.
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 Section 11.4.7,
Atmosphere

Information Request and Response
Information Request:
Provide detailed sample calculations for the NOx daily emission rate (243.5 kg/d) that was used as input to the dispersion
model for the Stage 1 bounding case.
Provide and support all assumptions made and references used to calculate the emission rate for each component (e.g.
shafts 31.91 kg/d, vehicles 5.25 kg/d and site equipment 206.31 kg/d). Use sample calculations similar to those provided
in Appendix F.
Context:
The sample calculations that have been provided in Appendix F are mainly for mobile sources for particulate matter.
These do not adequately outline the calculation of all emissions that contribute to the 243.5 kg/d emission rate (cited in
Table 8.2.3-1 of the AETSD). It is important to show how the NOx emissions were calculated and combined as a total,
since this is the input for the dispersion model.
OPG Response:
Table 8.2.3-1 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, p.109) provides a
summary of the site preparation and construction phase emissions used in the dispersion modelling. A listing of all
assumptions and equations used to calculate the emissions during Stage 1 of the site preparation and construction
phase was provided in Table F4-2 (GOLDER 2011, pp. F-20 through F-26). The way in which these emissions were
used in the dispersion model was described in Table F.4.4.1-1 (point sources), Table F.4.4.1-2 (volume sources), and
Table F.4.4.1-3 (area sources) (GOLDER 2011).
The emissions in Table F4-2 (GOLDER 2011, p. F-20) groups the activities contributing to the emissions into the
following four broad categories:





site preparation and construction of surface facilities;
excavation and construction of underground facilities;
site support activities; and
workers, payroll and purchasing.

Table 1 below provides a summary of the modeled emissions for Stage 1 of the site preparation and construction phase,
grouped by the above categories.
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Table 1: Stage 1 Site Preparation and Construction Phase Emissions
Emissions Category from Table F4-2

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

105.5

0.2

66.8

148.7

31.3

19.0

117.0

0.2

79.9

56.3

17.0

12.6

Site Support Services

0.0

0.0

0.0

0.0

0.0

0.0

Workers, Payroll and Purchasing

21.0

0.0

21.8

2.3

1.0

0.7

Total (corresponds with Table 8.2.3-1)

243.5

0.5

168.6

207.3

49.3

32.3

Site Preparation and Construction of Surface
Facilities
Excavation and Construction of Underground
Facilities

The following example calculation illustrates the assumptions presented in Table F4-2 (GOLDER 2011, p. F-20). The
calculations have been completed for the first activity listed in Table F4-2 (GOLDER 2011), specifically, the emissions
associated with the “Articulated Trucks (Cat 730) Storm Water – Exhaust”.
The starting point for the calculations is the data presented in Table F4-2 (GOLDER 2011), the relevant excerpt from
which is replicated below.
Table F4-2: Site Preparation and Construction Phase Air Quality Emissions Assumptions
Equipment/
Process

Capacity

Capacity
Unit

Base
Quantity

Base
Quanity
Units

Hours of
Operation

Emission
Factor /
Calculation
Source

1

U.S. EPA
Emissions
Standards
(Tier 2)

Site Preparation and Construction of Surface Facilities
Articulated
Trucks (Cat
730) Storm
WaterExhaust

475

hp per
vehicle

2

vehicles
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The following equation was used to calculate the exhaust emissions:
ER

Std

Hp

Hrs

LF

N

where:
ER

= emission rate;

Std

= the appropriate emission factor (see Table 2 below);

Hp

= rated vehicle horsepower;

Hrs

= the gross operating hours daily;

LF

= engine load factor (the U.S. EPA [2010] recommends 59% as the upper load factor for combustion
ignition engine equipment); and

N

= number of vehicles.

The U.S. EPA Tier 2 standards were identified in Table F4-2 (GOLDER 2011), and represent the emission standards
used in calculating the emissions for non-road vehicles. These standards match the standards that apply in Canada
(Government of Canada 2004), which has harmonized its non-road diesel emission standards to match those adopted in
the United States, with some differences with respect to the phase-in periods of when vehicles need to comply with the
standards (Dieselnet 2012). Vehicles manufactured and sold in the United States after 2001 were required to meet the
Tier 2 standards, while Canada required compliance by 2006. By 2008, Canada required non-road vehicles to meet the
more stringent Tier 3 standards where applicable. The most stringent Tier 4 standards are being phased in on a
comparable schedule between 2008 and 2015 in both Canada and the United States. The Tier 2 standards, which are
listed in Table 2, were felt to be a conservative estimate of the emissions standards that would be met by all equipment
used during the site preparation and construction phase.

Page 40 of 73

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 #4 Information Requests”, CD#: 00216-CORR-00531-00138

IR#

EIS Guidelines
Section

Information Request and Response
Table 2: Tier 2 Standards
Rating, hp

Tier 2 Standard (g/hp-hr)
NMHC+NOX

NOX (a)

CO

PM

<11

5.60

4.90

6.00

0.60

11-25

5.60

4.90

4.90

0.60

25-50

5.60

4.90

4.10

0.45

50-75

5.60

4.90

3.70

0.30

75-100

5.60

4.90

3.70

0.30

100-175

4.90

4.29

3.70

0.22

175-300

4.90

4.29

2.60

0.15

300-600

4.80

4.20

2.60

0.15

600-750

4.80

4.20

2.60

0.15

NOTE: (a) The emission factor for NOX was calculated as 87.5% of the combined
NMHC+NOX standard.

The NOX emissions for the “Articulated Trucks (Cat 730) Storm Water – Exhaust” are as follows;
ER=4.20

g
hr
1 kg
kg
× 475 Hp × 1 × 0.6 × 2 vehicles ×
= 2.394
Hp × hr
d
1000 g
d

It should be noted that the above source was included erroneously in two separate areas; therefore, the dispersion
modelling includes twice the emissions from this source as part of the predictions.
To further provide details related to the emissions used in the dispersion modelling for Stage 1 of the site preparation
and construction phase, the following four tables (Tables 3 to 6) list the emissions by individual source for each of the
broad emissions categories.
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Table 3: Emissions from Site Preparation and Construction of Surface Facilities
Daily Emissions (kg/d)
Site Preparation and Construction of Surface Facilities
NOX

SO2

CO

SPM

PM10

PM2.5

4.79

0.01

2.96

0.17

0.17

0.17

Articulated Trucks (Cat 730) Storm Water - Paved Road Dust

—

—

—

0.01

0.00

0.00

Articulated Trucks (Cat 730) Storm Water - Unpaved Road
Dust

—

—

—

0.52

0.15

0.01

Bulldozer (Cat D9T WH) Road Construction - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Road Construction - Fugitive

—

—

—

14.38

2.71

1.51

Bulldozer (Cat D9T WH) Storm Water - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Storm Water - Fugitive

—

—

—

14.38

2.71

1.51

Compactors (Cat CS-683) Road Construction - Exhaust

3.56

0.01

3.07

0.18

0.18

0.18

Excavator (Cat 340D) Storm Water - Exhaust

8.06

0.02

4.99

0.29

0.29

0.29

Excavator (Cat 340D) Storm Water - Fugitive

—

—

—

14.38

2.71

1.51

Pavers (Cat BG-240C) Road Construction - Exhaust

3.15

0.01

2.72

0.16

0.16

0.16

Bulldozer (Cat D9T WH) Land Clearance - Exhaust

8.27

0.02

5.12

0.30

0.30

0.30

Bulldozer (Cat D9T WH) Land Clearance - Fugitive

—

—

—

14.38

2.71

1.51

Excavator (Cat 340D) Land Clearance - Exhaust

8.06

0.02

4.99

0.29

0.29

0.29

Excavator (Cat 340D) Land Clearance - Fugitive

—

—

—

14.38

2.71

1.51

Feller Buncher (Cat 522) Land Clearance - Exhaust

5.84

0.01

3.54

0.20

0.20

0.20

Front End Loader (Cat 988H) - Exhaust

30.30

0.06

18.76

1.08

1.08

1.08

Front End Loader (Cat 988H) - Fugitive

—

—

—

43.14

8.13

4.53

12.10

0.02

7.49

0.43

0.43

0.43

Articulated Trucks (Cat 730) Storm Water - Exhaust (a)

Motor Grader (CAT 140) - Exhaust
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Motor Grader (CAT 140) - Fugitive
Articulated Trucks (Cat 730) Land Clearance - Exhaust

(a)

Articulated Trucks (Cat 730) Land Clearance - Paved Road
Dust
Articulated Trucks (Cat 730) Land Clearance - Unpaved Road
Dust
TOTAL

—

—

—

28.76

5.42

3.02

4.79

0.01

2.96

0.17

0.17

0.17

—

—

—

0.01

0.00

0.00

—

—

—

0.52

0.15

0.01

105.45

0.21

66.84

148.73

31.27

19.00

NOTE: (a) These emissions sources were included as part of two separate areas in the dispersion modelling. Therefore the
emissions are double the values that would be calculated using the assumptions and equations referenced in Table F4-2 of
Appendix F to the Atmospheric Environment TSD.

Table 4: Emissions from Excavation and Construction of Underground Facilities
Excavation and Construction of Underground Facilities
Articulated Trucks (Cat 730) Re-used Material Transfer Exhaust
Articulated Trucks (Cat 730) Re-used Material Transfer Unpaved Road Dust
Batch Plant
Blast - Dust

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

38.304

0.076

23.712

1.368

1.368

1.368

—

—

—

11.122

3.178

0.318

—

—

—

11.367

4.475

4.475

—

—

—

0.049

0.026

0.001

Blast - Non Combustive Explosives
Bulldozer (Cat D9T WH) Waste Rock Pile Construction Exhaust
Explosives carrier/loader - Exhaust

0.022

0.003

0.092

—

—

—

16.531

0.033

10.234

0.590

0.590

0.590

0.434

0.001

0.328

0.027

0.027

0.027

Front End Loader (Cat 988H) Waste Rock Pile - Exhaust

20.200

0.040

12.505

0.721

0.721

0.721

Jumbo Atlas Copco Boomer E3 C - Exhaust

—

—

—

—

—

—

Jumbo Atlas Copco Boomer E3 C - Drilling

—

—

—

0.000

0.000

0.000

10.100

0.020

6.252

0.361

0.361

0.361

—

—

—

—

—

—

—

—

—

—

—

—

Loader (Cat 988H) - batch plant - exhaust
Loader (CAT R1600G - 227-4704) - (Underground
Construction) - Exhaust
Mine Trucks (CAT AD30-246-0789) (Underground
Construction) - Exhaust
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Mobile Bolting Unit (Underground Construction) - Exhaust

3.469

0.007

2.620

0.212

0.212

0.212

Mobile Work Stage (Underground Construction) - Exhaust

—

—

—

—

—

—

0.000

0.000

0.000

0.000

0.000

0.000

—

—

—

0.000

0.000

0.000

—

—

—

—

—

—

Shotcrete Transmixer - Exhaust

13.994

0.027

12.077

0.718

0.718

0.718

Sprayer - Exhaust

13.994

0.027

12.077

0.718

0.718

0.718

—

—

—

29.006

4.606

3.046

117.05

0.23

79.90

56.26

17.00

12.56

Motor Grader (CAT 140) - Exhaust

(a)

Motor Grader (CAT 140) - Fugitive (dust emissions)

(a)

Personnel Carrier (Underground Construction) - Exhaust

Waste Rock Pile - Front End Loader, Bulldozer - Fugitive
TOTAL

NOTE: (a) These emissions sources appeared erroneously in two separate categories in Table F4-2 of Appendix F to the
Atmospheric Environment TSD.

Table 5: Normal Daily Emissions from Site Support Services
Site Support Services
Diesel Generator (3,500 kW) Back up - Construction - Exhaust
TOTAL

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

—

—

—

—

—

—

0.00

0.00

0.00

0.00

0.00

0.00

NOTE: (a) The backup diesel generator would not be used during normal construction activities, but would only be relied on
during an accident or malfunction.
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Table 6: Emissions from Workers, Payroll and Purchasing
Workers, Payroll and Purchasing
Heavy Vehicles - DGR Construction (Main Gate) Paved Road Dust
Heavy Vehicles - DGR Construction (Main Gate)
Exhaust
Vehicles - DGR Construction and Support Workers
(Main Gate) Exhaust
Vehicles - DGR Construction and Support Workers
(Main Gate) Road Dust
TOTAL

Daily Emissions (kg/d)
NOX

SO2

CO

SPM

PM10

PM2.5

—

—

—

0.051

0.008

0.000

20.513

0.041

12.698

0.733

0.733

0.733

0.462

0.006

9.129

0.023

0.023

0.010

—

—

—

1.461

0.241

0.006

20.98

0.05

21.83

2.27

1.00

0.75

References:
Dieselnet. 2012. Dieselnet website describing the Canadian emission limits for non-road diesel vehicles
(http://www.dieselnet.com/standards/ca/nonroad.php), accessed on July 28, 2012.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Government of Canada. 2004. The “Off-Road Compression-Ignition Engine Emission Regulations”, published in the
Canadian Gazette Volume 138, Number 19.
United States Environmental Protection Agency (U.S. EPA). 2010. Median Life, Annual Activity, and Load Factor
Values for Nonroad Engine Emissions Modeling. Report No. NR-005d.
EIS-04-140

 Section 11.4.7,
Atmosphere

Information Request:
Clarify the sulphur content used for fuel and the rationale for SO2 concentrations remaining unchanged during the
construction phase as compared to baseline.
Context:
The sulphur content in fuel is a basic parameter that determines SO2 emissions from vehicles/equipment, which is the
basis for SO2 emissions arising from the project. Activities during construction would be expected to increase SO2 levels.
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OPG Response:
The existing daily emissions from activities at the Bruce nuclear site are listed in Table 5.4.2-1 of the Atmospheric
Environment Technical Support Document (TSD) (GOLDER 2011). The table shows that existing SO2 emissions from
Bruce Power are 5,921.84 kg/d, while the existing SO2 emissions from the Western Waste Management Facility
(WWMF) are 1.73 kg/d. The majority of the emissions from Bruce Power are associated with the three steam boilers,
with a smaller amount associated with the standby generators. The detailed emissions and characteristics of these
existing SO2 emission sources can be found in Table F4.4.1-1, on pages F-41 and F-42 in Appendix F to the
Atmospheric Environment TSD (GOLDER 2011).
Table 8.2.3-1 of the Atmospheric Environment TSD (GOLDER 2011) shows that the SO2 emissions during site
preparation and construction phase of the DGR Project are estimated to range between 0.3 and 0.6 kg/d. The
combustion of diesel fuel in the vehicles and equipment was the source of SO2 emissions from the DGR Project during
the site preparation and construction phase, with the emissions calculated using a fuel sulphur content of 15 ppm on a
weight basis (0.0015%). A fuel sulphur content of 15 ppm (on a weight basis) is the current maximum allowable sulphur
content allowed in diesel fuel in Canada (Environment Canada 2012).
The existing sources at the Bruce nuclear site emit far more SO2 emissions than the activities associated with site
preparation and construction phase of the DGR Project. Specifically, the site preparation and construction phase of the
DGR Project would represent an increase in SO2 emissions at the Bruce nuclear site of between 0.005% and 0.010%.
Given the small change in emissions, there was no noticeable change in the predicted maximum SO2 concentrations
(GOLDER 2011, Table 8.2.3-6) resulting from the site preparation and construction of the DGR Project.
References:
Environment Canada. 2012. Environment Canada website describing the allowable limits on fuel sulphur contents
(http://www.ec.gc.ca/energie-energy/default.asp?lang=En&n=7A8F92ED-1), accessed on July 27, 2012.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-04-141

 Section 11.4.7,
Atmosphere

Information Request:
Provide a figure, showing maximum construction phase concentrations (i.e. bounding case) for indicator compounds
(from Table 8.2.3-6, AETSD) and other contaminants (to be predicted as requested in IR EIS 04-138) in the Local Study
Area.
Provide the distance to the nearest human receptor in km relative to the location of maximum ground level concentration.
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Context:
A visual representation of the requested information is important to understanding air quality effects.
OPG Response:
The dispersion modelling results presented in the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011), represent the maximum predicted off-site concentrations for each of the indicator compounds. The
maximum predicted concentrations resulting from Stage 1 (the bounding case for emissions) of the site preparation and
construction phase are presented in GOLDER (2011, Table 8.2.3-4). These predicted maximums occur at different
receptors, depending on the compound and averaging period as shown in the following table. Table 1, below, also
shows the distances (in kilometres) from the predicted location of the off-site maximums to the human receptor locations
used in the human health assessment (GOLDER 2011, Figure J1.1-1).
Table 1: Location of Maximum Site Preparation and Construction Predictions — Indicator Compounds
Location of Maximum

Distance to Health Receptors (km)

Modelled
Maximum
(µg/m³)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

24-hour SO2

42.1

451,691.2

4,906,294.8

2.7

5.1

4.5

1.0

12.8

1.5

24-hour NO2

129.3

8-hour CO

649.8

452,353.9

4,906,438.0

2.2

4.5

3.8

1.1

12.3

0.9

24-hour SPM

224.8

24-hour PM10

52.7

452,441.4

4,906,430.1

2.1

4.5

3.7

1.1

12.3

0.8

24-hour PM2.5

32.1

Annual SO2

1.4

453,564.2

4,906,354.1

1.4

3.7

2.6

1.8

11.7

0.5

Annual NO2

13.1

Annual SPM

7.7

454,394.7

4,907,337.1

2.3

2.4

1.8

3.0

10.4

1.4

455,337.5

4,907,776.7

3.0

1.6

1.2

4.0

9.5

2.4

462,892.5

4,905,231.7

8.8

8.1

6.9

10.8

11.3

9.8

Compound

1-hour NO2

308.6

1-hour CO

1,687.7

1-hour SO2

308.4
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The following three tables (Tables 2, 3 and 4) provide the locations of the respective 1-hour, 24-hour and annual
maximum predicted concentrations during the site preparations and construction phase for the non-indicator compounds
(see response to Information Request EIS-04-138).
Table 2: Location of Maximum Site Preparation and Construction Predictions — 1-hour Non-Indicator Compounds
Compound

Modelled
Maximum
(µg/m³)

1-hour acetaldehyde

76.124

1-hour acetone

40.065

1-hour acrolein

6.192

1-hour benzene

4.990

1-hour ethylbenzene

0.856

1-hour formaldehyde

40.612

1-hour Toluene

7.248

1-hour Xylenes
1-hour carcinogenic
PAHs
1-hour noncarcinogenic PAHs
1-hour Naphthalene

5.755

1-hour Aluminum

0.076

1-hour Cadmium

0.057

1-hour Chromium

0.010

1-hour Lead

0.010

1-hour Zinc

0.067

0.001

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

455,337.5

4,907,776.7

3.0

1.6

1.2

4.0

9.5

2.4

0.051
0.025
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Table 3: Location of Maximum Site Preparation and Construction Predictions — 24-hour Non-Indicator Compounds
Compound

Modelled
Maximum
(µg/m³)

24-hour acetaldehyde

9.638

24-hour acetone

5.073

24-hour acrolein

0.784

24-hour benzene

0.632

24-hour ethylbenzene

0.108

24-hour formaldehyde

5.142

24-hour Toluene

0.918

24-hour Xylenes
24-hour carcinogenic
PAHs
24-hour noncarcinogenic PAHs
24-hour Naphthalene

0.729

24-hour Aluminum

0.009

24-hour Cadmium

0.007

24-hour Chromium

0.001

24-hour Lead

0.001

24-hour Zinc

0.008

0.000

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

452,353.9

4,906,438.0

2.2

4.5

3.8

1.1

12.3

0.9

0.006
0.003
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Table 4: Location of Maximum Site Preparation and Construction Predictions — Annual Non-Indicator Compounds

Compound

Modelled
Maximum
(µg/m³)

Annual acetaldehyde

0.652

Annual acetone

0.343

Annual acrolein

0.053

Annual benzene

0.043

Annual ethylbenzene

0.007

Annual formaldehyde

0.348

Annual Toluene

0.062

Annual Xylenes
Annual carcinogenic
PAHs
Annual noncarcinogenic PAHs
Annual Naphthalene

0.049

Annual Aluminum

0.000

Annual Cadmium

0.000

Annual Chromium

0.000

Annual Lead

0.000

Annual Zinc

0.000

Location of Maximum

Distance to Health Receptors (km)

Easting

Northing

HH1

HH2

HH3

HH4

HH5

HH6

454,394.7

4,907,337.1

2.3

2.4

1.8

3.0

10.4

1.4

454,330.5

4,907,260.5

2.2

2.5

1.9

2.9

10.5

1.3

0.000
0.000
0.000

As requested, the locations of the maximum predicted concentrations during Stage 1 (the bounding case) of the site
preparation and construction phase are provided graphically in Figure 1 (enclosed).
Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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Information Request:
Clarify and justify which phase of the construction air emissions modelling includes the air emissions from the concrete
batch plant.
Context:
Table B1 (Appendix B, AETSD) states that the concrete batch plant would be established during construction of surface
facilities (Stage 1), whereas Table F4-2 (Appendix F, AETSD) suggests that air emissions from the batch plant are
occurring during excavation and construction of underground facilities (Stage 2,3). The distinction is important since
Stage 1 is the bounding case (i.e. highest emissions). Incorporation of batch plant emissions in Stage 1 will result in
higher emissions of indicator compounds than what is currently shown in the AESTD report.
OPG Response:
The air emissions associated with the concrete batch plant were included as part of the dispersion modelling for Stage 1
of the site preparation and construction phase presented in the Atmospheric Environment Technical Support Document
(TSD) (GOLDER 2011). The concrete batch plant is explicitly shown in:



Table F4.4.2-1, on p.F-44 in Appendix F of the TSD, which summarizes the emission rates associated with each
source included in the modelling of the site preparation and construction phase; and
Table F4-2, on p.F-23 in Appendix F of the TSD, which summarizes the assumptions for each source used in the
air quality assessment during the site preparation and construction phase.

Both of the above tables present sources associated with Stage 1.
Table B-1 of Appendix B to the Atmospheric Environment TSD (GOLDER 2011) provides the Basis for the EA. It
provides more detail associated with each identified category of Project Works and Activities. These Project Works and
Activities are used throughout the Environmental Impact Statement and TSDs for grouping and describing the effects of
the DGR Project. The table does not refer to the stage or stages during the site preparation and construction phase
when the listed activities will occur. More than one Project Work and Activity often occur during one stage.
To facilitate the categorization of emissions, the Project Work and Activity “Excavation and Construction of Underground
Facilities” was further split into “Excavation of Shafts” and “Construction of Underground Facilities”. Table 8.2.3-1 of
GOLDER (2011) shows that Stage 1 of the site preparation and construction phase includes the “Site Preparation”,
“Construction of Surface Facilities”, and “Excavation of Shafts” Project Works and Activities.
The air emissions of indicator compounds shown for the site preparation and construction phase in the Atmospheric
Environment TSD are not underestimated because the emissions associated with the concrete batch plant were included
as part of the inputs to the dispersion modelling.
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Reference:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)

EIS-04-144

 Section 11.4.9,
Effects of the
Environment on
the Project

Information Request:
Provide updated calculations regarding change per decade for future temperature and precipitation.
Include most recent climate data for the decade interval 2001-2011 that utilizes (units/decade) measurements for
parameters such as temperature and precipitation trend information in generating potential climate change predictions.
Context:
The calculations in the report on the basis of change per decade for future temperature and precipitation are not correct.
In the report, four time periods were considered: 1971–2000 for the baseline period, 2011–2040, 2041–2070, and 2071–
2100 for three future periods. The calculation for future relative change during the first future period (2011–2040) from
the baseline (1971– 2000) should be the difference divided by the number of decades between the center years of two
periods. The number of decades for this case is 4; however, 5 was used in the report. Similarly, for other two future
periods, the corresponding number of decades is 7 and 10 rather than 8 and 11 used in the report, respectively.
Under the EIS Guidelines, “the proponent must consider the current baseline environment and environmental trends
within the study areas.” (S. 9.2, p. 29). The EIS document states that “The climate of an area is described using normals
… averages … over a 30 year period (the latest accepted normal period is from 1971 to 2000) … reliance is shifting to
global climate models …” In the trend modelling descriptions provided in Tables 7.14-1 and 7.14-2, climate behaviour is
shown in terms of (units/decade) up to the year 2000, and then is forecasted beyond that only for the period 2011-2040.
The interval period between 2001 and 2011 (most recent decade) is that which best demonstrates current changes in
climate that can be expected to continue into the future, and which therefore should bear closer observation.
No climate information for the single most recent decade (2001-2011) has been compiled and presented in the EIS for
the purpose of climate modeling and effects prediction. This decade interval is likely the most observed and measured
one in terms of monitoring of climate data, and should thus be included in climate effects prediction modeling even
though it does not comply with the typical “normals” time frame.
OPG Response:
Section D.3 (GOLDER 2011, p. D-31) provides a summary of the historic and future climate trends to be used as the
basis for the assessment. A more thorough discussion on future climate change estimates is presented in Section D2.3
(GOLDER 2011, p. D-11). In calculating the decadal changes for the future climate presented in Tables D2.3.3-1 and
D2.3.3-2 Tables D2.3.3-3 and D2.3.3-4, Tables D2.3.3-5 and D2.3.3-6, Tables D2.3.3-7 and D2.3.3-8, and Tables
D2.3.3-9 and D2.3.3-10, (GOLDER 2011), the incorrect baseline period was used. The formulas for calculating the
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decadal trends were based on the 1961 to 1990 baseline period used in the Intergovernmental Panel on Climate Change
(IPCC) Second Assessment Report (SAR: IPCC, 1995) as well as the Third Assessment Report (TAR: IPCC, 2001).
Appendix D correctly uses the 1971 to 2000 period as baseline, which is consistent with the current Environmental
Canada normals period (ENVIRONMENT CANADA 2007) and the baseline for the Fourth Assessment Report (AR4:
IPCC, 2007). However, the formulas used for calculating decadal trends were not updated. Tables 1 through 10 provide
revised decadal calculations using the appropriate baseline period from 1971 to 2000.
The new calculations are presented in the following table. This error has no effect on the conclusions that were reached.
Table 1: An Update to Table D2.3.3-1: Forecast Annual Temperature Trends

8.803

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
10.306
+0.38

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
11.470
+0.38

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
11.005
+0.22

SR-A2

8.803

10.304

+0.38

11.379

+0.37

13.076

+0.43

SR-B1

8.803

8.803

+0.00

9.983

+0.17

11.348

+0.25

1PT04x

8.803

14.056

+1.31

14.084

+0.75

14.453

+0.56

1PT02x

8.803

10.806

+0.50

10.609

+0.26

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
Table 2: An Update to Table D2.3.3-2: Forecast Annual Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.391
+0.8%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.523
+1.3%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.667
+1.5%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.313

SR-A2

2.313

2.428

+1.2%

2.471

+1.0%

2.637

+1.4%

SR-B1

2.313

2.313

+0.0%

2.380

+0.4%

2.391

+0.3%

1PT04x

2.313

2.726

+4.5%

2.700

+2.4%

2.885

+2.5%

1PT02x

2.313

2.540

+2.5%

2.516

+1.3%

—

—

Note:
— Forecasts not available
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Table 3: An Update to Table D2.3.3-3: Forecast Winter Temperature Trends

-0.117

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
1.456
+0.39

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
2.667
+0.40

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
2.171
+0.23

SR-A2

-0.117

1.322

+0.36

2.363

+0.35

3.909

+0.40

SR-B1

-0.117

-0.117

+0.00

1.150

+0.18

2.459

+0.26

1PT04x

-0.117

4.855

+1.24

4.897

+0.72

5.352

+0.55

1PT02x

-0.117

2.011

+0.53

1.715

+0.26

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
Table 4: An Update to Table D2.3.3-4: Forecast Winter Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.381
+1.6%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.691
+2.9%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.746
+2.3%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.241

SR-A2

2.241

2.390

+1.7%

2.592

+2.2%

2.720

+2.1%

SR-B1

2.241

2.241

+0.0%

2.193

-0.3%

2.332

+0.4%

1PT04x

2.241

3.059

+9.1%

2.794

+3.5%

3.060

+3.7%

1PT02x

2.241

2.472

+2.6%

2.564

+2.1%

—

—

Note:
— Forecasts not available
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Table 5: An Update to Table D2.3.3-5: Forecast Spring Temperature Trends

4.298

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
6.026
+0.43

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
7.147
+0.41

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
6.436
+0.21

SR-A2

4.298

6.090

+0.45

6.968

+0.38

8.781

+0.45

SR-B1

4.298

4.298

+0.00

5.439

+0.16

6.787

+0.25

1PT04x

4.298

9.748

+1.36

9.815

+0.79

10.277

+0.60

1PT02x

4.298

6.524

+0.56

6.035

+0.25

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
Table 6: An Update to Table D2.3.3-6: Forecast Spring Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.722
+1.7%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.975
+2.4%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
3.074
+2.1%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.547

SR-A2

2.547

2.890

+3.4%

2.828

+1.6%

3.272

+2.8%

SR-B1

2.547

2.547

+0.0%

2.674

+0.7%

2.674

+0.5%

1PT04x

2.547

3.234

+6.7%

3.102

+3.1%

3.683

+4.5%

1PT02x

2.547

2.996

+4.4%

2.696

+0.8%

—

—

Note:
— Forecasts not available
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Table 7: An Update to Table D2.3.3-7: Forecast Summer Temperature Trends

18.220

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
19.858
+0.41

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
20.928
+0.39

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
20.513
+0.23

SR-A2

18.220

19.772

+0.39

20.937

+0.39

22.690

+0.45

SR-B1

18.220

18.220

+0.00

19.540

+0.19

20.781

+0.26

1PT04x

18.220

23.727

+1.38

23.753

+0.79

23.989

+0.58

1PT02x

18.220

20.252

+0.51

19.456

+0.18

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
Table 8: An Update to Table D2.3.3-8: Forecast Summer Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
1.940
-2.2%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
1.946
-1.2%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
1.970
-0.8%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.130

SR-A2

2.130

1.936

-2.3%

1.817

-2.1%

1.890

-1.1%

SR-B1

2.130

2.130

+0.0%

1.894

-1.6%

1.873

-1.2%

1PT04x

2.130

1.768

-4.2%

2.058

-0.5%

1.987

-0.7%

1PT02x

2.130

1.996

-1.6%

1.968

-1.1%

—

—

Note:
— Forecasts not available
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Table 9: An Update to Table D2.3.3-9: Forecast Fall Temperature Trends

12.811

2011-2040 Forecast
Value
Trend
(°C)
(°C/decade)
13.886
+0.27

2041-2070 Forecast
Value
Trend
(°C)
(°C/decade)
15.138
+0.33

2071-2100 Forecast
Value
Trend
(°C)
(°C/decade)
14.898
+0.21

SR-A2

12.811

14.030

+0.30

15.247

+0.35

16.924

+0.41

SR-B1

12.811

12.811

+0.00

13.801

+0.14

15.364

+0.26

1PT04x

12.811

17.894

+1.27

17.870

+0.72

18.194

+0.54

1PT02x

12.811

14.437

+0.41

13.815

+0.14

—

—

Scenario

1971-2000
Baseline
(°C)

SR-A1b

Note:
— Forecasts not available
Table 10: An Update to Table D2.3.3-10: Forecast Fall Precipitation Trends
2011-2040 Forecast
Value
Trend
(mm/h)
(%/decade)
2.522
+2.0%

2041-2070 Forecast
Value
Trend
(mm/h)
(%/decade)
2.479
+0.9%

2071-2100 Forecast
Value
Trend
(mm/h)
(%/decade)
2.877
+2.3%

Scenario

1971-2000
Baseline
(mm/h)

SR-A1b

2.335

SR-A2

2.335

2.495

+1.7%

2.648

+1.9%

2.666

+1.4%

SR-B1

2.335

2.335

+0.0%

2.760

+2.6%

2.685

+1.5%

1PT04x

2.335

2.842

+5.4%

2.849

+3.1%

2.809

+2.0%

1PT02x

2.335

2.697

+3.9%

2.500

+1.0%

—

—

Note:
— Forecasts not available
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The climate data presented in Tables 7.14.1-1 and 7.14.1-2 (OPG 2011) and Tables in D3-1 and D3-2 (GOLDER 2011)
present the same data. These tables show the climate normals and historic per decade trends for the period from 1971
through 2000, for temperature and precipitation, respectively. The tables also show the respective forecast temperature
and precipitation trends for three separate time horizons, namely 2011 to 2040, 2041 to 2070, and 2071 to 2100. The
most recent decade for which climate observation data are available covers the period from 2001 to 2010 (2001 to 2011
is a period of 11 years). This data was not presented in the Environmental Impact Statement (EIS) (OPG 2011) or
Appendix D (GOLDER 2011) as it is not the accepted Environment Canada climate normals period (ENVIRONMENT
CANADA 2007), nor is it the baseline used by the IPCC in the Fourth Assessment Report (AR4: IPCC 2007) when
looking at climate trends and observations. Tables 11 and 12 present the updated information using the corrected
forecast trends.
Table 11: An Update to Table D3-1: Historic and Future Temperature Trends
Season

1971-2000
Normals
(°C)

Annual

6.1

19712000
Trend
(°C/
decade)
+0.31

2011-2040 Forecast
(°C/decade)

2041-2070 Forecast
(°C/decade)

2071-2100 Forecast
(°C/decade)

Spring

4.5

+0.50

+0.00

+0.56

+1.36

+0.16

+0.40

+0.79

+0.21

+0.38

+0.60

Summer

17.4

+0.26

+0.00

+0.54

+1.38

+0.18

+0.39

+0.79

+0.23

+0.38

+0.58

Low

Average

High

Low

Average

High

Low

Average

High

+0.00

+0.51

+1.31

+0.17

+0.39

+0.75

+0.22

+0.37

+0.56

Fall

8.3

+0.05

+0.00

+0.45

+1.27

+0.14

+0.34

+0.72

+0.21

+0.35

+0.54

Winter

-5.7

+0.68

+0.00

+0.51

+1.24

+0.18

+0.38

+0.72

+0.23

+0.36

+0.55

Note: The low and high data correspond to the forecasts for the scenario with the smallest and largest respective changes in temperature for each forecast horizon.
The average represents the arithmetic average of the available forecasts.
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Table 12: An Update to Table D3-2: Historic and Future Precipitation Trends
Season

19712000
Normals
(mm)

Annual

1,041.3

19712000
Trend
(mm/
decade)
+0.13%

2011-2040 Forecast
(%/decade)

2041-2070 Forecast
(%/decade)

2071-2100 Forecast
(%/decade)

+0.0%

+1.8%

+4.5%

+0.4%

+1.3%

+2.4%

+0.3%

+1.4%

+2.5%

Spring

216.8

+3.23%

+0.0%

+3.2%

+6.7%

+0.7%

+1.7%

+3.1%

+0.5%

+2.5%

+4.5%

Summer

230.8

-0.51%

-4.2%

-2.1%

+0.0%

-2.1%

-1.3%

-0.5%

-1.2%

-0.9%

-0.7%

Fall

310.9

+4.41%

+0.0%

+2.6%

+5.4%

+0.9%

+1.9%

+3.1%

+1.4%

+1.8%

+2.3%

Winter

282.8

-4.65%

+0.0%

+3.0%

+9.1%

-0.3%

+2.1%

+3.5%

+0.4%

+2.1%

+3.7%

Low

Average

High

Low

Average

High

Low

Average

High

Note: The low and high data correspond to the forecasts for the scenario with the smallest and largest respective changes in temperature for each forecast horizon.
The average represents the arithmetic average of the available forecasts.

Table 13 provides the historic trends in temperature for the accepted Environment Canada normals period, and IPCC
baseline period of 1971 to 2000, as well as for the period that incorporates the latest decade of available historic climate
data (i.e., 1971 to 2010). The trends in climate during any individual decade can vary, therefore IPCC recommends
using a full 30 years of data when looking at both historic and forecast climate trends. Notwithstanding the limitations at
looking at individual decades, the following table also presents the historic trends for each of the four decades during the
period from 1971 through 2010. When the additional decade (2001 to 2010) of climate data are added from 1971 to
2000, the trends in temperatures are statistically significant for all seasons as well as for the annual data. In addition, the
annual and summer trends increase slightly from those predicted for the 1971 to 2000 period. In contrast, the winter and
spring trends show a slight decrease from those predicted for the 1971 to 2000 period. Finally, there is an appreciable
increase in the upward trend of fall temperatures. On a decade by decade basis, there are noticeable changes from one
decade to the next confirming the validity of the IPCC position that at least 30 years of data should be used when looking
at climate trends. For example, the 1971 to 1980 decade showed a downward trend annually as did the most recent
decade from 2001 to 2010. In contrast, the decades from 1981 to 1990 and 1991 to 2000 showed warming trends
annually.
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Table 13: Additional Analyses of Historic Temperature Trends
Period

1971 to
2000

1971 to
2010

1971 to
1980

1981 to
1990

1991 to
2000

2001 to
2010

Mean Daily Temperature (°C)
Annual

Winter

Spring

Summer

Fall

Trend
[°/decade]

+0.31

+0.68

+0.50

+0.26

+0.05

Significance
Level

Not Statistically
Significant

Significant at the
th
90 %-ile

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+0.34

+0.46

+0.43

+0.29

+0.34

Significance
Level

Significant at the
th
99 %-ile

Significant at the
90th %-ile

Significant at the
95th %-ile

Significant at the
90th %-ile

Significant at the
90th %-ile

Trend
[°/decade]

-1.25

-2.86

+1.79

-0.48

-2.11

Significance
Level

Not Statistically
Significant

Significant at the
th
90 %-ile

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+0.89

+1.80

+1.33

+1.08

-0.62

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

+1.37

+0.92

+1.60

+0.16

+1.80

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Trend
[°/decade]

-0.08

+0.57

+2.21

-0.42

-0.56

Significance
Level

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Table 14 provides the historic trends in precipitation, for the accepted Environment Canada normals period, and IPCC
baseline period of 1971 to 2000, and for the periods that incorporate the latest decade (i.e., 2001 to 2010) of available
historic climate data. In addition, the historic trends for each of the four decades during the period from 1971 through
2010. When the additional decade (2001 to 2010) of climate data are added from 1971 to 2000, the trends in
precipitation suggests a lower decrease in precipitation for winter, spring, summer and for the annual data. The
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precipitation in the fall is projected to increase by a smaller amount than forecast using the 1971 to 2000 data. On a
decade by decade basis, there are substantial differences in the precipitation trends from one decade to the next,
especially on a seasonal basis. This is consistent with the IPCC suggestion that at least 30 years of data should be used
when looking at climate trends.
Table 14: Additional Analyses of Historic Precipitation Trends
Period
1971 to
2000

1971 to
2010

1971 to
1980

1981 to
1990

1991 to
2000

2001 to
2010

Trend
[% /decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level
Trend
[%/decade]
Significance
Level

Annual

Winter

Total Precipitation (mm)
Spring

Summer

Fall

-1.01%

-6.05%

-1.13%

-6.45%

+6.14%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-0.14%

-3.42%

+0.00%

-1.79%

+2.74%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-0.77%

+9.77%

+1.00%

+6.78%

-0.93%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-3.99%

-20.34%

-9.38%

-20.10%

+24.60%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Significant at the
th
95 %-ile

-1.83%

+24.39%

-15.74%

+13.65%

-4.74%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

-1.15%

+30.65%

-14.53%

+23.99%

-36.23%

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

Not Statistically
Significant

With respect to the most recent decade of available historic climate data, the appropriate period would be between 2001
and 2010 (i.e., a 10 year period), rather than 2001 to 2011 (i.e., a 11 year period).
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References:
ENVIRONMENT CANADA. 2007. Canadian Climate or Average Normals, 1971-2000. Accessed on January 18, 2007
from http://climate.weatheroffice.ec.gc.ca/climate_normals/index_e.html.
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
IPCC. 1995. Climate Change 1995: The Second Assessment Report on Climate Change prepared by the International
Panel on Climate Change (IPCC).
IPCC. 2001. Climate Change 2001: Synthesis Report forms the fourth volume of the International Panel on Climate
Change (IPCC) Third Assessment Report, and is composed of the Synthesis Report itself, the Summaries for
Policymakers and Technical Summaries of the three IPCC Working Group volumes, and supporting annexes.
IPCC. 2007. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and
Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA
Registry Doc# 298)

EIS-04-146

 Section 11.1,
Effects Prediction

Information Request:
Provide a clear and complete description of the calculations performed in support of the predictions in Table 7.3.2-2
regarding suspended solids and nitrate concentration in surface water due to atmospheric deposition. Discuss the
uncertainty associated with these calculations.
Context:
The calculations in support of the predictions in Table 7.3.2-2 are not presented in either the EIS or the TSD. The
calculations and uncertainty associated with the calculations are required for the evaluation of the defensibility and
scientific credibility of the assessment of effects on water quality from atmospheric deposition.
OPG Response:
Table 7.3.2-2 on page 7-36 of the Environmental Impact Statement (EIS) (OPG 2011) presents a summary of the
information provided in Section 8.3.4.1, of the Hydrology and Surface Water Quality Technical Support Document (TSD)
(GOLDER 2011b). Table 8.3.4-1 of GOLDER (2011b) shows how the numbers summarized in Table 7.3.2-2 of the EIS
(OPG 2011) were arrived at. In addition, the footnotes to Table 8.3.4-1 of GOLDER (2011b) refer the reader to Section
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G1.3 of GOLDER (2011b) for sample calculations of nutrient concentrations in Stream C. This calculation conservatively
assumes that all of the nitrate deposited in the Stream C watershed would enter Stream C, and none of it would be
retained in the Stream C watershed.
The following provides the calculation of average total suspended solids (TSS) increase for Stream C as a result of the
site preparation and construction phase activities for the DGR Project. The calculation conservatively assumes that all of
the particles deposited in the watershed would enter Stream C, and none of it would be retained in the Stream C
watershed:
114.58

86,400
1,000

814

10,000

840.8

365

18,750

9,900

1,000

18,750

1,000
1,000

9,900

/

1.89

/

/

In the above equation, and the equation presented in Appendix G (GOLDER 2011b), the primary inputs are average
stream flow and deposition rates of suspended particulate matter (SPM) and nitrates, respectively. The total particulate
and nitrate deposition values are taken directly from Table J.1.1.5-1 (GOLDER 2011a). The annual flow for Stream C
comes from Table 5.4.3-2 of GOLDER (2011b).
The bulk of the atmospheric deposition within the Stream C watershed does not fall on the water, but falls on those areas
that will drain to Stream C in the event of rain. The uncertainties with respect to the calculated effects of atmospheric
deposition to the Stream C watershed are tied primarily to the fluctuations in flows and water quality within Stream C
itself. In response to rainfall events, both the flows and the quality of water in Stream C will vary significantly in response
to the weather. For example, flows in Carrick Creek (a tributary of the South Saugeen River) near Carlsruhe can be
expected to increase from baseline conditions of approximately 0.25 m³/s to over 1 m³/s within 10 hours following a
rainfall event (WSC 2012) as shown on the Figure 1. This represents an increase of approximately 300%.
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Figure 1: Carlsruhe Flows
In a similar manner, runoff within the watershed can result in elevated TSS levels, especially if land uses include
agricultural activities. Specific measurements are not available for Stream C; however, Mill Creek (a tributary of the
Saugeen River to the northeast of the DGR Project site) showed variations in response to rainfall from 40 mg/L to
190 g/L (see Figure 2), where baseflow TSS levels were closer to 10 mg/L (MOE 2012).
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Mill Creek Suspended Solids Concentration
Station ID: 08012305602
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Figure 2: Mill Creek Solids Concentration
References:
GOLDER. 2011a. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc#
299)
GOLDER. 2011b. Hydrology and Surface Water Quality Technical Support Document. Golder Associates Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-04 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
Ministry of the Environment (MOE). 2012. Provincial (Stream) Water Quality Monitoring Network. Data downloaded
from http://www.ene.gov.on.ca/environment/en/resources/collection/data_downloads/index.htm
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Environmental Impact
Statement. OPG report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc# 298)
Water Survey of Canada (WSC). 2012. Real-time Hydrometric Data for Carrick Creek
(http://www.wateroffice.ec.gc.ca/graph/graph_e.html?stn=02FC011)

EIS-04-148

 Section 11.4.7,
Atmosphere

Information Request:
Demonstrate how dust generated by the trucking and dumping of waste rock has been incorporated into the air quality
model. Provide the fraction of particle size that can contribute to fugitive dust generation which can be expected in the
various waste rock types.
Context:
In the assessment of air quality no account appears to have been taken of the contribution of trucking and dumping to
the generation of fugitive dust (SPM, P10, P2.5). The capacity to generate dust will be influenced by the fraction of waste
rock that has a particle size amenable for dust generation. To judge the potential for fugitive dust generation, both factors
need consideration.
OPG Response:
The assumptions used when calculating the air emission sources during the site preparation and construction phase are
described in Table F4-2 (pages F 20 through F-26) of the Atmospheric Environment Technical Support Document (TSD)
(GOLDER 2011). The excavation, transport and handling of the waste rock were captured as part of the “Excavation
and Construction of Underground Facilities” Project Work and Activity. The specific processes in Table F4-2 where
these emissions are captured are “Articulated Trucks (Cat 730) Re-used Material Transfer - Unpaved Road Dust” and
“Waste Rock Pile - Front End Loader, Bulldozer – Fugitive”. A sample calculation showing the fugitive dust emissions for
hauling waste rock to the waste rock pile is provided in Section F4.1.1.4 on page F-30 of Appendix F to the TSD. It
should be noted that while the number of vehicles per hour hauling waste rock is correctly listed as 2 V/hr in the sample
calculations, the base quantity in Table F4-2 (the second item in Table F4-2 on page F-23) is incorrectly shown as
5 V/hr. The dispersion model used emissions calculated with the correct number of vehicles, hence the predicted
concentrations do not change.
The following table presents the total SPM, PM10 and PM2.5 emission rates for all of the DGR Project sources during
Stage 1 of the site preparation and construction phase, including the emissions associated with handling and transport of
the waste rock (the totals are as shown in Table 8.2.3-1 on page 109 of the Atmospheric Environment TSD). The table
also shows the emissions associated with the transport of the waste rock (calculated on the basis of the assumptions
listed in Table F4-2 on page F-23 in Appendix F to the Atmospheric Environment TSD, with the correct number of
vehicles as noted above) and the handling and placement of the waste rock (calculated on the basis of the assumptions
listed in the TSD [GOLDER 2011], Table F4-2 on page F-23 in Appendix F).
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Table 1: Particulate Emissions – Stage 1 Site Preparation and Construction Phase
Stage of Site Preparation
and Construction Phase
Stage 1:
Site Preparation,
Construction of Surface
Structures and Excavation
of Shafts

Scenario Totals

Daily Emissions (kg/d)
SPM

PM10

PM2.5

Total
(includes the two scenarios listed below)

207.3

49.3

32.3

Articulated Trucks (Cat 730) Re-used
Material Transfer - Unpaved Road Dust

11.1

3.2

0.3

Waste Rock Pile - Front End Loader,
Bulldozer - Fugitive

29.0

4.6

3.0

As set out in Table F4-2 (GOLDER 2011), the primary reference used in calculating the fugitive dust emissions
associated with the handling and transport of waste rock was the AP-42 document prepared by the U.S. EPA (1995).
Because the AP-42 document (U.S. EPA 1995) does not have specific versions of every emission factors related to
individual rock types, it was assumed that all of the waste rock excavated from the shafts and underground areas would
have the potential to generate fugitive emissions of Suspended Particulate Matter (SPM), PM10 and PM2.5.
The “particle size” of the waste rock is not relevant for use in estimating the fugitive dust generated from the transport
and handling of the waste rock. As discussed in OPG’s response to Information Request LPSC-01-33, the excavated
waste rock is expected to have sizing 305 mm. The relevant information needed when estimating the fugitive dust
emissions is the surface silt loadings on the haul routes, and the effective silt loading of the materials being placed and
handled on the waste rock piles. A sample calculation for fugitive dust emissions from hauling waste rock to the waste
rock pile is provided in Section F4.1.1.4, p. F-30 of the Atmospheric Environment TSD (GOLDER 2011). This calculation
indicates that a surface material silt content of 8.5% was used for the fugitive dust emissions calculations for transporting
the waste rock to the waste rock pile. The 8.5% used is the average for construction sites (Section 13.2.2 of AP-42 [U.S.
EPA 1995]), and is higher than the average silt content for haul roads at stone quarrying, taconite mining or western
surface coal mines. The emission factors for handling the waste rock were based on bulldozing overburden (Section
11.9 of AP-42 [U.S. EPA 1995]), and used a surface silt loading for the waste rock of 3.9%. The silt loading on the haul
routes is expected to be higher as repeated travel is expected to slowly start breaking the large diameter materials used
down. In contrast, the waste rock on the pile will only experience limited travel, associated with the transport and
placement. As the waste rock pile grows, the older materials will be covered by fresh waste rock directly from the
excavation activities.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
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U.S. EPA. 1995. Compilation of Air Pollutant Emission Factors. Volume 1: Stationary Point and Area Sources.
Document AP-42 (and updates). U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards.
Research Triangle Park, North Carolina.

EIS-04-155

 Section 8.2,
Decommissioning

Information Request:
Figure 4.11.4-2 shows the arrangement of shaft seal components. Provide revised illustrations that include the geologic
horizons (formations), their permeabilities, and the shaft seal components. In particular, show detailed diagrams of the
concrete shaft seal zones and their stratigraphic placement. Indicate the location of the anticipated highly-damaged
zones.
Context:
The long-term integrity of the shaft seals is critical to the permanent closure of the DGR. The materials used at various
depths should match the physical and chemical conditions encountered.
OPG Response:
The requested figure is presented below (note that a larger figure is also enclosed with this submission).
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Figure 1: Deep Geologic Repository Shaft Seal and Excavation Damage Zone: Composite plot of:
i) Bruce nuclear site bedrock stratigraphy; ii) DGR shaft seal design and configuration; iii)
estimated excavation damage zone radius; and iv) estimated formation rock mass hydraulic
conductivities.
EIS-04-156

 Section 13.1,
Demonstrating the
Long term Safety

Information Request:
Provide verification that the assumed increase in horizontal stress due to glacial loading on the shaft walls and seals will
approximate 2 MPa, and that this is a conservative estimate.
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Context:
In Section 4.5.4.2 (p.235) where a summary of shaft seal analysis effects of glacial loading, it is stated that: “… each seal
will be subjected to glacial loading with a maximum vertical pressure of about 30 MPa … An assumed horizontal stress
increase of 2 MPa due to bending of the strata was also imposed in the simulation …” Inasmuch as the maximum
principal pre-existing in situ stress is directed horizontally, the determination of additional horizontal stress action is an
important design feature for the analysis of shaft wall damage and seal performance.
OPG Response:
The analysis of the DGR shaft seal as affected by future glaciations is described in detail by ITASCA (2011, Section 4.4).
The prediction of ice-sheet history and loading for the Bruce nuclear site is based on numerical simulations performed
with the University of Toronto Glacial Systems Model as described by Peltier (2011, Section 4). For the purpose of the
shaft analyses the time history for glacial simulation nn9904, which created the maximum vertical loading (30 MPa), was
assumed as the surface boundary condition. In addition, to ice-sheet vertical load, the geomechanical simulations using
the code FLAC3D also incorporated time variant loading effects resulting from: i) the Poisson’s effect; and ii) crustal
flexure (ITASCA 2011, Section 4.4).
The horizontal stress increase due to the Poisson’s effect was estimated using equation 1:
Δsh = (υ/(1- υ)) Δsv
where:

(1)

Δsh is the change in horizontal stress,
Δsv is the change in vertical stress , and
υ is the Poisson’s ratio.

Crustal flexure occurs as a result of vertical crustal displacements and adjustment during ice-sheet advance and retreat
across the site. This creates non-uniform loading and bending within the crust that can increase horizontal stress. The
increase in horizontal stress due to crustal bending was assumed proportional to the increase in vertical stress, with the
maximum increase assumed to be 2 MPa (ITASCA 2011, Section 4.4)
An example calculation for the Queenston Formation illustrates the approach adopted in the numerical simulations. In
the Queenston Formation, with a Poisson’s ratio of 0.3, the horizontal stress increase due to Poisson’s effect is
estimated at approximately 13 MPa. This change coupled with that resulting from crustal flexure (2 MPa) leads to a total
change in horizontal stress resulting from glacial ice-sheet loading of approximately 15 MPa. In this circumstance the
approach of accounting for both the Poisson’s effect and crustal flexure yields a conservative loading condition.
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References:
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Peltier, W.R. 2011. Long-Term Climate Change. Nuclear Waste Management Organization report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-14 R000. Toronto, Canada.
(available at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-04-157

 Section 10.1.3,
Groundwater

Information Request:
Describe the Westbay MP55 casing system and explain why it was chosen. Compare its advantages and limitations to
other state-of-the art techniques and equipment available for the measurement of ground water pressure, composition,
and hydraulic conductivity in low permeability environments.
Context:
The measurement of ground water pressure, compositions, and hydraulic conductivity in low-permeability ('tight') rock
formations presents considerable challenges. Therefore the measuring technique is important.
OPG Response:
The Westbay multi-level MP55 casing systems installed as part of the DGR geoscientific investigations is described in
INTERA (2011, Section 4.12.2). Installation reports for the DGR-series boreholes 1/2/3/4 are documented by Raven and
Gaines (2010) and Sterling et. al. (2011). The Westbay MP casing system allows the multi-level instrumentation of a
borehole for the purpose of physical and chemical hydrogeologic system characterization. The casing system is modular
in design such that multiple hydraulically isolated test intervals can be individually established and adapted to sitespecific hydrogeologic conditions and information needs. Within each packer-isolated test interval, measurements of
formation fluid pressure, as well as groundwater samples, can be obtained. The MP55 system is specifically designed
for use in deep boreholes and has a long track record of use, including applications in seven international geoscience
radioactive waste management programs (NDA 2011).
The selection of the Westbay Multi-level MP system for the DGR project was based on several factors, as described in
INTERA (2006, Section 5.2.6). Those factors are listed below.


Ability to ensure integrity of packer or borehole seals and monitoring system components for monitoring periods
of 5 years in highly saline groundwater conditions.



Ability to monitor casing system integrity and performance, and, if necessary, the retrieval and replacement of
system components.
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Ability to accurately and reliably measure formation pressures in deep, low-permeability, low-storativity, variabledensity groundwater settings with the possible presence of gas.



Ability to collect representative groundwater and dissolved gas samples under in-situ conditions, with minimal
disturbance.



Flexibility in approaches and methods for hydraulic testing.



Ability to obtain the maximum amount of hydrogeologic information from the maximum number of test intervals in
a borehole in a cost-effective manner.



Demonstrated track record and ability to obtain high-quality data with minimal down time and on-going system
maintenance.



Ability to retrieve the multi-level casing system in the event of borehole abandonment.

For the depths of investigation considered by the DGR program, two alternatives for multi-level monitoring casings –
multiple packer-standpipe/tubing systems and Westbay MP casing systems – existed. Multiple packer-standpipe/tubing
systems can be custom assembled or provided from several different manufacturers in several different borehole sizes
and configurations. The major limitation of such systems is the number of intervals that can be created in a single hole,
which is usually limited to 5 to 10 intervals depending upon the size of borehole, types of packers and standpipe/tubing
used.
Westbay multi-level monitoring systems are available in two sizes – MP38 and MP55 systems – and may be installed in
boreholes ranging from 72 to 225 mm diameter. Currently, MP38 systems (installed in the DGR US-series boreholes)
are only manufactured with plastic casing, while MP55 systems can be manufactured with plastic or stainless steel
casing. Plastic systems have proven performance to depths of 1000 m BGS. MP38 systems are commonly installed in
N- and H-size boreholes. MP55 systems are installable in P-size and conventional oil and gas boreholes. Although no
single multi-level casing system is superior on all factors identified above, the Westbay MP system is judged to provide
greater flexibility and more cost-effective and superior quality data, particularly in low-permeability media, than that
available from multiple packer-standpipe/tubing systems. This finding is consistent with a recent review of multi-level
hydrogeologic monitoring systems conducted by the Nuclear Decommissioning Authority (NDA) in the United Kingdom
(NDA 2011). This report includes a detailed assessment and comparison of available multi-level system capabilities and
performance within low-permeability strata. This information further supports the selection of the Westbay MP55 casing
system as a unique and reliable means to instrument the DGR-series deep boreholes.
References:
INTERA. 2006. Geoscientific Site Characterization Plan, OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste. Intera Engineering Ltd. document INTERA 05-220-1, OPG 00216-REP-03902-00002-R00. Ottawa,
Canada. (available at http://www.nwmo.ca/uploads_managed/MediaFiles/545_GeoscientificSiteCharacterizationPlanApril2006.pdf)
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INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NDA (Nuclear Decommissioning Authority). 2011. Measurement of Groundwater Pressure in Low-Permeability Strata
Site Characterization Project Final Report.
Raven, K.G. and S. Gaines. 2010. Westbay MP55 Casing Completions in DGR-1 and DGR-2. Intera Engineering Ltd.
report TR-07-10, Rev. 3. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
Sterling, S., S. Gaines and K.E. Raven. 2011. Westbay MP55 Casing Completions in DGR-2, DGR-3 and DGR-4.
Intera Engineering Ltd. report TR-08-17, Rev. 0. Ottawa, Canada.
(available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)

Enclosed are the following:


Enclosure 1:

Figure 1, Locations of Maximum Concentrations during Site Preparation and Construction – associated with response to
IR EIS-04-141



Enclosure 2:

Figure 1, Deep Geologic Repository Shaft Seal and Excavation Damage Zone: Composite plot of: i) Bruce nuclear site
bedrock stratigraphy; ii) DGR shaft seal design and configuration; iii) estimated excavation damage zone radius; and iv)
estimated formation rock mass hydraulic conductivities – associated with response to IR EIS-04-155
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Figure 1: Deep Geologic Repository Shaft Seal and Excavation Damage Zone: Composite plot of: i) Bruce nuclear site
bedrock stratigraphy; ii) DGR shaft seal design and configuration; iii) estimated excavation damage zone radius; and iv)
estimated formation rock mass hydraulic conductivities

