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OPG Responses to the Second Sub-set of IRs From
Joint Review Panel IR Package #8
This attachment includes responses to the following IRs:
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OPG Responses to the Second Sub-set of IRs from Joint Review Panel IR Package #8
IR#
EIS-08-313

EIS Guidelines
Section
 Section 11,
Effects Prediction
 Section 11.4.4,
Terrestrial
Environment
 Section 11.4.5,
Aquatic
Environment

Information Request and Response
Information Request:
Provide the rationale for the exclusion of tritium in the development of acceptance criteria for the protection of nonhuman biota from potential radiological effects. Where relevant (e.g., the SD-ED scenario), provide additional
information regarding the contribution of tritium to total radioactivity and dose for those intrusion/failure scenarios
assessed in the Preliminary Safety Report.
Context:
There are many references in the Preliminary Safety Report regarding the importance of tritium in the early post-closure
time period. For example, in the description of waste and packages in Section 8.4, the Preliminary Safety Report states
that: “the most important radionuclides at closure are tritium and C-14 due to their early release as gas…”
Table 8.1 lists the radionuclides for which the acceptance criteria based on No-Effect Concentrations were developed. C14 is among these radionuclides but tritium is not. It is understood that the radiation contribution by tritium will become
negligible after a few hundred years, but some of the failure scenarios could occur within that time-frame. For example,
in the SF-ED scenario (Severe Shaft Seal Failure) there is no indication that tritium was considered in the prediction as
to when the maximum dose to surface residents would occur. Rather, the report implies that the radionuclide responsible
for the dose is dominated by C-14 only. In this scenario, it is not clear what effect tritium might have on the total dose to
the surface resident and whether the hydraulic conductivity assumed for the scenario would allow tritium to contaminate
the shallow groundwater within the first few hundred years for it to be an important contributor to dose.
Figure 8-20 indicates that tritium is the dominant radionuclide in the near term post-closure period, so it might indeed be
an important consideration in the SF-ED failure.
OPG Response:
Tritium was included in the postclosure safety assessment for the normal evolution and disruptive scenarios (OPG 2011,
Chapter 8). The maximum incremental calculated tritium concentrations in surface media (well water, irrigated soil,
sediment, and surface water) were calculated. They were all found to be negligible due to radioactive decay within the
DGR, and therefore were not reported in the main reports. In particular, the calculated incremental surface
concentrations were less than 10-7 Bq/L in well and surface water, and less than 10-7 Bq/kg in irrigated soils and
sediments, including the SF-ED scenario. These are orders of magnitude below natural background tritium levels.
This reflects the half-life of tritium and the nature of the repository design. Even though tritium was assumed to be
readily released from waste packages as gas, and even though (for example) severe shaft seal degradation was
assumed to occur at closure, it still takes time for gas pressures to build up and for gas movement in the shaft. For
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IR#

EIS Guidelines
Section

Information Request and Response
example, for the shaft seal failure variant case (SF-ED), it is about 1800 years before gas breaks through to the shallow
system and surface (QUINTESSA and SENES 2011, Figure 3.5). During this period the tritium decays.
In the Inadvertent Human Intrusion scenario (OPG 2011, Section 8.7.1), a borehole is drilled directly into the repository
and gases are released directly to surface through the borehole, bypassing all the seals. However, since institutional
controls such as land use restrictions and markers would be put in place at the time of DGR closure and
decommissioning, and since the area around the DGR does not contain oil or gas reserves, such drilling is not credible in
the near-term. In the Preliminary Safety Report (OPG 2011, Section 8.7.1) it was assumed that intrusion would be
prevented for at least 300 years. Therefore, there is enough time for tritium to have decayed to insignificant levels. In
OPG’s response to Information Request (IR) EIS-03-50 (OPG 2012), the case of no institutional controls is discussed.
Analysis showed that tritium was only important in human intrusion up to 100 years.
In summary, tritium was included in the postclosure safety assessment. It was not found to be important in any of the
assessed normal evolution or disruptive scenarios assessed in the Preliminary Safety Report. Calculated levels of
tritium in the surface environment were orders of magnitude below natural tritium levels.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
QUINTESSA and SENES. 2011. Postclosure Safety Assessment: Analysis of Human Intrusion and Other Disruptive
Scenarios. Quintessa Ltd. and SENES Consultants Ltd. report for the Nuclear Waste Management Organization NWMO
DGR-TR-2011-27 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)

EIS-08-314

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Discuss and clarify the uncertainties in the 3D Geological Framework (3DGFM) and descriptive geological site models
(3DGSM).
Provide a plan view map and/or vertical cross sections with quantitative elevation, thickness data, and lateral facies
changes. Identify specific field data observation and measurement locations.
Supplement the validation of the 3DGFM model with data from DGR boreholes 7 and 8.
Elaborate on the presence and extent of unconformities and any associated paleo-karst horizons that may have created
lateral pathways and which might impact on the integrity of the site. Of particular interest is the Guelph Formation.
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EIS Guidelines
Section

Information Request and Response
Context:
With respect to the thickness and composition of the units, the uncertainty is much greater than what is indicated in the
report (3DGSM).
CNSC suggests that there are discrepancies and inconsistencies in the analysis, presentation of quantitative
observations, and related uncertainties as presented in the 3D geological framework and descriptive geological site
models (3DGFM and 3DGSM). These models are important because they provide context for hydrogeological and
geomechanical models and assessments. Furthermore, the predictability of the geology at the site and regional scales
provides context and confidence in the overall DGR framework.
Uncertainties vary greatly within the Regional Study Area owing to the amount and quality of the information available.
Uncertainties are not analyzed or displayed in the report. While block diagrams illustrate the predictive capacity of the 3D
geological framework model, they do not effectively display quantitative information (elevation and thickness data).
Stratigraphic surfaces in the vicinity of the Bruce site involves interpolation across a large area (~150 km) between
Ontario and the Michigan basin, where there are no boreholes, and involves significant uncertainty that is not clear in
reports.
Table 3.15 (page 118 of the Descriptive Geosphere Site Model TSD) shows the results of a quantitative test of the
DGSM that was done to validate the predictability of the model, comparing DGR1, DGR2 with Texaco #6 (2900 m south
of DGR boreholes). The results shown contradict statements made in the geosynthesis of less than 5% variation in
formation thicknesses of Middle and Upper Ordivician units across the Bruce site (e.g. pg 102 of the Geosynthesis). This
contradiction should be resolved. Formation depths in DGR-1 and DGR-2 are ~5% deeper than predicted, while
thicknesses generally vary by greater than 5%. Comparing the vertical offset between predicted and actual formation
thicknesses, the variability in thicknesses is shown to be (for example) +13% for the Queenston; +5% for Georgian Bay;
-24% for Blue Mountain; +33% for the Cobourg; -53% for Cambrian Formation.
The models ignore basement-seated faults (see EIS-16) or petroleum accumulations known within the RSA. The
proponent should consider how known basement-seated faults that affect the RSA could be incorporated into the model.
Basement-seated faults were identified in the regional geology report (Figure 3.4 therein). The locations of these faults
and how they correspond to structure contours is significant. The NNW trend of contours (Figures in Appendix A) in an
area ~60-80 km east of the Bruce site are warped by an east-west structure in all units from the Shadow Lake to the
Reynales Fossil Hill Formations, which immediately overlie the basement. This warping structure appears to correspond
to basement faults identified in the regional geology report (Figure 3.4), and could be shown as a discrete feature that
offsets contours on structure contour maps.
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OPG Response:
Uncertainties in the 3D Geological Framework (3DGF) Model
The 3DGF model was developed with the intent of establishing a conceptual stratigraphic model, constrained by
historical information, for the purpose of regional and paleohydrogeologic groundwater simulations. It was not possible,
with the 3DGF model alone, to identify detailed geologic structures within the sedimentary sequence throughout the
Regional Study Area (RSA; ≈35,000 km2) scale, nor was this a reasonable expectation given the nature of the historical
database, including issues such as the irregular spatial distribution of boreholes and formation pick uncertainty (data
quality). The stratigraphic model presented in the report was built using a workflow that was developed in order to
specifically address these issues of uncertainty for the purpose intended. The following measures were taken during
model development:










Verification of all data sources used in the model development, including: Ontario Oil, Gas and Salt Resources
(OGSR) Library Petroleum Wells Subsurface Database (Borehole records 1930-present; 341 well records)
(OGSR 2004 and 2006); Ontario Geologic Survey (OGS) Digital Bedrock Geology of Ontario Seamless
Coverage ERLIS Data Set 6 (Scale 1:50,000); Historic borehole geophysical survey logs from selected wells
within the RSA (OGSR 2004 and 2006); OGS Open File Report 6191 (Armstrong and Carter 2006); Michigan
Department of Natural Resources and Environment, Petroleum Well Database; OGS digital bedrock topography
and overburden thickness mapping, Southern Ontario – Miscellaneous Data Release no. 207 (Gao et al. 2006);
and National Oceanic and Atmospheric Administration (NOAA) digital bathymetry mapping of Lake Huron and
Georgian Bay (NOAA 2007).
OGSR Library historical drilling records were screened for obvious errors (e.g., incorrect stratigraphic contacts
and collar surface elevations). Following screening, 42 wells from the RSA were deemed unreliable for quality
control reasons, which reduced the number of wells included in the 3DGF model from 341 to 299. A complete
listing of the OGSR Library historic wells that includes a description of reasons for exclusion is provided by
ITASCA CANADA and AECOM (2011, Appendix C).
Reference wells and associated geophysical logs as described by Armstrong and Carter (2006, 2010) were
included in the 3DGF model.
The core retrieved during the drilling of the DGR series boreholes (DGR 1-6) provided reliable site-specific
formation contact elevations. These bedrock formation contacts were determined, in part, on agreement
obtained during four core logging workshops with participation from industry, academic and government experts.
A Regional Scale Statistical Analysis test was performed. As described by ITASCA CANADA and AECOM
(2011, Section 6.5.2) a formation surface was generated using 67% of the wells intersecting the Sherman Fall
Formation, and then the additional 33% of the wells were input into the test model to compare between their
actual and predicted depths. Overall, the difference between predicted and actual formation depths is within
several metres at the regional scale.
A site-scale blind depth test was performed. For this test, a prediction was made of the formation tops that
would be encountered at the location of borehole DGR-4. The results indicate that this test predicted or
estimated the DGR-4 contacts to within metres, with one exception in the Kirkfield Formation, which was a result
of a modification in the formation top pick criteria as a result of the core logging workshops with industry,
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government and academic experts (ITASCA CANADA and AECOM 2011, Section 2.2).
The approach described above provided a reasoned basis to establish regional stratigraphy and spatial continuity or
traceability of the sedimentary bedrock formations occurring within the sedimentary sequence both at the regional scale
and underlying the Bruce nuclear site. Structural maps illustrating the predicted surface elevations for the bedrock
formations within the regional study area are shown in ITASCA CANADA and AECOM (2011, Appendix A). Note also
that the core retrieved from DGR-8 (DGR main shaft location), provided consistent formation contact elevation, thickness
and orientation as expected from the drilling of DGR-1 to 6 (Sterling 2011). In addition, the entire OGSR Library dataset,
the screened data and formation picks used to derive the 3DGF model, are provided in ITASCA CANADA and AECOM
(2011).
With regard to Table 3.15 of INTERA (2011), the comparison between Texaco #6 (completed in 1969 and located
approximately 2.9 km southeast of the Bruce nuclear site) and the DGR boreholes was completed using the formation
picks recorded on the historical record for Texaco #6. Subsequent re-analysis of the Texaco #6 formation picks, using
its original gamma log, and following the systematic approach to picking formation tops devised for the DGR boreholes
(Sterling and Melaney 2011, Table 1), indicated that in order to properly compare thicknesses, several of the formation
picks would need to be revised. Construction of the site-scale cross-section shown in Figure 3.71 of INTERA (2011) and
Figure 7.2 of NWMO (2011) was completed using the revised formation top picks. Although the updated Texaco #6
formation top picks were not included in INTERA (2011), a discussion of the revision was included in Section 3.13.1 of
the document.
Figure 1 shows a comparison of the borehole geophysics (gamma log) data from DGR-1/2 (left; scale in counts per
second/CPS) and from Texaco #6 (right; scale in American Petroleum Institute gamma scale/GAPI), using the top of the
Collingwood Member as a datum. Note also the similarity in the sub-formation scale inflections between the two
boreholes throughout the entire Ordovician interval, indicating the traceability of distinct lithofacies assemblages between
these two boreholes. This high degree of comparability is reflected in the cross-section shown in Figure 3.71 of INTERA
(2011).
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Figure 1: Comparison of Borehole Geophysical (Gamma Log) Data for Boreholes DGR-1/2 and Texaco #6
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Table 1 below provides information regarding the original formation tops, the original formation tops corrected by 0.9 m
for conversion from Kelly Bushing (KB) height to ground surface elevation, the revised formation top picks and the
updated formation thicknesses for the Texaco #6 borehole. The table also provides a comparison of formation
thicknesses from the DGR boreholes against those in the Texaco #6 borehole. A direct comparison of average
thicknesses as observed at DGR-2, -3 and -4 indicates variation of less than 5% except in one instance (Table 1; note:
blue cells indicate difference greater than 5%). In this latter case, the true thickness variation is only 0.6 m. Similarly,
when comparing the thicknesses of the upper Ordovician shale and middle Ordovician carbonate sequences the
variation is less than 2% (Table 1). In addition, the total Ordovician sequence thickness observed at all boreholes
(Texaco and DGR) varies less than 1% (see Table 1 below).
Table 1: Texaco #6 Borehole Original and Revised Formation Top Picks and Thicknesses and Thickness
Comparison with the Vertical DGR Boreholes
Texaco #6
Origin
Revis
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ed Fm
w/KB
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corr.
(m)
(m)

Thickn
ess (m)

DGR-2
DGRDGR-2
2 Fm
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thickn
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ess
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(m)
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ed (%)
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DGR-3
DGR-3
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DGR-4
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DGR Combined
DGR
DGR
Average
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Texaco
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thickness
s (m)
compared
(%)

Formation

Origina
l Fm
tops
(1969)

Queenston
Georgian
Bay + Blue
Mnt
Collingwoo
d

472.4

471.5

476

74.8

70.3

-6.40

74.4

-0.54

73

-2.47

72.6

-3.08

551.7

550.8

550.8

127.7

133.6

4.42

132.8

3.84

133.8

4.56

133.4

4.27

646.8

645.9

678.5

8.9

7.9

-12.66

8.7

-2.30

8.4

-5.95

8.3

-6.80

Cobourg
Sherman
Fall

679.4

678.5

687.4

27.7

28.6

3.15

27.8

0.36

27.5

-0.73

28.0

0.95

730.3

729.4

715.1

28.8

28

-2.86

28.9

0.35

28.3

-1.77

28.4

-1.41

Kirkfield

761.4

760.5

743.9

47.7

45.9

-3.92

45.8

-4.15

45.7

-4.38

45.8

-4.15

Coboconk

792.5

791.6

791.6

24.4

23

-6.09

23.7

-2.95

23.8

-2.52

23.5

-3.83

Gull River
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Lake

804.7

803.8

816

50

53.6

6.72

51.7

3.29

52.2

4.21

52.5

4.76

866.9

866

866

4.8

5.2

7.69

4.5

-6.67

5.1

5.88

4.9

2.70

Cambrian

871.7
870.8
870.8
Ordovician shale thickness
(m)
Ordovician carbonate
thickness (m)
Ordovician total thickness
(m)

202.5

203.9

207.2

206.8

206

1.70

192.3

192.2

191.1

191

191.4

-0.05

394.8

396.1

398.3

397.8

397.4

0.65
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Geologic Cross-sections and Structural Maps
Quantitative data used to build the model was provided from several sources as described above and in ITASCA
CANADA and AECOM (2011, Section 2). In addition, Appendix A of ITASCA CANADA and AECOM (2011) includes
structural contour maps with the borehole measurement locations indicated and Appendix C includes the entire Oil, Gas
and Salt Resources (OGSR) Library dataset of boreholes used to build the stratigraphic surfaces of the model (OGSR,
2004 and 2006). Appendix C also includes the additional wells that were removed from the model during the data
screening process. All of the reference boreholes utilized by Armstrong and Carter (2006, 2010) were included in the
3DGF model. Geologic cross-sections with quantitative elevation and thickness data, and discussion on the lateral
facies changes expected within the different formations across southern Ontario are also included in Armstrong and
Carter (2006, 2010).
Figures 2.9 and 2.10 from the Geosynthesis (NWMO 2011) provide a qualitative interpretation (from Sanford 1993) of the
scale at which facies changes occurred during deposition of the Middle Ordovician carbonate rocks and, Middle and
Upper Silurian sedimentary rocks, respectively. In addition, cross-sections through the study area are provided in the
Geosynthesis at the basin scale (NWMO 2011, Figure 2.4), the regional scale (NWMO 2011, Figure 2.23) and the sitescale (NWMO 2011, Figure 7.2).
At the site-scale, a detailed examination of the DGR core was undertaken to understand facies variation (both vertically
and laterally), and a discussion of the results is included in NWMO (2011, Section 2.3.4). It was determined, consistent
with the facies maps mentioned above, that lateral facies changes occur at a scale much larger than the site, and that
vertical variations are correlative across the site and beyond at the decimetre scale.
3DGF Model – Verification against DGR-7 and DGR-8
The drilling and coring of vertical boreholes DGR-7 and DGR-8 at the DGR vent and main shaft locations, respectively, in
2011 provided an opportunity to further confirm and test the 3DGF model. Borehole DGR-7 was a shallow hole, only
reaching ca. 187 mBGS, while DGR-8 (80 m from DGR-7) was better suited for comparison as it extended to a depth of
ca. 723 mBGS. Sterling (2011) provides a discussion of the results from the drilling program, which are summarized
below.





The drilling and coring of boreholes DGR-7 and DGR-8 resulted in identification of the same 34 distinct
Paleozoic formations as encountered in the previous DGR boreholes (Sterling 2011, Table 2).
No major lithofacies changes within individual formations, members or units were identified in accordance with
the results from the lithofacies examination described in the Geosynthesis (NWMO 2011, Section 2.3.4).
The formation thicknesses in DGR-7 and DGR-8 are ‘remarkably similar’ to the determined thicknesses in the
other DGR boreholes, generally with only 2–3 m variation over ca. 500 – 1000 m lateral distances (Sterling 2011,
Table 2). It was noted that thickness variation is greater above the Salina B Unit than below.
All distinct core marker beds identified in the core from DGR-1 through -6 were encountered in DGR-8
(Sterling 2011, Table 3 and Appendix A).

Based on the above, it was concluded that the DGR-7 and DGR-8 drilling results were consistent with core logging
Page 8 of 62

Attachment to OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216-CORR-00531-00169
observations at DGR-1 to DGR-6, as documented by INTERA (2011).
Lateral Pathways: Role of Unconformities and Paleo-Karst
The presence of unconformities in the Paleozoic sequence beneath the Bruce nuclear site was discussed from both a
regional perspective (NWMO 2011; Sections 2.2.3.2, 2.2.5.1, 2.3.2, Figure 2.8) and a site scale perspective
(INTERA 2011, Sections 3.8 and 3.11). Karst development (both modern and ancient) was discussed at the regional
scale (NWMO 2011, Section 2.2.5.5), and in association with the unconformity surfaces encountered during borehole
coring and logging (NWMO 2011, Section 2.3.8). The influence of sub-horizontal and laterally continuous horizons of
increased permeability was discussed in terms of the hydrostratigraphic model of the site (INTERA 2011, Section 4.13).
Each of the regionally recognized unconformities in the geologic record of southern Ontario is discussed below with
respect to its characteristics at the site scale:


Top of Precambrian (Precambrian-Cambrian contact): Weathering alteration evident in the upper 1.2 m of the
Precambrian gneiss below the Cambrian sandstone was due to regional brine migration, likely driven by
tectonically induced hydraulic gradients (e.g., Ziegler and Longstaffe 2000). The unconformity marks the
boundary between hydrostratigraphic units 9 (Precambrian Aquitard) and 8 (Cambrian sandstone aquifer).



Top of Cambrian (Cambrian – Shadow Lake Formation contact): This unconformity marks the contact between
the confined Cambrian aquifer and the overlying Shadow Lake Formation at the base of the Ordovician
sequence. The Cambrian unit, roughly 16 to 17 m thick beneath the site, pinches out several kilometers to the
east of the Bruce nuclear site. The entire Cambrian represents a zone of increased permeability and porosity,
with an assigned average hydraulic conductivity of 3 × 10-6 m/s (INTERA 2011, Section 4.13.8). The top of the
Cambrian unit is more than 150 m vertically below the proposed repository horizon.



Top of Ordovician (Queenston Formation – Manitoulin Formations contact): This unconformity is manifested as
an irregular erosional upper surface to the Queenston Formation. The unconformity marks the contact between
hydrostratigraphic units 5 (Ordovician shale aquiclude) and 3 (Silurian shale, dolostone and anhydrite aquifers),
and it also coincides with the top of the abnormal underpressures, which occur downward to the base of the
Trenton Group. There is no indication, e.g., TDS (total dissolved solids) profile in Figure 4.54 of INTERA (2011)
and sustained abnormal pressures (e.g., NWMO 2011, Section 5.2.2.2), that this unconformity represents a
laterally extensive horizon of increased permeability and/or karstification.



Silurian (Cabot Head Formation - Fossil Hill Formation contact): This unconformity is within hydrostratigraphic
unit 3. As above, there is no indication that this unconformity represents a laterally extensive horizon of
increased permeability and/or karstification (e.g., INTERA 2011, TDS profile in Figure 4.54). It is possible, as
suggested by Worthington (2011), that subsequent deposition and diagenesis would have occluded much of the
karstic function (enhanced permeability) at this unconformable horizon.



Silurian (Fossil Hill Formation – Lions Head Formation contact): This unconformity is within hydrostratigraphic
unit 3. As above, there is no indication that this unconformity represents a laterally extensive horizon of
increased permeability and/or karstification (e.g., INTERA 2011, TDS profile in Figure 4.54). It is possible, as
suggested by Worthington (2011), that subsequent deposition and diagenesis would have occluded much of the
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karstic function (enhanced permeability) at this unconformable horizon.


Silurian (Top of Guelph Formation): An unconformity has been recognized in some regional studies of the
Guelph Formation (Armstrong and Carter, 2010). Beneath the site, the 3.7 to 5.4 m thick Guelph Formation is
distinguished as a Silurian dolostone aquifer (hydrostratigraphic unit 4B) with a recognizable increase in porosity
and permeability. An estimated hydraulic conductivity of 8 × 10-7m/s was assigned to the Guelph Formation
beneath the site (INTERA 2011, Section 4.13.4). The highly saline brines occurring within the Guelph coupled
with a lack of evidence of mixing with recent meteoric or glacial signature fluids suggests that increases in
permeability may have been associated with paleokarst in the geologic past. The Guelph Formation is located
approximately 270 m vertically above the proposed repository horizon.



Silurian (A1 Carbonate): Beneath the site, the upper ca. 3.7 m of the Salina A1 carbonate is distinguished as a
Silurian dolostone aquifer (hydrostratigraphic unit 4A) with a recognizable increase in porosity and permeability.
An estimated hydraulic conductivity of 3 × 10-8 m/s was assigned to the Guelph Formation beneath the site
(INTERA 2011, Section 4.13.4).



Top of Silurian (Bass Islands Formation – Bois Blanc Formation contact): This unconformity is within
hydrostratigraphic unit 2 (Devonian and Upper Silurian dolostone aquifer) represents a laterally extensive
horizon of increased permeability. The upper part of the Bass Islands Formation in all DGR boreholes contains
very permeable sections with estimated hydraulic conductivities upwards of 10-4 m/s (INTERA 2011,
Section 4.13.2). Evidence of recent meteoric and glacial signature fluids and 14C age dates indicates this unit is
hydraulic connected with the ground surface.

In summary, erosional unconformities and karst conditions were considered in the development of the conceptual
hydrogeologic model for the Bruce nuclear site. Evidence as described by the NWMO (2011, Section 8) indicates that
the existence of these conditions has not influenced the long-lived diffusion dominated transport regime within the
Ordovician sediments proposed to host the DGR. As such, karst and erosional unconformities are highly unlikely to
impact site integrity. This understanding is reflected in the DGR postclosure safety assessment (OPG 2011,
Section 8.6.2.4), which explicitly considered the above features as captured in the conceptual DGR hydrogeologic model
(INTERA 2011, Section 4.13; Sykes et al. 2011, Section 2.5.5).
References:
Armstrong, D.K. and T.R. Carter. 2006. An Updated Guide to the Subsurface Paleozoic Stratigraphy of Southern
Ontario. Ontario Geological Survey, Open File Report 6191.
Armstrong, D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario. Ontario
Geological Survey, Special Volume 7.
Gao, C., J. Shirota, R.I. Kelly, F.R. Brunton and S. van Haaften. 2006. Project Unit 05-013; bedrock topography and
overburden thickness mapping, southern Ontario. Open File Report, Ontario Geological Survey Report 6192, 1-34.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
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NOAA. 2007. Great Lakes Bathymetry Griding Project. National Oceanic and Atmospheric Administration.
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NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OGSR. 2004. Cumulative oil and gas production in Ontario to the end of 2004. Excel format data. In: Members Package
Dataset. Petroleum Resources Centre, Ministry of Natural Resources Oil, Gas & Salt Resources Library.
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Centre, Ministry of Natural Resources Oil, Gas & Salt Resources Library UTM NAD83. Ontario Digital Base Data.
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Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sanford, B.V. 1993. St. Lawrence Platform: economic geology. In: Stott, D.F. and J.D. Aitken (Eds.), Sedimentary
Cover of the Craton in Canada. Geological Survey of Canada, Geology of Canada Series, no.5, pp.787-798.
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Management Organization TR-11-06 Rev.0. Ottawa, Canada.
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report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
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Organization NWMO DGR-TR-2011-22 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
Ziegler, K. and F.J. Longstaffe. 2000b. Clay mineral authigenesis along a mid-continent scale fluid conduit in
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EIS-08-316

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,

Information Request:
Provide the sulphur content and speciation encountered during the drilling of the stratigraphic test wells DGR-1 to
DGR-8.
Describe the mitigation action required during construction and operation of the proposed DGR should a subsurface
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Geology and
Geomorphology

sulphur water environment be present at the proposed site.
Context:
Ontario Ministry of Natural Resources indicated that petroleum well records at the Petroleum Operations Section
(London office) document the common and widespread occurrence of sulphur water in the subsurface bedrock of
southern Ontario.
Sulphur water is very corrosive to steel casings in petroleum wells.
OPG Response:
Sulphur, in the form of dissolved sulphate, was encountered in varying concentrations during drilling of the DGR
boreholes, particularly within the Silurian Salina Formation; however, the average sulphate concentrations throughout the
rock mass are low, and the dominant anion below 200 m depth is chloride. [Note that geochemical characterization of
porewaters from DGR-8, as part of the shaft investigations, is not yet complete; and geochemical characterization was
not performed for DGR-7, which was drilled only to a depth of 190 mBGS, and is located only 80 m from DGR-8]. At
depth (i.e., at the repository horizon and in the overlying and underlying barrier/cap rocks), the groundwater and
porewater chemistries are reducing and sulphate concentrations range between 0 and 15 mmol/kgw (kgw = kg water).
The mineral pyrite (FeS2) is identified in numerous core sections, including all of the Ordovician shale and carbonate
rocks, suggesting reducing conditions and the potential presence of sulphur as dissolved sulphide (HS-) at depth. The
shallowest occurrences of solid sulphides (i.e., pyrite) are observed in the Devonian Bois Blanc Formation, indicating that
there are zones of reducing conditions at shallow depth as well.
Sulphate concentrations in groundwaters and porewaters throughout the 850 m sedimentary package range between
0 and 1208 mmol/kgw (INTERA 2011, Section 4.6.5). In the Salina Formation, represented by interbedded carbonate
and evaporite (anhydrite/gypsum) beds, dissolved sulphate concentrations are highest and show the largest variations
(ranging between 35 and 1208 mmol/kgw). The high sulphate concentrations are attributed to the presence of
anhydrite/gypsum in the rock cores that was crushed/dissolved during analysis, resulting in elevated porewater
concentrations. It is important to note that porewater SO4 concentrations are interpreted to have been affected by
oxidative dissolution of pyrite and other iron sulphide minerals during laboratory procedures, as well as the dissolution of
SO4 minerals (e.g., gypsum, anhydrite). Anhydrite and gypsum dissolution is a process noted in the Silurian rocks to
affect SO4 concentrations (INTERA 2011, Section 4.6.6.1). Deviations from the typical low sulphate concentrations
(0-15 mmol/kgw) in the deep, low permeability groundwater system (i.e., all Ordovician porewaters) are attributed to such
laboratory artefacts.
The occurrence of dissolved sulphur species in subsurface waters is common in southern Ontario, as noted in the
Regional Hydrogeochemistry – Southern Ontario report (Hobbs et al. 2011) and in Carter and Fortner (2012). In the
regional context, the more permeable units identified at the Bruce nuclear site (i.e., the Salina A1 Unit and Guelph
Formation aquifers) have been characterized from sampled oil/gas wells (Hobbs et al. 2011) and from Ministry of Natural
Resources (MNR) well records (Carter and Fortner 2012), and, in all cases, are noted to contain some sulphate. As
noted in Carter and Fortner (2012), there is a “crude geochemical zonation” with depth in southern Ontario, with waters
ranging from fresh (shallow) to brackish-saline (intermediate) to highly saline (deep), with “sulphur waters” commonly
Page 12 of 62

Attachment to OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216-CORR-00531-00169
observed at intermediate depths regionally, ranging from just a few metres below to as deep as 350 metres below the
top of bedrock.
Based on the regional database (in Hobbs et al. 2011), as well as the available information from Carter and Fortner
(2012), the sedimentary units that typically show relatively ‘higher’ sulphate concentrations within the sediments across
southern Ontario are of Silurian and Devonian age. In the Devonian carbonates at the Bruce nuclear site, sulphate
concentrations are low, with values ranging between 0 and 32 mmol/kgw. One measurement in each of DGR-1
(15.7 mmol/kgw) and DGR-4 (31.9 mmol/kgw) account for the range observed. All other measurements of SO4
concentration were <10 mmol/kgw in the Devonian groundwaters and porewaters. In the Silurian Salina A1 Unit and the
Guelph Formation at the Bruce nuclear site, sulphate concentrations are low and the groundwaters reducing, suggesting
that inflow from these units, in the short time that they will be open to atmospheric conditions prior to casing and sealing,
will not provide any significant risk to the repository installation(s) in the context of corrosion. Sulphate concentrations in
the Guelph Formation groundwaters range between 0 and 3 mmol/kgw. In the permeable upper section of the Salina A1
carbonate, concentrations average 38 mmol/kgw, with measured values never exceeding 40 mmol/kgw. Under reducing
conditions, sulphate in groundwaters is normally reduced by bacteria to form hydrogen sulphide (Hobbs et al. 2011,
Section 6.1.1). It is suggested that sulphate, as dissolved SO4, persists in the deep, reducing groundwaters because, at
low subsurface temperatures (~25⁰C), as observed at the Bruce nuclear site, reduction of SO4 to HS- or H2S is kinetically
inhibited unless mediated by microbial action. Such microbial action is unlikely to occur in the deep groundwater system
at the Bruce nuclear site because the high-salinity (>200 g/L) waters appear unable to sustain populations of sulphatereducing bacteria, as suggested by the microbiology work performed on DGR cores by Stroes-Gascoyne and Hamon
(2008).
Sulphate concentrations in the deep groundwaters and porewaters at, and surrounding, the repository horizon at the
Bruce nuclear site are low (0-15 mmol/kgw), as are the porosities and water contents of the host and surrounding
formations. The only repository structures that will be in contact with the more permeable horizons are the shafts. The
observed groundwater chemistry has been taken into account as part of the physical design and safety assessment
analyses of corrosion. With respect to the shaft design, mitigative measures include a sulphate resistant concrete liner
and the temporary ground support in the shaft that considers both the salinity and sulphate of the groundwater.
Modelling indicates that groundwater flow into the shaft during construction will not require treatment for sulphur
concentrations to meet expected discharge requirements. In addition, the subsurface chemistry in the immediate vicinity
of the DGR is expected to return to high salinity, reducing conditions following repository closure.
In addition to the supporting geochemical evidence for this assessment, regular monitoring of the shaft(s) during the
construction and operations phases of the repository would detect any issues of groundwater salinities and chemical
compositions that differ from what is expected (and has been observed over the last five years during site
characterization activities and the shaft pilot hole drilling investigations). To date, all site characterization activities
suggest that waters with high sulphur contents are not present at the Bruce nuclear site. Therefore, the potential risk for
corrosion and degradation of repository infrastructure due to reactions involving sulphur species (e.g., steel corrosion,
degradation of concrete) is considered low.
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References:
Carter, T.R. and L. Fortner. 2012. Regional bedrock aquifers and a geological groundwater model for southern Ontario.
39th IAH Congress. Niagara Falls, Ontario, Canada. Abstract. (available at
http://www.xcdtech.com/iah2012/iah2012/abstracts/Abs369.pdf)
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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)
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EIS-08-320

 Section 10.1.1,
Geology and
Geomorphology
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
Provide evidence that the EIS and Geology TSD were reviewed and approved by an individual licensed to practice
geoscience in the province of Ontario.
Context:
No context required.
OPG Response:
Geoscientific investigations demonstrating that the DGR facility will protect the environment and humans are presented
in the Geosynthesis (NWMO 2011). The results and conclusions in the Geosynthesis are used to inform the Geology
Technical Support Document (TSD) (GOLDER 2011) and the Environmental Impact Statement (OPG 2011) on
geoscientific matters. The Geosynthesis was reviewed (R. Leech) and approved (M. Jensen) by registered members of
the Association of Professional Geoscientists of Ontario (APGO). The Geology TSD and the geology section of the EIS
were prepared by an APGO registered member (C. Kelly) or professional geoscientist in training working under the
supervision of an APGO registered member (M. Jensen), and reviewed by an APGO registered member (G. Schneider).
APGO member registration can be confirmed by visiting the APGO website at http://www.apgo.net/membersearch.php
where a list of registered members is maintained.
References:
GOLDER. 2011. Geology Technical Support Document. Golder Associates Ltd. report to the Nuclear Waste
Management Organization NWMO DGR-TR-2011-03 R000. Toronto, Canada. (CEAA Registry Doc# 299)
NWMO. 2011. Geosynthesis. Nuclear Waste Management report NWMO DGR-TR-2011-11 R000. Toronto, Canada.
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OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 2. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
EIS-08-321

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality

Information Request:

 Section 11.4.7,
Atmosphere

On page 29 of the Atmospheric Environment TSD, the proponent states that rather than treat all possible effects, they
will focus on valued ecosystem components. The MOE stated that this approach does not satisfy MOE protocols.

Evaluate the concentration of all emitted species for which the Ontario Ministry of the Environment (MOE) has standards.
Context:

The MOE requires that air quality be evaluated based upon property boundary contaminant concentrations. The
determination of critical concentrations has been accomplished by ministry toxicologists who have taken a broad
spectrum of endpoints into the consideration when determining acceptable levels. Evaluation cannot be based on the
effect of emissions upon a narrow environmental subset.
OPG Response:
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 4) describes the approach
used to identify the Valued Ecosystem Components (VECs) (air quality and noise) and the indicators used to evaluate
the effects of the DGR Project on the VECs. OPG’s response to Information Request (IR) EIS-04-138 (OPG 2012)
provides further rationale for the selection of indicators for the air quality VEC.
However, air emissions of all compounds, even those emitted in small quantities from the DGR Project and not selected
as air indicators, were considered important as inputs to the human health assessment. Predicted maximum
concentrations of these compounds at selected health receptors were included in Appendix J to the Atmospheric
Environment TSD (GOLDER 2011). Tables 2, 3 and 4 in OPG’s response to IR-EIS-04-138 (OPG 2012) provide the
respective existing, site preparation and construction, and operations phase maximum off-site (i.e., property boundary)
concentrations for those compounds not selected as indicator compounds. Table 5 in OPG’s response to IR-EIS-04-138
(OPG 2012) lists the available Ontario Ambient Air Quality Criteria (AAQC) values (MOE 2008) for those compounds that
are potentially emitted from the Project Works and Activities, but were not selected as indicator compounds.
OPG’s response to IR-EIS-04-141 (OPG 2012) also presents the maximum predicted off-site (i.e., property boundary)
concentrations for each of the indicator compounds and the distance from the maximum concentration to each of the
human health receptors. The locations of the maximum concentrations and the human health receptors were shown on
Figure 1 (OPG 2012).
As described in the Atmospheric Environment TSD (GOLDER 2011, Section 13.2), OPG acknowledges that an ECA
(Environmental Compliance Approval [formerly Certificate of Approval (Air)]), will be required for the operation of any
equipment that may discharge a contaminant to the atmosphere. The ECA application for air emissions from the project
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will be completed in accordance with O.Reg. 419 and/or regulations relevant at the time of submission.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2008. Ontario's Ambient Air Quality Criteria. Ministry of Environment, Standards Development Branch.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
EIS-08-322

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Explain why there is no mention of airborne radionuclides in the air emissions analysis. Provide information on the
characteristics of excavated rock with respect to the potential for increases in inhalable silicates, trace metals, and
metalloids.
Provide an estimate of PAH emissions for the site preparation and construction phases.
Context:
The indicator compounds listed in Table 4-1 on page 30 of the Atmospheric Environment TSD, are nitrogen dioxide,
sulphur dioxide, carbon monoxide, suspended particulate matter, inhalable particulate (PM10), and respirable particulate
(PM2.5). These seem to be related to sources such as construction and combustion.
OPG Response:
As stated on page 32 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011), “Only nonradioactive compounds were considered in the atmospheric environment assessment. The assessment of radiological
emissions has been included as part of the assessment presented in the Radiation and Radioactivity TSD.”
Discussion on the incorporation of dust generated by the trucking and dumping of waste rock into the air quality model is
provided in OPG’s response to Information Request (IR) EIS-04-148 (OPG 2012).
Estimates of trace metal, volatile organic compound (VOC) and polycyclic aromatic hydrocarbon (PAH) emissions for the
site preparation and construction phase for each of the off-site human health receptor sites are provided in Appendix J of
the Atmospheric Environment TSD (GOLDER 2011). Maximum predicted trace metal, VOC and PAH concentrations for
both the site preparation and construction, and operations phases are provided in OPG’s response to IR-EIS-04-138
(OPG 2012).
The list of non-indicator air compounds evaluated at the human health receptor locations was based on input from the
human health team. Metalloids and inhalable silicates would only be emitted from the project as part of the dust
(airborne particulates) released during the construction of the shafts and repository. This is no different than the situation
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with any mining or quarrying activity. These particulates form part of the airborne PM10 and PM2.5 used both as air
quality indicators and as inputs to the human health assessment. From a human health perspective, health effects are
associated more closely with the total concentrations of PM10 and PM2.5, rather than the specific constituents present.
In order to evaluate the Valued Ecosystem Component (VEC) air quality, indicator compounds were selected to focus
the assessment. The indicators were selected using the following criteria:



the compounds are likely to be emitted from the DGR Project in measurable amounts during the site preparation
and construction, operations or decommissioning phases of the project; and
the indicators have established regulatory guidelines.

The air quality assessment in the Atmospheric Environment TSD (GOLDER 2011, Section 8.2) considers all of the
sources of the Bruce nuclear site (i.e., stationary and mobile) and evaluates the effects of the site preparation and
construction and the operations phases. Since the predicted project air emission sources are dominated by construction
and combustion engine sources, it stands to reason that the indicators selected would be related to construction and
combustion sources. OPG’s response to IR-EIS-04-138 (OPG 2012) provides additional information on the rationale for
the indicators selected. Compounds that will not be emitted from the DGR Project were not used as indicators.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
EIS-08-323

Information Request:
Apply MOE Guidelines and Standards for comparison with predicted air emissions.
For the current air emissions analysis, indicate whether the benchmarks used were more or less conservative than MOE
benchmarks.
Context:
The proposed benchmarks for various substances are listed on page 31 of the Atmospheric Environment TSD. The
MOE indicated that these do not meet MOE standards and guidelines, such as for the following examples:






Sulphur Dioxide – 680 ug/m3 – 1 hour value;
Sulphur Dioxide – 275 ug/m3 - 24 hour value;
Carbon Monoxide – 6000 ug/m3 – ½ hour value;
Suspended Particulate 100 ug/m3 – ½ hour value (this will be replaced by the 24 hour value by 2020);
Suspended Particulate – annual AAQC is 60 ug/m3 which is based on a geometric mean; and
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Respirable Particulate – 25 ug/m3 (Ministry guidance).

OPG Response:
The air quality assessment in the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011) used a
conservative approach to predicting air quality effects from the DGR Project since it included all of the sources at the
Bruce nuclear site (i.e., stationary and mobile), as well as existing and background concentrations in estimating changes
to air quality. In determining the potential for adverse effects, these predicted emissions were compared with the existing
concentrations. As shown in Table 1, the existing concentrations are, in all cases, lower than the Ministry of
Environment (MOE) standards and guidelines.
OPG’s response to Information Request (IR) EIS-05-223 (OPG 2012a, Part d) provides the rationale for the standards
considered in the assessment. If all emitted species were to be evaluated against MOE standards in accordance with
O.Reg. 419/05 guidance, the emissions from construction activities and mobile emissions sources could have been
excluded, resulting in virtually no emissions during the bounding year of the site preparation and construction phase, and
much lower emissions during the operations phase. Such an approach would not have properly represented the
possible effects of the project on the Valued Ecosystem Component (VEC) air quality, nor would it have provided data
that was required when assessing indirect effects on other disciplines (e.g., human health). This would have provided a
less conservative assessment.
As described in Section 8.2 of the Atmospheric Environment TSD (GOLDER 2011), adverse effects were identified in
those cases where the predicted concentrations of the indicator compounds were higher than the existing
concentrations. Adverse effects were then carried forward for a determination of significance in Section 11 of the
Atmospheric Environment TSD (GOLDER 2011). In determining significance, relevant criteria were used to assign a
magnitude for the predicted effects. Table 1 provides a comparison of the Existing Air Quality (used to determine
adverse effects), the criteria used in the TSD (GOLDER 2011) for assigning effect magnitudes, the corresponding
Ontario Ambient Air Quality Criteria (AAQC) and MOE O.Reg. 419/05 standards, and the concentrations predicted for
both the site preparation and construction, and the operation phases.
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Table 1: Summary of Existing Air Quality, AAQC, MOE Standards and Maximum Predictions for Indicator
Compounds
Indicators

Existing Air
Quality
(GOLDER
2011)

“High”
Magnitude
Threshold in
Atmospheric
TSD(a)

AAQC 2012
(MOE 2012a)

MOE
Standards(b)
(MOE 2012b)

Maximum
Predicted Air
Quality Site
Preparation and
Construction
(GOLDER 2011)

Maximum
Predicted Air
Quality
Operations
(GOLDER
2011)

(µg/ m³)

(µg/m³)

(µg/m³)

(µg/m³)

(µg/m³)

(µg/m³)

1-hour NO2

110.4

400

400

400

321.7

151.6

24-hour NO2

26.5

200

200

200

141.2

67.8

Annual NO2

6.8

100

-

-

18.5

7.6

1-hour SO2

318.9

900

690

690

318.9

318.9

24-hour SO2

51.3

300

275

275

51.3

51.3

Annual SO2

5.0

60

55

-

5.0

5.0

1-hour CO

1,580.6

35,000

36,200

-

2,504.2

1,597.8

8-hour CO

1,201.8

15,000

15,700

-

1,595.7

1,202.3

24-hour SPM

71.0

120

120

120(PM44)

276.9

71.5

-

30.7

25.1

-

75.3

26.9

-

45.7

15.9

Annual SPM

25.1

70

24-hour PM10

26.0

50

(c)

60

50
(d)

24-hour PM2.5

15.4

30

30
25(d)

Notes:
- No standard
a

As detailed in Tables 4.2.1-1 and 11.1.1-1 of the Atmospheric Environment TSD (GOLDER 2011)

b

The applicability of O.Reg. 419/05 standards are discussed in the responses to IR-EIS-01-09 (OPG 2012b), IR-EIS-05-223 (OPG 2012a),
IR-EIS-04-138 (OPG 2012c) and IR-EIS-08-321.

C

Geometric mean

d

The 25 µg/m³ MOE guidelines listed in the Information Request only appears as a footnote to the AAQC table (MOE 2012a). The actual
AAQC listed for PM2.5 is 30 µg/m³. The value of 25 µg/m³ is recommended as a target for PM2.5 resulting from a single facility.

As shown in Table 1, the benchmarks used for determining adverse effects (i.e., existing air quality) are more
conservative (i.e., lower) than the MOE criteria for all indicator compounds. The table also shows that the benchmarks
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used for assigning magnitude in the TSD (GOLDER 2011) are equal to or more conservative than the corresponding
criteria, with the exception of the 1-hour, 24-hour and SO2, as well as the annual suspended particulate matter (SPM). In
addition, there are two PM2.5 criteria, an AAQC value of 30 µg/m³ and a recommended target of 25 µg/m³ for assessing
individual facilities. The AAQC is the same as the benchmark used in the TSD for assessing magnitude, while the single
facility target is slightly lower. However, the use of the MOE criteria for SO2 and annual SPM, and the MOE 24-hour
single facility guideline for PM2.5, would not have altered the resulting significance classifications.
As discussed in OPG’s response to IR-EIS-04-140 (OPG 2012c), the DGR Project will make a minimal contribution to
the SO2 emissions, which are dominated by the existing SO2 emissions at Bruce Power, which are below standards. As
a result, the maximum existing SO2 concentrations do not change as a result of the Project, and no adverse air quality
effects were identified for SO2.
The maximum off-site annual SPM concentration during the site preparation and construction phase was predicted to be
higher than the existing conditions (i.e., an adverse effect), but the concentration of 30.7 µg/m³ was classified as a low
magnitude (i.e., <50% of 70 µg/m³ criteria). If a criterion of 60 µg/m³ were used, the magnitude would change from low
to medium, but the resulting significance rating in accordance with Figure 11.1-1 (GOLDER 2011) would remain “not
significant”.
Additional discussion regarding development of and rationale for the assessment indicators and criteria is provided in
OPG’s responses to IR-EIS-01-09 (OPG 2012b), IR-EIS-05-223 (OPG 2012a), IR-EIS-04-138 (OPG 2012c),
IR-EIS-08-321, IR-EIS-08-324 (OPG 2013), and IR-EIS-08-327.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2012a. Ontario’s Ambient Air Quality Criteria (Sorted by Chemical Abstracts Service Registry Number (CASRN).
Standards Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 15, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079182.pdf)
MOE. 2012b. Summary of Standards and Guidelines to support Ontario Regulation 419/05 - Air Pollution – Local Air
Quality (including Schedule 6 of O.Reg. 419/05 on Upper Risk Thresholds) (Sorted by Contaminant Name). Standards
Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 7, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079181.pdf)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
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OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS-08-327

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Revise the adverse effects analyses in the Atmospheric Environment TSD by applying MOE standards and AAQC in
assessing effects for the Air Quality VEC.
Context:
In Section 8.1.1.1 of the Atmospheric Environment TSD, it is stated that for the air quality VEC, adverse effects are
considered to be likely if the maximum concentrations of the air quality indicators resulting from the project are predicted
to be higher than the maximum concentrations for the air quality indicators for the existing conditions. The MOE noted
that it has established standards and AAQC in order to provide benchmarks for evaluating air concentrations of
pollutants that should be used.
OPG Response:
As described the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 8.2), changes
in predicted concentrations were identified as adverse effects when the predicted concentrations were higher than the
maximum existing concentrations. During the site preparation and construction phase, nine indicators were identified as
having adverse effects (GOLDER 2011, Table 8.2.3-6), while only eight indicators were identified as having adverse
effects during the operations phase (GOLDER 2011, Table 8.2.3-7). Each of these adverse effects was carried forward
for the determination of significance in Section 11 of GOLDER (2011).
Table 1 below compares the Ontario Ambient Air Quality Criteria (AAQC) (MOE 2012a), the Ministry of Environment
(MOE) standards (MOE 2012b), the values for the existing conditions used in the analyses of the adverse effects for the
indicators used in the Atmospheric Environment TSD (GOLDER 2011) and the predicted maximum concentration of air
quality indicators for the DGR Project. In all cases, the existing air quality conditions are lower than the corresponding
AAQC or MOE standard.
If the AAQC and MOE standards had been used for defining adverse effects, only three indicators would have been
identified as adverse effects during site preparation and construction phase (considerably less than the nine identified in
the TSD (GOLDER 2011), and no adverse effects would have been identified during operations (eight adverse effects
were identified in the TSD (GOLDER 2011)).
In its response to Information Request (IR) EIS-08-324 (OPG 2013), OPG provides an explanation for the benchmarks
selected. Revising the adverse effects analyses using the AAQC or the MOE standards would result in a substantially
less conservative assessment of effects.
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Table 1: Summary of Existing Air Quality, AAQC, MOE Standards and Maximum Predictions for
Indicator Compounds
Existing Air
Quality

AAQC 2012
(MOE 2012a)

MOE Standards(b)
(MOE 2012b)

Maximum
Predicted Air
Quality Site
Preparation and
Construction

Maximum
Predicted Air
Quality
Operations

(µg/m3)(a)

(µg/m3)

(µg/m3)

(µg/m3)(a)

(µg/m3)(a)

1-hour NO2

110.4

400

400

321.7

151.6

24-hour NO2

26.5

200

200

141.2

67.8

Annual NO2

6.8

-

-

18.5

7.6

1-hour SO2

318.9

690

690

318.9

318.9

24-hour SO2

51.3

275

275

51.3

51.3

Annual SO2

5.0

55

-

5.0

5.0

1-hour CO

1,580.6

36,200

-

2,504.2

1,597.8

8-hour CO

1,201.8

15,700

-

1,595.7

1,202.3

24-hour SPM

71.0

120

120(PM44)

276.9

71.5

Annual SPM

25.1

60(d)

-

30.7

25.1

24-hour PM10

26.0

50

-

75.3

26.9

-

45.7

15.9

Indicators

24-hour PM2.5

15.4

(c)

30

Notes:
Bold Adverse effect relative to AAQC/MOE Standards
- No standard
a

GOLDER 2011.

b

The applicability of O.Reg. 419/05 standards are discussed in OPG’s responses to IR-EIS-01-09 (OPG 2012a), IR-EIS-05-223 (OPG 2012b),
and IR-EIS-08-321.

c

Canada-wide standard.

d

Geometric mean.
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References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2012a. Ontario’s Ambient Air Quality Criteria (Sorted by Chemical Abstracts Service Registry Number (CASRN).
Standards Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 15, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079182.pdf)
MOE. 2012b. Summary of Standards and Guidelines to support Ontario Regulation 419/05 - Air Pollution – Local Air
Quality (including Schedule 6 of O. Reg. 419/05 on Upper Risk Thresholds) (Sorted by Contaminant Name). Standards
Development Branch, Ontario Ministry of the Environment. April 2012. (accessed on January 7, 2013 at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/std01_079181.pdf)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #5 Information Requests”, CD# 00216-CORR-0053100145, October 24, 2012. (CEAA Registry Doc# 776)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS-08-328

 Section 10.1.8,
Climate, Weather
Conditions and
Air Quality
 Section 11.4.7,
Atmosphere

Information Request:
Provide a description of the planned mitigation measures to be taken during site preparation and construction stages to
ensure that there will be no residual adverse effects from air emissions on VECs.
Context:
Section 8.1.2 of the Atmospheric TSD states that when an assessment of effects indicates that an adverse effect on one
of the atmospheric environment VECs is likely, technically and economically feasible mitigation measures are proposed
to address the identified effect. The MOE stated that it expects that the proponent will design its program to avoid
adverse effects and that if the proponent intends to offer mitigation measures, the MOE must be given sufficient
evidence that the final plan will avoid adverse impact.
OPG Response:
The Environmental Impact Statement (EIS) (OPG 2011, Table 7.7.2-1) and the Atmospheric Environment Technical
Support Document (TSD) (GOLDER 2011, Table 8.2.2-1) identify the mitigation measures that were considered integral
to the project and included in the modelled assessment results. The mitigation measures included vehicles which meet
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Tier 2 emissions standards. Further mitigation, to avoid adverse effects, could include increasing the requirement to
meet Tier 3 or Tier 4 emission standards which would further reduce NO2, CO, and particulate emissions.
OPG’s response to Information Request (IR) EIS-04-137 (OPG 2012) provided specific mitigation measures for
particulates. The DGR EA Follow-up Monitoring Program (NWMO 2011, Table 3a) provides information on a monitoring
program which will be implemented to assess the effectiveness of the mitigation measures.
The Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011, Section 4.1) identifies two Valued
Ecosystem Components (VECs) for the assessment of effects on the Atmospheric Environment: air quality and noise
levels. The basis for assessing whether or not a potential effect on the Air Quality VEC was adverse considered whether
there was a measurable increase in indicators relative to existing background concentrations for that indicator. The
EIS (OPG 2011, Section 7.7.2.3) identified a potential adverse effect to the Air Quality VEC as a result of increases
relative to existing background concentrations for the following indicators for the Air Quality VEC: nitrogen dioxide (NO2),
carbon monoxide (CO), suspended particulate matter (SPM), and particulate matter (PM10, and PM2.5) emissions during
the site preparation and construction phase.
Regulatory criteria were relied on when assigning effects magnitudes for air quality as part of determining the
significance of residual adverse effects (GOLDER 2011, Section 11). The regulatory criteria considered included:
National Ambient Air Quality Objectives, Ontario Ambient Air Quality Objectives (AAQC) (MOE 2008), and Canada-Wide
Standard.
MOE indicates “An AAQC is a desirable concentration of a contaminant in air, based on protection against adverse
effects on health or the environment” (MOE 2008). Environment Canada states that “National ambient air quality
objectives have traditionally been the benchmark against which Canada assesses the impact of anthropogenic activities
on air quality and ensures that current emission control policies are protecting human health and the environment”
(ENVIRONMENT CANADA 2012).
References:
ENVIRONMENT CANADA. 2012. National Ambient Air Quality Objectives. (accessed on January 11, 2013 at
http://www.ec.gc.ca/rnspa-naps/default.asp?lang=En&n=24441DC4-1).
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA Registry Doc# 299)
MOE. 2008. Ontario's Ambient Air Quality Criteria. Standards Development Branch, Ontario Ministry of the
Environment.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
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Level Waste – Submission of Responses to a Sub-set of Package #4 Information Requests”, CD# 00216-CORR-0053100138, September 6, 2012. (CEAA Registry Doc# 725)
EIS-08-331

 Section 10.2.7
Physical and
Cultural Heritage
Resources

Information Request:
Identify if there are any cultural landscapes, structures, marine archaeology and engineering works of cultural heritage
value within the regional, local and site study areas that could be affected, either directly or indirectly, by the proposed
DGR. Describe the potential effects on these sites.
Context:
Section 6.10.6.2 of the EIS focuses only on archeological assessment. There is no indication whether there are any
cultural landscapes, structures, marine archaeology and engineering works of cultural heritage value within the regional,
local and site study areas that could be impacted, either directly or indirectly.
OPG Response:
Information regarding cultural heritage features is provided in the Socio-economic Environment Technical Support
Document (TSD) (AECOM 2011). Section 5.6 (Physical Assets) includes a discussion under the community character
subsection (i.e., Section 5.6.3.3) of the views of structures at the Bruce nuclear site. Section 5.7.1 (Inverhuron Provincial
Park) provides a description of the Park and its current uses. Section 5.7.2.1 (Cultural and Heritage Resources)
provides an expanded discussion of cultural heritage at the Bruce nuclear site prior to its establishment. Following the
establishment of the Bruce nuclear site in the 1960s, all activities at the site have been associated with the operations of
the nuclear facilities. As described in Section 1.2.3.1 of the Environmental Impact Statement (EIS) (OPG 2011), the
surface facilities associated with the DGR Project will be located on vacant, OPG-retained lands to the north of the
existing Western Waste Management Facility, within the Bruce nuclear site.
The effects of the project on these cultural features are included in the Socio-economic Environment TSD (AECOM
2011; Sections 8.5.3.1, 8.6.1.1, and 8.6.2.1), and summarized in the EIS (OPG 2011, Section 7.10.2.13). The SocioEconomic TSD indicates that the DGR will:







have a minor visual effect that is not likely to influence existing or planned land uses;
not likely affect access to Inverhuron Provincial Park;
not change the demand for recreational opportunities provided by the park;
not have any effect on the park as a result of stigma;
not likely affect the Bonnett cultural heritage feature (Section 8.6.2); and
not likely affect any unknown Euro-Canadian cultural heritage features, including deeply buried ones.

OPG’s response to Information Request EIS-08-332 (OPG 2013) provides information on registered heritage buildings
and structures in the Local Study Area. The DGR Project is predicted to have no effects on these heritage buildings and
structures.
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Although there are shipwrecks located in Lake Huron near Kincardine and also in the Regional Study Area, (Maritime
History of the Great Lakes), there are none in the Site Study Area. The DGR Project is not predicted to have a direct or
indirect impact on any marine archeological sites.
References:
AECOM. 2011. Socio-Economic Environment Technical Support Document. AECOM Canada Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
Maritime History of the Great Lakes. (accessed on February 11, 2013 at
http://images.maritimehistoryofthegreatlakes.ca/results?q=shipwrecks+kincardine&st=kw)
OPG. 2011. OPG’s Deep Geologic Repository Project for Low and Intermediate Level Waste - Environmental Impact
Statement, Volume 1. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA
Registry Doc# 298)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS-08-336

 Section, 7.1,
Purpose and
Need for the
Project
 Section, 7.2,
Alternatives to
the Project

Information Request:
Provide information on the possibility of separating long-lived intermediate level radioactive waste (ILRW) from shortlived ILRW. Include a review of how proposed and operating international repositories have addressed this issue.
Provide a list of the anticipated volumes & total activities of short-lived versus long-lived ILRW to be placed in the DGR.
Provide information on how the design and long-term management of the DGR would be affected by the separate
storage of long and short-lived ILRW.
Context:
No context required.
OPG Response:
International Practice
Practices vary between countries. Countries with surface or near-surface repositories usually make a distinction
between short-lived wastes and long-lived wastes, the purpose of which is to exclude long-lived wastes from these
repositories. Countries with only deep repositories (or plans for such) may or may not make a distinction. Examples are
given below.


France has low level waste (LLW) and intermediate level waste (ILW) categories, each of which is broken down into
long and short lived. The surface facilities are licensed for short-lived wastes only. Long-lived wastes (both LLW
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and ILW) are destined for deeper facilities.


Sweden does not have a legal waste classification system. Their SFR facility (at 60 to 100 m depth) handles both
LLW and ILW. However, the safety case for SFR limits the total amount of long-lived radionuclides it can handle, so
it is essentially for short lived waste only.



Finland makes a formal distinction between long-lived and short-lived. The existing near-surface repositories at
Loviisa and Olkiluoto are licensed for short-lived wastes only.



In the US, the civilian waste classification is “low level waste”, “high level waste” and “spent fuel”. Low-level waste
includes Class A, B and C and “greater than class C” (GTCC). Class A, B and C wastes are licensed for nearsurface disposal. Class C, the most radioactive category of their low-level waste classifications, is essentially ILW
(filters, IX resins, etc), but with limited amounts of long-lived radionuclides. GTCC is the long-lived waste, but
classified as LLW under their system. It is deemed to be not suitable for surface disposal.



In the US, the WIPP deep repository (about 650 m depth) handles defense L&ILW, and does not distinguish
between short-lived and long-lived L&ILW. Rather, waste packages are treated differently within the facility based
on whether they are contact-handled (generally LLW, but also includes ILW packages with integral shielding) or
remote-handled (generally ILW), which is related to the package dose rate.



In the UK, LLW is placed in a surface facility at the LLWR site in Cumbria. UK has a category called “higher activity
waste” (HAW) which is defined as “HLW, ILW, and such LLW as by its nature is not currently suitable for disposal in
existing LLW disposal facilities”. This HAW waste is intended to be placed in a Geologic Disposal Facility.



In Switzerland, the policy is for deep geologic disposal of all waste categories. Two geological repositories are
foreseen, one for short-lived L&ILW and the other for high level waste and long-lived ILW.



In Germany, the official waste classification system is based on heat generation rate, not separation into LLW and
ILW nor distinction between long-lived and short-lived. The Konrad deep repository (about 800 m) is licensed for
non-heat-generating wastes, which includes both long-lived and short-lived L&ILW.

OPG ILW
Approximately 80% of the packaged volume coming to the DGR will contain LLW, and 20% will contain ILW.
OPG does not have separate categories for short-lived and long-lived ILW. However, as a simple estimate, the US
Class C waste criteria can be considered as a basis for classification. In particular, US 10 CFR 61.55 clause (3)
provides concentrations of long-lived radionuclides for classification as Class C or as Greater-than-Class C wastes
(USNRC 2012). These 10 CFR 61.55 criteria were compared with the as-received concentrations for ILW waste streams
as given in the OPG Reference Inventory (OPG 2010). The US criterion considers the sum-of-fractions of each identified
radionuclide relative to its allowed Class C concentration limit, with the sum required to be less than one for the waste to
be considered Class C. Individual waste packages have a range of concentrations, therefore for the present evaluation
on a waste type basis, the waste package mean concentrations in OPG (2010) were compared with the Class C
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concentrations and a sum-of-fraction threshold of <0.1 was selected as the criterion for short-lived ILW.
On the basis of this criterion, OPG CANDECON resin ILW, Irradiated Core Component ILW, and Retube End Fittings
ILW would be (generally) classed as short-lived ILW. These are estimated to have a total radioactivity of about 4,000
TBq at 2062 and an emplaced waste volume of about 16,000 m3, with most of the activity and volume in the End Fitting
waste stream. The other ILW, classed as long-lived ILW by this criterion, would have a total radioactivity of about 12,000
TBq at 2062 and an emplaced waste volume of about 25,000 m3.
Although these waste streams may be generally considered as short-lived ILW, accurately identifying and separating out
those OPG packages with short-lived ILW would require characterization of individual waste packages. This would result
in additional worker dose.
Implications on OPG DGR Design
The OPG DGR is designed to hold both LLW and ILW, whether short-lived or long-lived. Similar types of waste
packages are emplaced in different rooms, as this is efficient for handling and stacking. For example, there are rooms
intended for LLW, for unshielded ILW, and for shielded ILW. The latter distinction is based on dose rate. However,
higher dose rate packages generally also contain a higher concentration of long-lived radionuclides. Therefore, there is
already an approximate physical separation into lower amounts and higher amounts of long-lived ILW since higher dose
rate packages are shielded and are generally located in rooms with other shielded packages, while lower dose rate
package are unshielded and placed in rooms with other unshielded packages. There is no benefit to further separation.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
USNRC. 2012. 10 CFR 61.55 Waste classification. United States Nuclear Regulatory Commission. Washington DC,
USA (available at http://www.nrc.gov/reading-rm/doc-collections/cfr/part061/part061-0055.html)
EIS-08-340

 Section 5.5,
International
Agreements

Information Request:
Provide information on the mechanism by which the US Environmental Protection Agency (EPA) and the Michigan
Department of Environmental Quality (MDEQ) would be notified In the event of any accidental, direct, untreated
discharges into Lake Huron.
Explain how and when any exceedances of Canadian water quality standards would be reported to the EPA and MDEQ.
Context:
Under the Great Lakes Water Quality Agreement (GWWQA) Canada is committed to share information on surface water
and flow in Lake Huron with US counterparts, such as the EPA and the MDEQ.
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OPG Response:
OPG’s obligation to report unplanned releases is set out in federal and Ontario legislation. Reporting is required to either
the Spills Action Centre or the Canadian Nuclear Safety Commission (CNSC), depending on the nature of the release.
These agencies then follow established procedures, as appropriate to the nature of the event, for subsequent reporting
and coordination of responses.
The Ontario Ministry of the Environment (MOE) administers regulation of “accidental, direct, untreated discharges”.
Guidance is provided in Spills Reporting - A Guide to Reporting Spills and Discharges (MOE 2007). MOE (2007, Section
3) defines:
A “spill” is a discharge into the natural environment, from or out of a structure, vehicle or other container, that is
abnormal in quality or quantity in light of all the circumstances of the discharge. In more general terms, a spill is
essentially any accidental, abnormal or inadvertent release of a pollutant discharged into the natural environment
from or out of a man-made container.
MOE (2007, Section 4) also states:
In the case of s.15 (1) of the EPA (Environmental Protection Act), a discharge must be reported if it is out of the
normal course of events and it causes or is likely to cause an adverse effect (and the person is not otherwise
required to notify the Ministry under s. 92 of the EPA). The discharger must determine whether the potential risks
that arise from events such as storm related sewage bypasses (e.g. potential health impacts to downstream
water users) meet the criteria in s.15(1) and need to be reported.
OPG does not have any reporting obligations toward foreign jurisdictions. Canada’s Release and Environmental
Notification Regulations, SOR/2011-90 (GOVERNMENT OF CANADA 2011, Section 2), under the Canadian
Environmental Protection Act confirm that, in Ontario, reports of releases are to be made to the Ministry of the
Environment Spills Action Centre.
The CNSC maintains the CNSC Emergency Response Plan (CNSC 2010). The Plan (CNSC 2010, Sections 2.1 and
3.3) describes “emergency events” and identifies the role of the CNSC, including its role “to establish and maintain
liaison with the Canadian nuclear facility or with foreign regulators (such as the United Stated Nuclear Regulatory
Commission (USNRC))”.
OPG notes that the Great Lakes Water Quality Agreement (GOVERNMENT OF CANADA AND THE GOVERNMENT OF
THE UNITED STATES OF AMERICA 2012, Article 6) states:
(a)

if a Party becomes aware of a pollution incident, or the imminent threat of a pollution incident, that could be of
joint concern to both of the Parties, it shall notify the other Party in accordance with the requirements set out in
the Canada-United States Joint Inland Pollution Contingency Plan and the Canada-United States Joint Marine
Pollution Contingency Plan. A pollution incident is a release of any pollutant of a magnitude that causes or may
cause damage to the Waters of the Great Lakes or may constitute a threat to public safety, security, health,
welfare, or property;
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(b)

the Parties shall continue to implement the CANUSLAK Annex of the Canada-United States Joint Marine
Pollution Contingency Plan, as amended, or any successor instrument, to provide a coordinated binational
approach for planning and preparedness in response to pollution incidents;

(c)

the Parties shall notify each other, through the Great Lakes Executive Committee, of planned activities that
could lead to a pollution incident or that could have a significant cumulative impact on the Waters of the Great
Lakes, such as:
i)
ii)
iii)
iv)
v)
vi)
vii)
viii)
ix)

the storage and transfer of nuclear waste or radioactive materials;
mining and mining related activities;
oil and gas pipelines;
oil and gas drilling;
refineries; power plants;
nuclear facilities;
hazardous waste storage;
treatment or disposal facilities; and
other categories of activities identified by the Parties.

The Canada-United States Joint Inland Pollution Contingency Plan (EC and US EPA 2009) provides for a binational
coordination mechanism to ensure appropriate and effective cooperative preparedness, notification, and response
measures between Canada and the United States. The objectives of the plan include developing systems for notification
within the area covered by the Inland Plan and ensuring that coordinated public information releases are made in a
timely fashion to the public in both countries. Polluting incidents are to be reported as soon as is practicable, in
accordance with Section 400 (EC and US EPA 2009) and the procedures associated with the relevant regional annex.
The Canada-United States Joint Radiological Emergency Response Plan (JRERP) (GOVERNMENT OF CANADA and
GOVERNMENT OF THE UNITED STATES OF AMERICA 1996), signed in 1996, is designed to:




Alert the appropriate federal authorities within each country of the existence of a threat from a potential or actual
radiological event;
Establish a framework of cooperative measures to reduce, to the extent possible, the threat posed to public
health, safety, property, and the environment; and
Facilitate coordination between the federal government in each country in providing support to provinces and
states affected by a potential or actual radiological event.

The JRERP designates the lead roles to the following departments:



Health Canada in Canada; and
The Environmental Protection Agency in the United States.

Canada ratified the Convention on Early Notification of a Nuclear Accident (IAEA 1986). The Convention on Early
Notification of a Nuclear Accident defines when and how the International Atomic Energy Agency (IAEA) should be
notified of a nuclear emergency with potential transboundary consequences, and when and how the IAEA would notify
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the signatories of a nuclear emergency which is of international interest.
References:
CNSC. 2010. CNSC Emergency Response Plan CAN2-1. Canadian Nuclear Safety Commission. December 2010
(Revision 6). (accessed on January 18, 2013 at http://nuclearsafety.gc.ca/eng/pdfs/emergency-response-plan/CNSCEmergency-Response-Plan-CAN2-1_e.pdf)
EC and US EPA. 2009. Canada-United States Joint Inland Pollution Contingency Plan. Environment Canada and
United States Environmental Protection Agency.
GOVERNMENT OF CANADA AND THE GOVERNMENT OF THE UNITED STATES OF AMERICA. 2012. Protocol
Amending the Agreement between Canada and the United States of America on Great Lakes Water Quality, 1978, As
Amended on October 16, 1983 and on November 18, 1987.
GOVERNMENT OF CANADA and GOVERNMENT OF THE UNITED STATES OF AMERICA. 1996. Canada-United
States Joint Radiological Emergency Response Plan (JRERP)
GOVERNMENT OF CANADA. 2011. Release and Environmental Notification Regulations, SOR/2011-90.
IAEA. 1986. Convention on Early Notification of a Nuclear Accident. International Atomic Energy Agency.
MOE. 2007. Spills Reporting - A Guide to Reporting Spills and Discharges. Ontario Ministry of the Environment.
EIS-08-345

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide an enhanced Table 4.5.2-1 that specifies the principal waste categories for each radionuclide
Context:
EIS Table 4.5.2-1: "Estimated L&ILW Radionuclide Inventory at 2062" lists the radionuclides to be stored in the DGR and
provides information on their sources. The principal waste category for each radionuclide is also of interest.
OPG Response:
Table 4.5.2-1 in the Environmental Impact Statement (EIS) (OPG 2011) is enhanced below to specify, for each
radionuclide, the principal waste categories which contribute >90% of the total inventory for the radionuclide at 2062.
The principal waste categories for each radionuclide are listed in order with the largest contributor first. The information
on the principal waste categories for each radionuclide is taken from Tables 2.5, 2.7 and 3.3 of the Reference Waste
Inventory report (OPG 2010). A description of the waste categories is provided in EIS Tables 4.5-1 and 4.5-2.

Page 31 of 62

Attachment to OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216-CORR-00531-00169
Nuclide
Ag-108m
Am-241
Am-242m
Am-243
Ba-133
C-14
Cf-252
Cl-36
Cm-243
Cm-244

Half-life (a)
1.3E+02
4.3E+02
1.5E+02
7.4E+03
1.1E+01
5.7E+03
2.6E+00
3.0E+05
2.9E+01
1.8E+01

Principal Waste Categories (% of Total Inventory)
Retube waste (pressure tubes, and calandria tubes) (95%)
Steam generators and CANDECON resin (93%)
Steam generators (96%)
Steam generators and retube waste calandria tubes (92%)
Non-pro (100%)
Moderator IX resin and retube waste pressure tubes (94%)
Non-pro (100%)
Retube waste pressure tubes (93%)
Steam generators (100%)
Steam generators, filters & filter elements and retube waste calandria tubes
(94%)
Retube waste end fittings (96%)
PHT IX resin, IX columns and misc. IX resin (96%)
Retube waste pressure tubes, PHT IX resin, IX columns and misc. IX resin
(97%)

Co-60
Cs-134
Cs-135

5.3E+00
2.1E+00
2.3E+06

Cs-137
+Ba137m
Eu-152
Eu-154
Eu-155

3.0E+01

PHT IX resin, IX columns, misc. IX resin and non-pro (94%)

1.3E+01
8.8E+00
5.0E+00

Fe-55
H-3
I-129
Ir-192m
Mn-54
Mo-93
Nb-93m
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pt-193
Pu-238

2.7E+00
1.2E+01
1.6E+07
2.4E+02
8.6E-01
3.5E+03
1.4E+01
2.0E+04
7.5E+04
9.6E+01
2.1E+06
2.2E+01
5.0E+01
8.8E+01

PHT IX resin, IX columns and moderator IX resin (100%)
Moderator IX resin and CANDECON resin (95%)
Moderator IX resin, steam generator, misc. IX resin and CANDECON resin
(97%)
Retube waste end fittings (95%)
Non-pro drummed, box compacted, non-pro and misc. IX resin (92%)
PHT IX resin and IX columns (95%)
Retube waste pressure tubes (100%)
Retube waste end fittings (96%)
Retube waste (end fittings, calandria tube inserts, pressure tubes) (99%)
Retube waste (pressure tubes and calandria tube inserts) (100%)
Retube waste pressure tube (100%)
Retube waste (end fittings and calandria tube inserts) (96%)
Retube waste (end fittings, calandria tubes and inserts) (98%)
Steam generator (92%)
Non-pro (100%)
Retube waste pressure tubes (100%)
Steam generators (92%)
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Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ru-106
Sb-125
Se-79
Sm-151
Sn-119m
Sn-121m
Sn-126
Sr-90+Y90

2.4E+04
6.5E+03
1.4E+01
3.8E+05
1.6E+03
1.0E+00
2.8E+00
3.8E+05
9.0E+01
8.0E-01
5.5E+01
2.1E+05
2.9E+01

Tc-99
U-232
U-233
U-234
U-235
U-236
U-238
Zr-93

2.1E+05
7.2E+01
1.6E+05
2.5E+05
7.0E+08
2.3E+07
4.5E+09
1.5E+06

Steam generators, CANDECON resin and misc. IX resin (95%)
Steam generators (92%)
Steam generators, misc. IX resin and CANDECON resin (93%)
Steam generators (92%)
Non-pro (100%)
PHT IX resin, IX columns and moderator IX resin (98%)
Retube waste calandria tubes and irradiated core component (93%)
Retube waste (calandria tubes and pressure tubes) (92%)
Retube waste calandria tubes and PHT IX resin (94%)
Retube waste calandria tubes (96%)
Retube waste calandria tubes (97%)
PHT IX resin, IX columns and misc. IX resin (92%)
CANDECON resin, steam generators, feeder pipes and retube waste
pressure tubes (94%)
Retube waste (end fittings, pressure tubes and calandria tubes) (97%)
Steam generators (96%)
Steam generators (94%)
Steam generators (93%)
Steam generators (91%)
Steam generators and CANDECON resin (93%)
Non-pro and steam generators (98%)
Retube waste (pressure tubes and calandria tubes) (100%)

Note that there is an error in the listed Pu-241 inventory for Refurbishment L&ILW in EIS Table 4.5.2-1 (OPG 2011). The
inventory should be 3.0E+12 Bq instead of 1.9E+11 Bq. The correct value is listed in Table 5-8 of the Preliminary Safety
Report and Table 3.3 of OPG (2010). Therefore, the total Pu-241 inventory in EIS Table 4.5.2-1 should be 4.7E+12 Bq
instead of 1.9E+12 Bq. The correct value was used in the calculations.
References:
OPG. 2010. Reference Low and Intermediate Level Waste Inventory for the Deep Geologic Repository. Ontario Power
Generation report 00216-REP-03902-00003-R003. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001-R000. Toronto, Canada. (CEAA Registry Doc#
298)
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EIS-08-351

 Section 11.4.6,
Radiological
Conditions

Information Request:
Differentiate between exceedances and target doses for project workers and members of the public. Identify the likely
dose scenarios, both acute and annual.
Provide dose estimates as specific values, or given as a range, rather than stating it will be “much lower than” a given
standard or estimate.
Context:
Section 4.1.1.4 in the EIS states that the radiological doses from radionuclide releases and direct radiation must not
exceed 50 mSv for project workers and 1 mSv for members of the public. The EIS states that estimated worker doses
from inhalation, immersion and external exposure are expected to be “much lower than OPG’s occupational target of
10 mSv/a for workers”.
OPG Response:
Dose Limits and Dose Targets
During normal operation of the DGR, the CNSC regulates radiological doses (effective and equivalent) for Nuclear
Energy Workers (NEWs) and members of the public (non-NEWs) through prescribed dose limits. In the case of DGR
operational or project workers (who are NEWs), their effective dose limits are 100 mSv averaged over 5 years with no
more than 50 mSv in any one year. For members of the public, their effective dose limit is 1 mSv per year. (See OPG
response to Information Request (IR) LPSC-01-07 for discussion of equivalent dose limits.)
In order to ensure that the regulatory dose limits are not exceeded, OPG has implemented Exposure Control Levels
(ECLs) and Administrative Dose Limits (ADLs) for NEWs and members of the public. These are dose levels that, if
reached, require additional OPG management follow-up and controls to prevent exceeding CNSC prescribed dose limits.
For comparison, for NEWs the ECL for effective dose is set at 10 mSv/yr, with an ADL of 20 mSv/yr and 50 mSv over a
5 year period. Members of the public have an ECL of 0.1 mSv/yr and an ADL of 0.5 mSv/yr.
Furthermore, consistent with the As Low As Reasonably Achievable (ALARA) principle, OPG has set a public dose
target that is lower than these ECLs and ADLs. This is an annual dose target of less than 0.01 mSv (10 μSv) for a
member of the public at the Bruce nuclear site boundary (OPG 2011, Section 7.1.2.1).
Dose Scenarios and Estimates
OPG 2011 (Chapter 7) provides estimates of radiological doses to NEWs and to members of the public under normal
and abnormal operating conditions - i.e., under annual and acute conditions, respectively. Likely dose scenarios are
those that would occur during normal operation. For both workers and public, these would be exposure to H-3 and C-14
released to the air from waste package off-gassing, and from exposure to gamma radiation from waste packages during
waste package handling over the course of a year.
The specific dose estimates are summarized in the table below for normal operating conditions. These were estimated
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based on bounding conditions. Note that worker doses will be kept within OPG limits and consistent with the ALARA
principle through design measures (such as shielding or distance) to be developed as part of the detailed design, and
through the use of monitoring, administrative controls and procedures during operations.
Nuclear Energy Worker
Exposure Scenario
Normal Operating Condition:
 Inhalation and immersion
dose due to off-gassing of
H-3 and C-14 from
emplaced waste packages
 External radiation during
package handling

Public Exposure Scenario
Normal Operating Condition:
 Dose due to airborne and
waterborne releases of H3 and C-14 from emplaced
waste packages
 External radiation from
waste packages at surface

Estimated Worker Dose

Reference

0.001 – 0.09 mSv/yr

Table 7-17 of
OPG 2011

<1 mSv/yr - control room operator
up to 7 mSv/yr – surface waste package handling
up to 10 mSv/yr - underground waste package
handling(a)
Estimated Public Dose (b)

Table 6.1 of
NWMO 2011

0.0002 – 0.0006 mSv/yr

Table 7-14 of
OPG 2011

< 0.00008 mSv/yr

Reference

Section 7.4.4.2
of OPG 2011

Notes:
a
Preliminary ALARA Assessment (NWMO 2011) estimated 25 mSv/yr without mitigation, and identified various mitigations
that could be adopted during detailed design and operations to ensure the OPG NEW dose limit is met.
b

Member of the public at the Bruce nuclear site boundary.

References:
NWMO. 2011. Preliminary ALARA Assessment. Nuclear Waste Management Organization report NWMO DGR-TR2011-36 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste – Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
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EIS-08-355

 Section 12,
Accidents,
Malfunctions and
Malevolent Act

Information Request:
Re-analyze the accident scenario to better incorporate aerial assaults.
Provide estimates of the magnitude of forces generated by an aerial impact event and how these would affect the
infrastructure and integrity of the repository.
Discuss how an attack on the above ground nuclear reactors at the Bruce Nuclear site would impact operation, security
and stability of the DGR.
Context:
The security analysis seems to be based on a land assault. There is limited consideration given to any kind of aerial
assault. Because the site is already co-located with operating nuclear reactors, it is likely to have a higher risk of
purposeful assault, including an aerial one
OPG Response:
It is important to keep in mind that OPG’s DGR:
(a) will only contain low and intermediate level waste;
(b) does not have any permanent storage of nuclear waste at surface; and
(c) waste emplacement rooms are 680 m below ground surface.
With respect to accident scenarios, the preclosure safety assessment (OPG 2011, Section 7.5) considered various
accidents at the surface Waste Package Receiving Building, assuming the building was temporarily full of waste
packages being staged for transfer underground. Scenarios included building collapse and fire. The accident
consequences for members of the public were small, e.g. dose consequences of around 0.001 mSv or less compared to
the accident dose criterion of 1 mSv.
Subsequently, OPG’s responses to Information Requests (IR) EIS-06-248 (OPG 2012a) and EIS-06-270 (OPG 2012b)
further considered large explosions, aircraft crashes and meteor impacts at the surface facility. An aerial assault could
have similar off-site consequences. The estimated public consequences for these types of events are around 0.1 mSv,
which is less than the accident dose criterion of 1 mSv. A credible aerial impact event cannot cause the release of
radioactive materials from wastes stored underground in the DGR.
With respect to a postulated attack on the nuclear reactors at the Bruce nuclear site, the consequences on the DGR
would be in large respect the same as for more conventional postulated accidents with the reactors. These are
discussed in OPG’s response to IR-LPSC-01-41 (OPG 2012c). DGR operations are relatively simple, and do not
depend on active cooling or active staffing. Backup generators at the DGR site can provide power for maintaining the
sump pumps. However, even if power is lost, the shaft bottoms have enough volume to provide water storage for
2 months at the design basis accident water inflow (4 L/s), or 1.6 years at the expected normal water inflow (0.45 L/s)
(EIS-05-185, OPG 2012d). In the event of an attack on the reactors, standard emergency protocols would be initiated at
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the DGR site, including stopping package transfer, movement of staff to safe locations, shutdown or closing up of
ventilation systems, and placement of the facility into a shutdown mode.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to a Sub-set of Package #6 Information Requests”, CD# 00216-CORR-0053100152, November 29, 2012. (CEAA Registry Doc# 823)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #6 Information Requests”, CD# 00216-CORR00531-00153, December 12, 2012. (CEAA Registry Doc# 832)
OPG. 2012c. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Requests”, CD# 00216-CORR-00531-00108, March 9, 2012.
(CEAA Registry Doc# 363)
OPG. 2012d. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
EIS-08-356

 Section 5.5,
International
Agreements

Information Request:
Provide a conceptual outline of plans on the methods, timing, and degree of information sharing proposed to address
any concerns by EPA and the MDEQ about the project's potential effects.
In particular address the communications protocol for the following:





any accidental, direct, untreated discharges to Lake Huron;
any exceedance of established Canadian radon standards;
radiation monitoring data and reporting on an annual basis and when there is an exceedance of Canadian air
quality standards; and
emergency plans that may potentially affect the United States.

Context:
The EPA and the MDEQ have requested to be informed about certain developments and monitoring parameters during
the construction and operation of the DGR.
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OPG Response:
Accidental Discharge to Lake Huron
As discussed in OPG’s response to Information Request (IR) EIS-08-340, OPG’s obligation to report unplanned releases
is set out in legislation. Reporting is required to either the Spills Action Centre or the Canadian Nuclear Safety
Commission (CNSC), depending on the nature of the release. These agencies then follow established procedures, as
appropriate to the nature of the event, for subsequent reporting and coordination of responses.
Radon
The results of the assessment (NWMO 2011a) completed for the DGR Project indicate there is no significant radon
hazard to the workers or the general public during construction and operation of the DGR. The concentration of radon in
the repository remains low during all phases of development. The highest concentration in an area where workers may
be present is on or near the waste rock pile, or in the ventilation exhaust tunnel. The concentration of radon in all
locations is less than the Derived Working Limit of 150 Bq/m3, based on the Canadian Guidelines for Management of
Naturally Occurring Radioactive Materials (HEALTH CANADA 2000). In addition, the worker dose rate is less than
1 mSv/year.
Considering the Derived Working Limit of 150 Bq/m3, there is no need for routine radon monitoring or development of an
action level. The DGR EA Follow-up Monitoring Program (NWMO 2011b) proposes checking of radon concentration
during construction, and then periodically during operation as part of routine air quality and radiological surveys to
assess its importance. An annual report will be prepared documenting the results of the DGR EA Follow-up Monitoring
Program.
Radiation Monitoring Data
The approach to regulating radioactive releases from nuclear facilities is described in the following quote from the CNSC
website (CNSC 2011):
“Radioactive releases from nuclear facilities can expose the public through a number of pathways such as
ingestion, food stuffs, and inhalation. Rather than apply specific limits to each of these, the CNSC requires that
the dose from all of these routes, to the most exposed person, does not exceed the public dose limit (1 mSv) and
be as low as reasonably achievable below the public dose limit. This is referred to as the As Low As Reasonably
Achievable (ALARA) principle. This is done by setting limits, called Derived Release Limits (DRLs), for the
airborne and liquid releases of radioactive materials under normal operation of nuclear facilities.
The DRL takes into account all exposure pathways; material falling onto the ground and absorption by crops and
animals and subsequent ingestion by persons and inhalation of air. The calculation of DRLs is based upon CSA
standard N288.1-08: Guidelines for Calculating Derived Release Limits for Radioactive Materials in Airborne
and Liquid Effluents for Normal Operation of Nuclear Facilities. The CNSC publishes the releases with respect
to the DRLs in INFO-210: Radioactive Release data from Canadian Nuclear Power Plants.
The DRLs serve to apply control at the source of release. Consequently, the release limits, or DRLs as
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mentioned above, do not specifically limit radioactivity in ambient air, but they do limit rates of radioactivity
released at the point of discharge into the environment. They account for all reasonably possible routes of
exposure from airborne releases to members of the public, including inhalation.”
The Canadian Nuclear Safety Commission (CNSC) requires that each nuclear facility report annually the results of it
radiological environmental monitoring program. A single report is prepared for the Bruce nuclear site, where Bruce
Power operates the nuclear generating facilities, and OPG operates the Western Waste Management Facility and the
proposed DGR. The report, which includes all nuclear facilities at the site, is prepared and submitted to the CNSC by
Bruce Power. The report is posted on the Bruce Power website
(http://www.brucepower.com/category/reports/environmental-reports/environmental-radiological-data/).
Emergency Plans
The Province of Ontario’s Nuclear Emergency Response Plan (EMO 2009) has been developed pursuant to Section 8 of
the Emergency Management and Civil Protection Act, R.S.O. 1990, c. E. 9 (GOVERNMENT OF ONTARIO 1990). This
Plan is administered by the Minister of Community Safety and Correctional Services of Ontario. Implementing Plans are
applied to each major nuclear site, transborder emergencies and other types of radiological emergencies, and detailed
provincial implementing plans developed. The Municipality of Kincardine Emergency Response Plan (MUNICIPALITY
OF KINCARDINE 2006, Appendix B) is the Emergency Response Plan applicable to the Bruce nuclear site.
The CNSC maintains the CNSC Emergency Response Plan (CNSC 2010). The Plan (CNSC 2010, Sections 2.1 and
3.3) describes “emergency events” and identifies the role of the CNSC, including its role “to establish and maintain
liaison with the Canadian nuclear facility or with foreign regulators (such as the United Stated Nuclear Regulatory
Commission (USNRC))”.
References:
CNSC. 2010. CNSC Emergency Response Plan CAN2-1. Canadian Nuclear Safety Commission. December 2010
(Revision 6). (accessed on January 18, 2013 at http://nuclearsafety.gc.ca/eng/pdfs/emergency-response-plan/CNSCEmergency-Response-Plan-CAN2-1_e.pdf)
CNSC. 2011. Canadian Nuclear Safety Commission website
http://nuclearsafety.gc.ca/eng/mediacentre/updates/2011/japan-earthquake/march-28-2011-japan-earthquake-safeconcentrations-of-radionuclides-air-water.cfm. (accessed on January 18, 2013)
EMO. 2009. Provincial Nuclear Emergency Response Plan, Master Plan. Emergency Management Ontario.
GOVERNMENT OF ONTARIO. 1990. Emergency Management and Civil Protection Act, R.S.O. 1990, c. E.9.
HEALTH CANADA. 2000. Canadian Guidelines for the Management of Naturally Occurring Radioactive Materials
(NORM).
MUNICIPALITY OF KINCARDINE. 2006. Emergency Response Plan, Schedule “A” to By-Law No. 2006-009.
(accessed on January 22, 2013 at
http://www.kincardine.net/public_docs/documents/MOK%20Emergency%20Response%20Plan%20rev%207%202006%
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20FINAL%20Clerk2.pdf)
NWMO. 2011a. Radon Assessment. Nuclear Waste Management Organization report NWMO DGR-TR-2011-34 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
EIS-08-357

 Section 10.1.3
Groundwater

Information Request:
Review Figures 6.6 to 6.8 in the Hydrological Modelling TSD to confirm that they accurately reproduce the pressure or
hydraulic head distribution beneath the state of Michigan portion of the Michigan Basin.
Explain the deviation between observed pressures or hydraulic head distribution beneath the state of Michigan portion of
the Michigan Basin and the modelling results presented in these figures.
Context:
Section 6.2 of the Hydrological Modelling TSD presents the results of an analysis of the hydrogeologic regime in a crossreferenced section of the entire Michigan Basin. It is not clear why this analysis was included or performed.
It appears that Figures 6.6 to 6.8 in the Hydrological Modelling TSD do not accurately reproduce the pressure or
hydraulic head distribution beneath the state of Michigan portion of the Michigan Basin. As an example, hydraulic head is
known to be extremely abnormally high in portions of the Silurian (principally the Ruff Formation and to a lesser extent
the A-2 Carbonate of the Salina Group). Additionally, the Total Dissolved Solids concentrations shown in Figure 6.5 of
the Hydrological Modelling TSD may be somewhat high for Cambrian and Ordovician formations.
OPG Response:
As described in the Hydrogeological Modelling Report (Sykes et al. 2011, Section 6.2) and in the Geosynthesis
(NWMO 2011, Section 5.4.8), the primary objective of the Michigan Basin cross-section analyses was to investigate the
over-pressures measured in the confined Cambrian aquifer beneath the Bruce nuclear site. In particular, the numerical
model was developed to explore the hypothesis that the observed over-pressures in the Cambrian could be related to
basin geometry, bedrock hydrostratigraphy and variable distribution of saline basin fluids. As part of the analyses five
scenarios were performed (Sykes et al. 2011, Table 6.1). The analyses were for illustrative purposes and no attempt
was made to calibrate the model to conditions in the Cambrian or in any other unit (NWMO 2011, Section 5.4.8). The
intent was to test numerically whether the above hypothesis could be substantiated. Based on the results, it was
concluded that the overpressures in the Cambrian could be attributable to the combined influences of basin geometry,
hydrostratigraphy, and the spatial distribution of fluid density in the Michigan Basin. No further information was drawn or
implied from the analyses in the Geosynthesis (NWMO 2011) or the Preliminary Safety Report (OPG 2011).
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References:
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeological Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
EIS-08-367

 Section 13, LongTerm Safety of
the DGR

Information Request:
Explain how OPG’s technologies and mitigation and management methods have been proven. Define the criteria used to
determine whether a technology or method is “proven”. Explain whether these “proven” technologies relate only to LLW,
or also include ILW.
Context:
It is noted in Section 3.3.5.2 of the EIS that “the engineering feasibility studies found that each of the long-term
management options is technically feasible, uses internationally proven technology and is capable of accommodating all
of the LLW currently stored and likely to be received in future.”
In Section 3.3.5.3 of the EIS it is noted that “the screening determined that, while each the options for the long-term
waste management facility had the potential to cause effects on the environment, all the identified potential effects can
be appropriately managed using proven mitigation and management methods.”
OPG should elaborate on its definition of a proven technology, and provide justification for how both the technologies
and mitigation and management methods have been proven for both LLW and ILW.
OPG Response:
The “engineering feasibility studies” in the quote provided in the Context refers to the Independent Assessment Study
(IAS) performed by Golder Associates in 2003/2004 on behalf of OPG and the Municipality of Kincardine (GOLDER
2004). The reference to “internationally proven technology” would have been made in the IAS in the context of the
options studied in the IAS, namely: Enhanced Processing and Storage, Surface Concrete Vaults and Deep Rock Vaults.
Section 2.4 in the IAS provides examples of where internationally there were facilities representing each of these options
in operation at the time, hence ‘proven’.
It is OPG’s intent to use proven technology whenever possible in the design, construction and operation of the proposed
DGR facility. In this context ‘proven’ means that the use of the technology has been successfully demonstrated before,
or is a small extension of proven technology such that there is a high level of assurance that its application will be
successful. With this in mind, OPG’s intentions in a number of areas of use of technology, mitigation methods and
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management methods are described below.
Mine Development, Operation and Closure Technology
The DGR shafts will be developed using conventional controlled drill and blast techniques, and the shaft workings (e.g.,
shaft headframes, collar, ground support, steel sets, liner, etc.) are common to the mining industry and use readily
available (“off-the-shelf”) technology and construction methodologies. The reference for lateral development is also
conventional controlled drill and blast techniques. This is common in the mining industry, and is also the means of
development in other international repository projects (e.g., Sweden and Finland). The shaft hoists, both the Koepe and
Blair multi-rope configurations, have been selected to provide a level of safety (i.e., multi-rope configurations), as well as,
having proven application tested and available in the market. The main shaft Koepe hoist is very similar in specification
to that at the Waste Isolation Pilot Plant in Carlsbad, New Mexico, which transfers low and intermediate level waste
safely and has been operating for over 20 years. The underground ventilation system consists of “off-the-shelf”
equipment that is typical of underground facilities, both mining and operating waste repositories. As described in OPG’s
response to Information Request (IR) EIS-03-64 (OPG 2012a) the closure shaft seals consist of relatively simple and
durable materials that are placed using proven application methods (i.e., placement of materials in lifts and compacted
in-place).
Refer to OPG’s presentation and written submission for the Technical Information Session #1 (OPG 2012b) for more
information on the mine development, operation and closure aspects of the DGR project.
Waste Transfer and Underground Placement
Waste container transfer processes and equipment, with the exception of transfer within the shaft, are similar to those
that have been employed in the handling of waste at OPG’s Western Waste Management Facility (WWMF) over the last
40 years. The majority of waste containers will be transferred from WWMF to the main shaft, and from the base of the
main shaft to emplacement rooms, using forklifts, the primary means of waste container transfer and stacking at the
WWMF. Transfer in the shaft, utilizes existing technology and safeguards to ensure stable and intact shipment. Refer to
OPG’s response to IR-EIS-08-344 (OPG 2013) for additional information on waste transfer.
Mitigation Methods
As part of design evolution, risk assessments are conducted to identify areas that could have an effect on conventional,
preclosure or postclosure safety of the DGR. Where possible, the risk is mitigated through the design (e.g., multi-rope
hoists, additional shielding, etc.). Where the risk is beyond the design basis or standard, additional contingency
measures may be identified. Examples of this would include the identification of water treatment options for
pre-treatment of stormwater discharge, or the identification of portable pumping equipment in the event of repository
flooding (assuming failure of the redundant dewatering system that is sized for the shaft liner failure scenario). Such
mitigation methods are being successfully utilized in many other mine-related applications, and hence are considered
well proven.
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Management Methods
The management methods employed on the DGR project are modeled on the best industry practices and the extensive
experience of OPG.
All of the above examples of ‘proven’ technologies, mitigation methods and management methods are applicable to
whether the wastes to be handled and emplaced in the repository are low-level waste or intermediate-level waste.
Different methods (e.g., provision of additional shielding) of handling higher-activity intermediate-level waste, compared
to low-level waste may be required, but these methods have been in use at the WWMF for many years.
References:
GOLDER. 2004. Final Report on Independent Assessment of Long-term Management Options for Low and
Intermediate Level Wastes at OPG’s Western Waste Management Facility. Golder Associates Ltd. report to Steering
Committee Municipality of Kincardine and Ontario Power Generation. Mississauga, Canada.
OPG. 2012a. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to Information Request (IR) Package #3”, CD# 00216-CORR-00531-00117,
July 9, 2012. (CEAA Registry Doc# 608)
OPG. 2012b. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission for the July 18, 2012 JRP Technical Information Session”, CD# 00216-CORR-00531-00123,
July 12, 2012. (CEAA Registry Doc# 636)
OPG. 2013. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the First Sub-set of Package #8 Information Requests”, CD# 00216-CORR00531-00160, February 14, 2013. (CEAA Registry Doc# 886)
EIS-08-369

 Section 14,
Cumulative
Effects
Assessment

Information Request:
Explain why economic boom and bust socioeconomic effects were not considered at the level of cumulative effects
assessment.
Describe the mitigation measures to be taken should cumulative boom and bust effects be reasonably anticipated.
Context:
Section 7.10.2 of the EIS discusses the benefits of job creation, and OPG notes that “the DGR Project is forecast to
create 650 jobs in the Local and Regional Study Area during peak construction, 128 jobs per year on average during
operations and 548 jobs per year on average during decommissioning.”
Figure 7.10.2-2 indicates that the number of jobs in the region is expected to increase from less than 100 jobs in 2054,
up to over 1,300 jobs in 2060, and then decrease down to 0 jobs by 2064. A smaller, but potentially still significant drop is
expected to occur between 2016 and 2018.
In Section 6.10.4.2 of the EIS, it is noted that a few stakeholders “indicated that adverse effects on the local economy
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were evident after the Bruce A station was laidup in 1998 and some indicated that the ’boom and bust’ cycle associated
with the facility has made it difficult to plan for the future. Others indicated a need for the economy to be more diversified
to avoid complete dependency on the jobs generated by the presence of the Bruce nuclear site.”
OPG Response:
“Boom and bust” economic effects are generally observed before and after particularly intense periods of work featuring
rapid expansion or development, followed by rapid decline, project closure or abandonment. Such effects are typically
associated with large transient workforces entering and leaving small rural or remote communities that do not have the
infrastructure, services or past experience to cope with such rapid change. This phenomenon is normally associated
with development projects on a larger scale than the DGR Project. The DGR Project was not considered to be a major
construction undertaking within the context of other projects that have taken place in the same vicinity (i.e., Bruce
Restart, which was of a larger scale); consequently, boom and bust effects were not anticipated.
One of the main issues that can influence boom and bust effects is the temporarily increase in local populations from
transient workers. This can affect issues such as use of infrastructure, demand on housing and temporary
accommodations, demands for emergency services, healthcare, and other facilities and services.
With regard to the DGR Project, the site preparation and construction phase will require an on-site workforce of up to 200
workers for approximately six years. In absolute terms, this is a small labour force. When compared to the existing
labour force on the Bruce nuclear site, the Local Study Area (LSA) and Regional Study Area (RSA), this is an extremely
small labour force.
Nevertheless, it is anticipated that some competition for temporary accommodation would occur but it is not expected to
be of sufficient magnitude to affect the tourism accommodation industry in the LSA and RSA. Rather, the increased
demand for accommodation is likely to help maintain the economic viability of these accommodation providers,
particularly in the off-peak seasons. Regardless, this is not expected to be of sufficient magnitude to generate
substantial reinvestment into these facilities by their owners. Therefore, no major growth or “boom” to tourist
accommodations is anticipated because of the DGR Project, and thus no subsequent “bust” will follow. This has been
the history and experience in the south Bruce area for decades.
Similarly, since the increased population associated with the DGR Project is expected to be small and will not impose a
noticeable increase in demand on housing stock, municipal infrastructure or health and safety facilities and services, it is
also expected that the small population increase will not change the overall demand for the recreational opportunities.
Again, because of the small size of the labour force associated with the site preparation and construction phase, it was
not anticipated that adverse effects on health and safety facilities and services would occur. In fact, the results of the
socio-economic assessment indicated that the population increase in this phase (associated not just with the increased
labour force but with overall population increase) would result in the need for barely measureable increases in additional
requirements for health and safety services. During construction, the DGR Project is predicted to result in an average
annual requirement for additional capacity across the RSA of approximately:


0.8 in-patient hospital beds;
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0.8 staff persons for both emergency medical and police services; and
2 firefighters (AECOM 2011, Table 8.3.2-2).

The additional 0.8 staff persons for both emergency medical and police services indicates that the additional
requirements for these services are quite small. Stakeholder interviews with local and regional police services indicated
that the DGR Project is not a major concern for these operations, and that the DGR Project would not change the
activities of police services in the area. In fact, one representative stated that the DGR Project would change the image
of the community by making it more self-reliant and more secure. However, none of the representatives from police
services stated that transient workers and potential social problems associated with those workers were a concern.
In conclusion, boom and bust effects were not anticipated due to the scale of the project; therefore, these effects were
not carried forward to the assessment of cumulative effects. The DGR Project is not considered to be a major project
and additional workers are not expected to merit significant changes or undue stresses on the socio-economic
environment including tourist accommodations or health and safety facilities and services.
Reference:
AECOM CANADA Ltd. 2011. Socio-economic Environment Technical Support Document. AECOM Canada Ltd. report
for the Nuclear Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry
Doc# 299)
EIS-08-370

 Section 2.5,
Precautionary
Approach

Information Request:

 Section 10.41.4,
Terrestrial
Environment

Provide a detailed record of the searches completed to identify species and the rationale for not conducting field studies
to ascertain species of natural conservation status at a federal, provincial, regional or local level and their critical habitats
in the Study area, and support for the statement made in CEARIS Document # 683 that “there have been no records
since 1990 of eastern foxsnake occurring in proximity to the DGR Project site”, and the conclusions that the species
identified are not of a concern for the DGR Project.

 10.1.5, Aquatic
Environment

Provide a record of the searches completed on the significant species and an explanation for the classification or failure
to update the status of the following species:





Regina septemvittata, Queensnake, listed as Threatened in the EIS – status changed to Endangered in April
2010
Panterophis gloydi, Eastern Foxsnake, listed as Threatened in the EIS – Status of Great Lakes/St. Lawrence
population designated Endangered in April 2008
Caprimulgus vociferous, Whip-poor-will not classified in the EIS – status change to Threatened in April 2009
Melanerpes erythrocephalus, Red-headed Woodpecker, listed as species of concern in the EIS – status
changed to Threatened in April 2007.

Context:
The Inverhuron District Ratepayers Association indicates that local residents have reported sightings of several species
of concern in the Local Study Area, including a report of an Eastern Foxsnake. The Association stated that the sighting
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the species was confirmed by a biologist visiting the area and was reported to the MNR. The Association further
indicates that residents have also reported sightings Eastern Milksnakes, Bobolink, Barn Swallows and Indian Cord
Grass.
OPG Response:
As part of the background studies completed for the DGR Project, a number of sources were consulted for information
on species occurrences within the Project, Site, Local and Regional Study Areas. The Ministry of Natural Resources
(MNR) Natural Heritage Information Centre (NHIC), which documents current and historical species account records in a
geographic distribution format, was one of the sources consulted. This database documents and tracks records for rare
and uncommon species in the province, including those species regulated under the Endangered Species Act
(Government of Ontario 2007) and the Species at Risk Act (Statues of Canada 2002, Statutes of Canada 2012).
Information obtained through data searches was compiled and reported in the Terrestrial Environment Technical Support
Document (TSD) (GOLDER 2011) in the body of the report and tabulated in Appendix C.
The background review was completed to characterize existing conditions within the study areas in 2006. A number of
the species listed in the request were identified through the background review, including: queensnake, eastern foxsnake
and eastern milksnake. Potential for the Site Study Area to provide habitat for these species was considered to
determine the type and extent of field data collection programs required to accurately characterize the baseline
conditions within the Site Study Area (i.e., the area within the boundaries of the Bruce nuclear site, and any extension of
the reactor exclusion areas into Lake Huron).
Detailed field data collection was completed for the DGR Project, targeting species that were identified as Valued
Ecosystem Components (VECs) for the environmental assessment, and for species groups including plant community
mapping and vascular plant inventories, breeding birds, breeding amphibians, turtle habitat, muskrat habitat, white-tailed
deer habitat, wild turkey habitat, migratory waterfowl survey, small mammals and aerial wildlife surveys. Species records
collected during field data collection for the DGR Project were compiled and presented within the TSD.
Queensnake
Queensnake is listed as Endangered by COSEWIC (2010), Endangered under the federal Species at Risk Act (SARA)
(Statues of Canada 2012) and Endangered under Ontario’s Endangered Species Act (ESA) (Government of Ontario
2007). Queensnake is listed in Table 5.8.2-2 (Provincially Significant Wildlife Species in Local Study Area Based on a
review of the NHIC Database) of the Terrestrial Environment TSD (GOLDER 2011). Species-specific surveys were not
completed for this species due to the limited habitat potential within the Site Study Area. Habitat potential for this
species within the Site Study Area has been previously discussed in the supplementary response to Information Request
EIS-01-15 (OPG 2012).
Eastern Foxsnake
The eastern foxsnake (Carolinian population) and the eastern foxsnake (Georgian Bay population) (collectively referred
to as “eastern foxsnake”) are listed as Endangered and Threatened respectively under the provincial ESA (Government
of Ontario 2007). This species is also listed as Endangered under the federal SARA (Statues of Canada 2002). The
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historical eastern foxsnake occurrence documented in MacGregor Park is considered to be part of the Georgian Bay
population (not the Carolinian population), and is Threatened provincially. This species is discussed in the Terrestrial
Environment TSD (GOLDER 2011) in Table 5.8.3-2 (Provincially Significant Wildlife Species in Regional Study Area,
based on a review of the NHIC Database) and in Section 5.7.2.3 on Herpetofauna in the Local Study Area.
In an effort to confirm the eastern foxsnake record noted by the Inverhuron District Ratepayers Association above, an
updated review of the MNR Natural Heritage Information Centre database was completed in January 2013. The
database review did not provide any confirmed records for eastern foxsnake in the Local Study Area. Reporting
submitted in support of the DGR Project is limited to confirmed species records documented within readily accessible
databases or through data requests submitted through the MNR. As a result, the record noted above would not be
available to include in the records review table.
Red-headed Woodpecker
Red-headed woodpecker is designated as Threatened in Canada (COSEWIC 2007) and Special Concern in Ontario
(COSSARO 2008). This species was not identified in the background sources reviewed as part of the assessment.
Breeding bird surveys completed in 2007 and 2009 within the Site Study Area for the DGR Project were conducted in
such a way that red-headed woodpecker would have been detected if present (i.e., surveys were conducted in the right
habitats and time periods). In addition, an updated search of the NHIC database did not indicate that this species has
been documented in the Local Study Area.
Whip-poor-will
Whip-poor-will is designated as Threatened nationally by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC 2009) and provincially by the Committee on the Status of Species at Risk in Ontario (COSSARO 2009). This
species appears in Table C-5 (Species of Conservation Priority in Bruce County found within the Regional Study Area)
and in Table 5.8.3-2 (Provincially Significant Wildlife Species in Regional Study Area Based on a review of the NHIC
Database) of the Terrestrial Environment TSD. Whip-poor-will was not identified in the Site Study Area during the
breeding bird surveys completed for the DGR Project. However, two individuals were heard calling during the amphibian
call count surveys completed on May 7, 2009 within the Site Study Area. The locations of these individuals could not be
confirmed and the records are therefore considered to be incidental as no other occurrences were documented through
the field data collection programs for this project. Species-specific surveys for whip-poor-will were not recommended for
the DGR Project based on the limited habitat potential for this species within the Site Study Area.
Bobolink
This species is designated as Threatened in Canada (COSEWIC 2010) and Ontario (COSSARO 2010). The species is
discussed in Table C-5 (Species of Conservation Priority in Bruce County found within the Regional Study Area) and in
Section 5.7.2.1 of the Terrestrial Environment TSD (GOLDER 2011) on birds in the Local Study Area. This species was
not identified within the Site Study Area during breeding bird surveys conducted in 2007 and 2009 for the DGR Project.
Additionally, habitat opportunities for this species are limited within the Site Study Area due to the disturbed nature of the
open areas; therefore, species specific surveys targeting bobolink were not completed as part of the DGR field data
collection program.
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Barn Swallow
Barn Swallow is listed as Threatened in Ontario (COSSARO 2011) and Canada (COSEWIC 2011). This species was
not identified in the Site Study Area during the breeding bird surveys completed in 2007 and 2009 for the DGR Project.
Species specific surveys were not completed as part of the DGR field data collection program due in part to habitat
limitations and because the Threatened status for barn swallow was applied after submission of the final Terrestrial
Environment TSD (GOLDER 2011).
Indian Cord Grass
This species was not identified in any of the background documents or databases consulted in support of the DGR
studies. The following sources were searched:








Ontario Ministry of Natural Resources (MNR) Natural Heritage Information Centre (NHIC) Biodiversity Explorer
geographic, species and natural areas information queries;
Readily available MNR mapping and existing studies (this includes wetland evaluation records);
Information (including any watershed studies and wetland mapping) and mapping available through the local
conservation authorities (if available) for the site and surrounding area;
Royal Ontario Museum (ROM) range maps (2010);
Official plans of the local planning authorities;
Natural heritage related map layers from Ontario Base Map series, Natural Resource Values Information System
(NRVIS) and Land Information Ontario (LIO); and
Existing high resolution orthophotography.

The only cord grass identified in this part of the province is tall cord grass (Spartina pectinata), which is considered
native in Ontario. Dore and McNeill (1980) show it as having a scattered distribution along the shores of Lakes Ontario,
Erie and Huron and a moderately common distribution along the Ottawa River, as far north as Chalk River. The MNR
Natural Heritage Information Centre classifies it as an ‘S4’ species (Apparently Secure - Uncommon but not rare; some
cause for long-term concern due to declines or other factors). It may be considered rare in Bruce County. This species
does not have any special designation under legislation and is not considered a provincially rare species by Oldham and
Brinker (2009). The national rank of the species is ‘G5’ (Very common; demonstrably secure under present conditions)
for its abundance along the shores of the St. Lawrence River, east of Ontario, and is a common component of the prairie
slough wetlands, west of Ontario.
References:
COSEWIC. 2007. COSEWIC assessment and status report on the Red-headed Woodpecker Melanerpes
erythrocephalus in Canada. Committee on the Status of Endangered Wildlife in Canada. (available at
http://publications.gc.ca/collections/collection_2007/ec/CW69-14-16-2007E.pdf)
COSEWIC. 2009. COSEWIC assessment and status report on the Whip-poor-will Caprimulgus vociferous in Canada.
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Committee on the Status of Endangered Wildlife in Canada. (available at
http://publications.gc.ca/collections/collection_2009/ec/CW69-14-574-2009E.pdf)
COSEWIC. 2010. COSEWIC assessment and status report on the Bobolink Dolichonyx oryzivorus in Canada.
Committee on the Status of Endangered Wildlife in Canada. (available at
http://www.avibirds.com/saps/NA/Canada/EN/Bobolink2010.pdf)
COSEWIC. 2011. COSEWIC assessment and status report on the Barn Swallow Hirundo rustica in Canada.
Committee on the Status of Endangered Wildlife in Canada. (available at
http://www.avibirds.com/saps/NA/Canada/EN/Barn%20Swallow2011.pdf)
COSSARO. 2008. Priority List of Species to be Assessed and Classified by COSSARO. (Accessed February 5, 2013,
at http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@species/documents/document/262882.pdf)
COSSARO. 2009. 2009 Annual Report from the Committee on the Status of Species at Risk in Ontario (COSSARO) to
the Minister of Natural Resources.
COSSARO. 2010. COSSARO Candidate Species at Risk Evaluation Form for Bobolink (Dolichonyx oryzivorus).
COSSARO. 2011. COSSARO Candidate Species at Risk Evaluation Form for Barn Swallow (Hirundo rustica).
Dore, W.G. and J. McNeill. 1980. Grasses of Ontario. Monograph 26. Research Branch. Agriculture Canada. Ottawa,
Canada.
GOLDER. 2011. Terrestrial Environment Technical Support Document. Golder Associates Ltd. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-05 R000. Toronto, Canada. (CEAA Registry Doc# 299)
Government of Ontario. 2007. Endangered Species Act S.O. 2007, Chapter 6.
Oldham, M.J. and S.R. Brinker. 2009. Rare Vascular Plants of Ontario. 4th Ed. Natural Heritage Information Centre.
Ontario Ministry Natural Resources. Peterborough.
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Previously Committed Responses to Information Requests”, CD# 00216-CORR-0053100126, August 9, 2012. (CEAA Registry Doc# 683)
Statutes of Canada. 2002. Species at Risk Act. Chapter 29.
Statutes of Canada. 2012. Order Amending Schedule 1 to the Species at Risk Act. P.C. 2012-837.
EIS-08-380

 Section 10.1.1
Geology and
Geomorphology

Information Request:
Provide information regarding missing information about the occurrence of reefs in the 3DGFM Model.
How would the presence of reefs affect the model and what are the key pieces of the geosynthesis that might be affected
by their inclusion?
How would the presence of reefs (on site and regionally) – that may be highly permeable – affect the long term safety
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case, given that the system is diffusion dominated?
Quantify the uncertainties associated with construction of the model, arising from the interpolation of information from
adjacent wells and the grouping together of stratigraphic surfaces and uneven borehole distribution in the Regional Study
Area.
Context:
This IR relates to confidence in the Three Dimensional Geological Framework Model (3DGFM) as a predictive tool,
which was presented at the October 11, 2012 Technical Information Session.
The model is important as the framework used in the analysis of the geological evolution of the Regional Study Area
(RSA). In particular, it is important because it is used as the framework for the regional hydrogeological modeling in the
RSA. Both are key components for the long term safety case.
Table 2.1 in the 3DGFM report documents the occurrence of reefs in the RSA, yet they are not included in the model.
This requires an explanation.
Uncertainties inherent in the construction of the model require discussion to determine how they may impact the safety
case.
The process of interpolating stratigraphic surfaces from historic well logs has been described, but not quantified. Most
boreholes lie to the south of the proposed DGR site, and there is one significant cluster of wells to the northeast of the
site. Of the 299 wells, only 73 reach the Precambrian basement. Furthermore, borehole information from Michigan was
used to extrapolate the model beneath Lake Huron, to the west of Bruce.
OPG Response:
Silurian Reef Occurrence
The occurrence of Silurian pinnacle and barrier reef complexes will not materially affect the DGR safety case or the
finding that mass transport processes in the enclosing Ordovician sediments are diffusion dominant. This assessment is
based on both geologic observation and insights gained from hydrogeologic modelling at regional and local scales.
Several lines of evidence gathered during the geoscientific investigations for the DGR that support this interpretation are
outlined below. The information is provided in addition to that in OPG’s response to Information Request (IR) EIS-05211 (OPG 2012) on the topic of pinnacle reef geometry and likelihood that undiscovered pinnacle reef structures exist
above the DGR footprint.


Silurian barrier and pinnacle reef complexes within the Guelph Formation were included in the 3DGF model
(Figure 6.17 of the Regional Geology – Southern Ontario report; AECOM and ITASCA CANADA, 2011).
Although the Guelph Formation is included within the Niagaran Group, Figure 6.17 shows the distribution of the
pinnacle reefs as isolated peaks in the thin inter-reef zone, while the barrier complex is located to the northeast
of the pinnacle reef belt, more than 10 km away from the site. The regional cross-section through the Bruce
nuclear site shown in Figure 2.23 of the Geosynthesis (NWMO 2011a) illustrates a thickening of the Niagaran
Group, the result of an exaggerated Silurian pinnacle reef structure and the associated barrier reef complex
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further to the east. At this distance from the site, the barrier reef complexes will not influence the results of the
hydrogeologic modelling, particularly with respect to the stability or resilience of the groundwater system within
the underlying low permeability Ordovician sediments. This assertion is consistent with observed geologic,
hydrogeologic and pore fluid hydrogeochemical data gathered at the site.


The Guelph Formation was less than 5.5 m thick in all cored DGR boreholes. For the purpose of the Descriptive
Site Geosphere Model at the Bruce nuclear site it has an estimated thickness of 4.1 m (Sterling and Melaney
2011; INTERA 2011, Table 3.17), which includes DGR-8, a borehole drilled and cored to a depth of 725 m at
the location of the main DGR shaft in 2011. This thickness, and predominantly brown sucrosic dolostone
lithology, is characteristic of the non-reefal, inter-pinnacle facies of the Guelph Formation (INTERA 2011, Section
3.8.4.1).



Pinnacle reefs have an average plan area of <120 hectares (ITASCA CANADA and AECOM 2011) but may
range up to >800 hectares (Matson 1991). The inclusion of borehole data from DGR-8 (Guelph Formation = 5.4
m thick), approximately 700 m equidistant from perimeter DGR boreholes 1, 3 and 4, provides spatial coverage
such that the likelihood of a pinnacle reef occurring above the DGR footprint is extremely low (see OPG’s
response to IR-EIS-05-211 (OPG 2012) and Briscoe and Sterling 2012).



Evidence of meteoric or glacial meltwater recharge in the sedimentary sequence beneath the Bruce nuclear site
indicates a maximum penetration depth of approximately 325 m (i.e., within the Salina A1 aquifer). The high
total dissolved solids concentration (370 gm/L) and absence of a depleted 18O signature within the underlying
Guelph aquifer (378 mbgs) strongly indicates that it has not been influenced by or mixed with surface meteoric or
glacial recharge (INTERA 2011, Section 4.6.5 and Figure 4.53; NWMO 2011a, Section 4.6).



The DGR is approximately 270 m below the Guelph Formation (Sterling and Melaney 2011). The nearhorizontally layered Ordovician and Lower Silurian bedrock formations that intervene between the DGR and the
Guelph Formation possess vertical hydraulic conductivities of 10-13 m/s or less. Formation hydraulic
conductivities on this order are consistent with a long-lived diffusion dominant transport regime (NWMO 2011a,
Section 5.5).

Based on the multi-disciplinary information above and that provided in OPG’s response to IR-EIS-05-211, it is
improbable that on-site or regional Silurian age reef complexes would influence the DGR safety case or the
determination of a low permeability diffusion dominated transport regime in the Ordovician sediments proposed to host
and enclose the DGR.
3-DGF – Model Uncertainties
The modelling workflow for the 3DGF model was developed in order to specifically address the issue of uncertainty. It is
understood that the uneven borehole distribution throughout the study area and the historical nature of the data would
impose certain limitations to the interpretation. However, the following measures were taken during model development:


All available data sources were included in the model development : Ontario Oil, Gas and Salt Resources Library
(OGSRL); Petroleum Wells Subsurface Database (Borehole records 1930-present); Ontario Geologic Survey
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Digital Bedrock Geology of Ontario Seamless Coverage ERLIS Data Set 6 (Scale 1:50,000); Historic borehole
geophysical survey logs from selected wells within the RSA (OGSRL); OGS Open File Report 6191, “An updated
guide to the Paleozoic stratigraphy of southern Ontario” (Armstrong and Carter 2006); Michigan Department of
Natural Resources and Environment, Petroleum Well Database; OGS Digital Bedrock topography and
overburden thickness mapping, Southern Ontario – Miscellaneous Data Release no. 207; and National Oceanic
and Atmospheric Administration (NOAA) digital bathymetry mapping of Lake Huron and Georgian Bay (Great
Lakes Bathymetry Gridding Project 2007).


Historical drilling records were screened for obvious errors (e.g., incorrect stratigraphic contacts and collar
ground surface elevations).



Reference wells and associated geophysical logs were included in the model (Armstrong and Carter 2006).



The DGR core formation picks were determined based on the results from four core workshops with participation
from industry, academic and government experts.



A Regional Scale Statistical Analysis test was performed: For this test, a formation surface was generated using
67% of the wells intersecting the Sherman Fall Formation, and then the additional 33% of the wells were input
into the test model to compare between their actual and predicted depths (R2 coefficient of determination =
0.99). Overall, the difference between predicted and actual formation depths at borehole control points is within
several metres on the regional scale that spans approximately 35,000 km2.



A Site Scale Blind Depth test was performed: For this test, a prediction was made of the formation tops that
would be encountered beneath the location of the DGR-4 borehole based on the model subsurface formation top
projections beneath the Bruce nuclear site. The results indicate that this test predicted or estimated the DGR-4
contacts to within metres, with one exception in the Kirkfield Formation, which was a result of a modification in
the formation top pick criteria as a result of the core logging workshops with industry, government and academic
experts.

The measures listed above were taken in order to minimize the total uncertainty during development of the 3DGF model.
The model result is consistent with the present stratigraphic understanding and nomenclature in the literature (e.g.,
Armstrong and Carter, 2006 and 2010), and all formation contacts at reliable well locations are matched. In addition, all
data sets and formation surface contour maps have been provided for independent assessment and review. Neither the
grouping together of individual layers in the 3DGF model or the limitations of the regional borehole dataset used to
construct the model, increase the uncertainty of results from the long-term safety analyses, given the diffusion dominant
nature of the deep groundwater system beneath the site (NWMO 2011a; Sections 4.3.3, 4.4.3, 4.4.4, 5.2 and 5.4.1).
As described in the Geoscience Verification Plan (NWMO 2011b), activities undertaken to confirm sub-surface conditions
during vertical and lateral DGR development in support of an Operating Licence application will provide another
opportunity to assess confidence in the understanding of the site (NWMO 2011a, Section 2.3.4) and regional (NWMO
2011a, Section 2.2.5.2) scale bedrock stratigraphy and structure. In particular, new stratigraphic information from any
new regional scale drilling and site specific sub-surface geologic mapping would be used to further test and evaluate the
sufficiency of the 3DGF model. This assessment would be documented in an updated Geosynthesis prepared as a
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supporting document to the DGR Operating Licence application.
References:
AECOM and ITASCA CANADA. 2011. Regional Geology – Southern Ontario. AECOM Canada Ltd. and Itasca
Consulting Canada, Inc. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-15 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Armstrong, D.K. and T.R. Carter. 2006. An Updated Guide to the Subsurface Paleozoic Stratigraphy of Southern
Ontario. Ontario Geological Survey, Open File Report 6191.
Armstrong, D.K. and T.R. Carter. 2010. The Subsurface Paleozoic Stratigraphy of Southern Ontario. Ontario
Geological Survey, Special Volume 7.
Briscoe, G. and S. Sterling. 2012. Drilling, Logging and Sampling of DGR-7 and DGR-8. DGR Shaft Investigation
Document. Geofirma Engineering Ltd report for the NWMO TR-11-02 Rev.0. Ottawa, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste Management
Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA CANADA and AECOM. 2011. Three-Dimensional Geological Framework Model. Itasca Consulting Canada,
Inc. and AECOM Canada Ltd. report for the Nuclear Waste Management Organization NWMO DGR-TR-2011-42 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrgeoscientificsitecharacterization)
Matson, M.M. 1991. Introduction, for southwestern and southeastern Niagaran. In: Wollensak, M.S., ed., Michigan
Basin Geological Society. Oil and Gas Field Manual of the Michigan Basin, v.2, pp.175–176.
NWMO. 2011a. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011b. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO DGR-TR2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository Project for Low and Intermediate
Level Waste – Submission of Responses to the Final Sub-set of Package #5 Information Requests”, CD# 00216-CORR00531-00146, November 7, 2012. (CEAA Registry Doc# 793)
Sterling, S. and M. Melaney. 2011. Bedrock Formations in DGR-1 to DGR-6. Geofirma Engineering Ltd. report TR-0911 Rev.0. Ottawa, Canada. (available at http://www.nwmo.ca/dgrsitecharacterizationtechnicalreports)
EIS-08-382

 Section 8,
Description of the
Project

Information Request:
Provide 'What-if' hydrogeologic modelling scenarios using hypothetical Precambrian hydraulic head values to
demonstrate its influence on contaminant transport. Include over and underpressure conditions in these scenarios.

 Section 10.1.1,

Page 53 of 62

Attachment to OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216-CORR-00531-00169
Geology and
Geomorphology
 Section 10.1.3,
Groundwater
 Section11.4.1,
Geology and
Geomorphology
 Section 11.4.2,
Surface Water
 Section 11.4.3,
Groundwater

Context:
The Cambrian Sandstone exhibits the highest vertical hydraulic gradients and hydraulic conductivity in the site. It is
important to know what boundary condition (head) is responsible for this gradient as this implies an overall upward
hydraulic gradient and flow through the site, possibly to the ground surface.
OPG Response:
The Geosynthesis (NWMO 2011) provides a basis for understanding the evolution of the groundwater system within the
sediments proposed to host and enclose the Deep Geologic Repository (DGR) for Low and Intermediate Level
Radioactive waste. To this end, the Geosynthesis relies on both the interpretation of site-specific data, as well as
illustrative numerical simulations, to assess groundwater system properties, past and future groundwater system
boundary conditions, groundwater flow rates, and containment transport mechanisms. The Geosynthesis is supported
by more than 40 numerical simulations, including ‘what-if’ simulations, of the groundwater system. A summary of the
approach and strategy for application of the numerical models, as well as the insight gained as a result of the numerical
simulations, particularly with respect to the role of groundwater system uncertainty on the understanding of contaminant
transport, is provided by Sykes et al. (2011, Section 7.0).
With respect to the noted abnormal over- and under-pressures, specific simulations to examine the potential origin of
these abnormal pressures and their influence on contaminant transport mechanisms, are described by Sykes et al.
(2011; Sections 4.5.5, 6.0 and 7.4). The results from the suite of numerical simulations, designed to bound groundwater
system behaviour at timeframes relevant to illustrating DGR performance, indicate that the diffusion-dominant
contaminant transport regime in the thick (≈380 m) Ordovician sequence is insensitive to assumed boundary conditions.
This finding is consistent with other lines of evidence gathered during field investigations, as described in the
Geosynthesis (NWMO 2011, Section 8.0). The additional lines of evidence, with respect to the long-lived diffusiondominated regime in the confining Ordovician sediments (e.g., despite observed abnormal over- and under-pressures),
are summarized below.






Horizontal hydraulic conductivities (KH) within the Cobourg Formation (proposed DGR host rock), the overlying
Ordovician shales (Georgian Bay, Blue Mountain and Queenston Formations, and the Collingwood Member of
the Cobourg Formation), and the underlying Ordovician limestones and dolostones (Sherman Fall, Kirkfield,
Coboconk, Gull River, and Shadow Lake Formations) are extremely low (≈10-15 to 10-10 m/s). Vertical hydraulic
conductivities within the same formations are lower. Such conditions are consistent with a diffusion-dominated
regime (NWMO 2011; Sections 5.2 and 5.4.1; Figure 5.1).
The effective diffusion coefficient (De) for tritiated water (HTO) in the Ordovician shales is on the order of 10-12
m2/s, and in the carbonates is 10-13 to 10-12 m2/s (NWMO 2011; Section 4.3, Figure 5.7). The low De values,
coupled with the low hydraulic conductivities of the Ordovician sediments, indicate that solute migration is
diffusion-dominated in the deep groundwater system.
The occurrence of isotopically distinct types of methane and helium in separate zones (one zone in the Upper
Ordovician shale and another zone in the Middle Ordovician carbonates) indicates that there has been little to no
cross-formational mixing (advective or diffusive) while these gases were resident in the system (NWMO 2011,
Section 4.4.3).
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The radiogenic strontium ( 87Sr/86Sr) ratios in the Middle and Upper Ordovician porewaters are interpreted to
result from a combination of water-rock interaction, in situ rubidium ( 87Rb) decay, and diffusive transport upward
from the underlying Precambrian shield (NWMO 2011, Section 4.4.4);
The chemistries of the deep brines indicate that they are of evaporated seawater origin, and have been modified
over time by fluid-rock interaction processes (NWMO 2011, Section 4.3.3). The Cl/Br and Na/Cl ratios, as well
as the stable water isotope data for the site, suggest that the deep groundwater system contains evolved ancient
sedimentary brines at, or near, halite saturation.
Illustrative hydrogeochemical modelling suggests that the currently measured natural tracer (18O, Cl) profiles
could evolve by diffusion from baseline conditions (evaporated seawater composition) in the timeframe of
approximately 300 Ma (NWMO 2011, Section 4.5).

These lines of evidence, coupled with aforementioned insights gained from the hydrogeologic modelling, provide a
compelling case that contaminant transport within Ordovician sediments proposed to host and enclose the DGR has
remained diffusion-dominated in spite of the existence of the observed anomalous hydraulic heads and past geologic
perturbations.
The postclosure safety analyses have considered, among other factors, the influence of abnormal over- and
underpressures on flow and contaminant transport. All analyses included the Cambrian overpressure, while some
analyses conservatively neglected the Ordovician underpressures. The analyses are summarized in the Preliminary
Safety Report (OPG 2011, Section 8); see for example Figure 8-19 for the modelled hydraulic head profiles and Figures
8-26 and 8-27 for some results. Details on the effect on flow and contaminant transport are given in the supporting
reports, including GEOFIRMA (2011).
References:
GEOFIRMA. 2011. Postclosure Safety Assessment: Groundwater Modelling. Geofirma Engineering Ltd. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-30 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR TR-2011-11 R000.
Toronto, Canada. (CEAA Registry Doc# 300)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Preliminary Safety Report.
Ontario Power Generation report 00216-SR-01320-00001 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Sykes, J.F., S.D. Normani and Y. Yin. 2011. Hydrogeologic Modelling. Nuclear Waste Management Organization
report NWMO DGR-TR-2011-16 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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EIS-08-394

 Section 8.3,
Operation
 Section 11.4.1,
Geology and
Geomorphology

Information Request:
a) Provide an estimate of volume of rock potentially requiring management based on all COPCs including selenium
concentration in the shake flask tests.
b) Provide the rationale for comparing leach test concentrations to surface water quality objectives rather than
predictions from the problematic material, which would matter in the design of the stormwater management
pond.
Context:
a) In its response to EIS 04-159 OPG indicates that: "It is assumed that, based on that response, zones of
mineralization refers to the Ordovician shales that are intersected within the vent and main shaft only and
represent approximately 4% by volume the rock to be placed in the Waste Rock Management Area (WRMA) and
which will be stored in a temporary stockpile within the WRMA. GOLDER (2011, Table 3) reports that the highest
concentrations of trace metals (As, Cu, Co, Ni, Pb, Tl and Zn) are found in the shale sequence."
OPG should consider also selenium, which is higher than the 0.001 mg/L CCME water quality guideline (See
certificate of analysis table of Golder 2011) in the DGR 4 borehole at depths of 114.35 and 157.25 meters as
well as in the DGR3 borehole at depths of 318.7, 589.63, 589 and 647.39 meters. Considering that these tests
are done at several meters apart from each other and in some instances tens of meters above the Cobourg
formation, it is possible that an appreciable volume of waste rock may be of concern with regards to Se and
other COPCs.
b) As reported in GOLDER (2011) and in OPG’s response to IR-EIS-03-96, the results of short-term laboratory
leach testing indicate a potential for some metals (aluminum, boron, cobalt, thallium and vanadium) to leach at
concentrations slightly above the Provincial Water Quality Objectives (MOEE 1994). However, these tests are
considered to be conservative and not fully representative of weathering and other processes likely to occur in
the field.
CNSC acknowledged that shake flask tests were not a representation of a rock pile but were part of the process
in predicting neutral drainage (acid mine drainage conditions?). It should be noted that the leach tests were done
on a 4:1 water to rock ratio compared to the recommended 3:1 which means that concentrations reported in
Golder 2011 are less conservative than OPG claims.
OPG Response:
All rock that is excavated from the two shafts and repository and brought to surface will be managed and placed in the
Waste Rock Management Area (WRMA). The Environmental Impact Statement (EIS) (OPG 2011, Table 4.7.5-1)
presents information on rock volumes. The quality of the water that comes in contact with the waste rock (both seepage
water and runoff) will be monitored to determine concentrations of Contaminants of Potential Concern (COPC) that
would drain to the Stormwater Management Pond (SWMP).
Laboratory leachate concentrations were compared to surface water quality objectives prior to any water quality
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predictions and were used as a screening tool to identify COPCs. Since completion of the environmental assessment
and previous Information Requests, water quality modelling has been performed (GOLDER 2012), which includes the
metal leaching behavior of the waste rock. Leachate values, derived from standard laboratory testing, have been used in
these water quality calculations, along with a variety of expected precipitation conditions and runoff values from the
WRMA. Based on those predictions, leaching of the waste rock is not expected to result in concentrations of COPCs
(including selenium) that are greater than the Provincial Water Quality Objectives (PWQOs). Note that the PWQOs were
used to compare water quality results and not Canadian Environmental Quality Guidelines (CCME).
The rock will be monitored throughout the construction phase as discussed in OPG’s response to Information Request
(IR) EIS-04-160 (OPG 2012) and the quality of water that comes into contact with the rock in the WRMA will be
monitored in the construction phase and in the first few years of the operations phase (OPG 2012, NWMO 2011). In
addition, several mitigative options (GOLDER 2012; OPG 2012) have been identified (covering of the waste rock piles
and treatment, if necessary) as a contingency should the behavior of the waste rock be different than that predicted.
For the leach testing, a 4:1 ratio of water to rock was used instead of the 3:1 ratio recommended in Mining Environmental
Neutral Drainage (MEND) (2009). The rationale for this recommendation was to decrease the water to rock ratio from
various standard leach testing methods of 20:1. The higher ratios may excessively dilute solute concentrations and fail
to identify equilibrium mineral solubility limits. However, the 4:1 ratio used is still considered to be appropriate. While 3:1
is mentioned in the guidance documents, 4:1 is still a low enough ratio of water to rock to provide meaningful results
(based on professional opinion).
References:
GOLDER. 2012. OPG’S Deep Geologic Repository for Low Level and Intermediate Nuclear Waste Work Package 2-12:
Water Quality Modelling Results for the Stormwater Management Pond (SWMP). Golder Document No. 1011170042TM-G2120-0014-01.
MEND. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. MEND Report 1.20.1.
Mining Environment Neutral Drainage Program, Natural Resources Canada.
NWMO. 2011. DGR EA Follow-up Monitoring Program. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-10 R000. Toronto, Canada. (CEAA Registry Doc# 299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste - Environmental Impact
Statement. Ontario Power Generation report 00216-REP-07701-00001 R000. Toronto, Canada. (CEAA Registry Doc#
298)
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Deep Geologic Repository for Low and Intermediate Level
Waste – Submission of Responses to the Final Sub-set of Package #4 Information Requests”, CD# 00216-CORR00531-00143, September 28, 2012. (CEAA Registry Doc# 759)

Page 57 of 62

Attachment to OPG Letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Responses to the Second Sub-set of Package #8 Information Requests”, CD# 00216-CORR-00531-00169
EIS-08-398

 Section 13, Longterm Safety of the
DGR

Information Request:
Describe the level of confidence in ensuring the long-term safety of the proposed DGR with respect to the stability of the
geological formations and the DGR’s robustness against larger-scale earthquakes (greater than magnitude 5).
Provide estimates of the frequency of predicted probabilistic peak ground acceleration due to earthquakes at the DGR
site and their associated uncertainties. Explain how the depth (average 7 km as stated in response to EIS-03-75), and
the difficulty in determining the focal depth, of these events, has been incorporated into the predictions and their
associated uncertainties.
Context:
According to the EIS Guidelines, “demonstrating long-term safety consists of providing reasonable assurance that the
proposed DGR will perform in a manner that protects human health and the environment. This demonstration is achieved
through the development of a safety case. The safety case includes a safety assessment complemented by additional
arguments and evidence in order to provide confidence in the long-term safety of the facility”.
OPG Response:
A Bruce nuclear site specific assessment of earthquake ground shaking hazards that could occur during the
design/service life of the repository was conducted based on a Senior Seismic Hazard Advisory Committee (SSHAC)
Level 2 process (AMEC GEOMATRIX 2011) to ensure that it would withstand the effects of very rare seismic events.
The SSHAC provides guidance on conducting a probability seismic hazard analysis (PSHA) with the goal of capturing
the knowledge of the informed scientific community regarding the inputs to the analysis. Also, the analysis for the Bruce
nuclear site builds on the 1997 PSHA sponsored by the Atomic Energy Control Board to characterize seismic hazards in
southern Ontario (GEOMATRIX 1997a and 1997b) and on a recent PSHA conducted for the region surrounding the
Darlington nuclear site for OPG (Youngs 2009).
In the long-term safety assessment of the repository, the probabilities of exceedance selected for the reference case and
for extreme scenarios were 10-5 per annum (1/100,000 p.a.) and 10-6 per annum (1/1,000,000 p.a.), respectively. The
following table summarizes the results of the PSHA (NWMO 2011, Section 6).
Annual Exceedance Frequency
(AEF)

Peak Ground Acceleration on Hard Rock
(%g)

1/1000

1.7

1/2500*

2.7

1/100,000

18.7

1/1,000,000

60.6

Note: * AEF used in 2005 National Building Code of Canada
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The results of the PSHA (AMEC GEOMATRIX 2011) are generally consistent with values published in the 2005 National
Building Code of Canada when corrected to a common site condition (NWMO 2011, Section 4.4). The mean seismic
response spectra of horizontal and vertical ground motion components with annual exceedance frequency of 1/2500,
1/100,000 and 1/1,000,000 at various horizons down to the repository invert at 680 mBGS are shown on Figures 5.44 to
5.49 of AMEC GEOMATRIX (2011). The high, middle and low frequency ranges of these response spectra (AMEC
GEOMATRIX 2011, Figures 5.52 and 5.53) can be represented by a M2.25 event at 10 km, a M6.25 event at 25 km and
a M7.4 event at 200 km.
The PSHA (AMEC GEOMATRIX 2011) explicitly incorporated uncertainties in the probabilistic models and model
parameters that affect seismic hazard at the site (NWMO 2011; Section 6.2.2.1). This includes the influence of:







different zone boundary configurations on the hazard calculation;
various ground motion attenuation models;
regional seismotectonic source spatial distribution models;
local seismotectonic source models;
the maximum magnitude; and
earthquake occurrence rates.

A detailed description of the uncertainty assessment associated with each of the seismic source is documented in
Sections 3 to 5 of AMEC GEOMATRIX (2011).
In the PSHA (AMEC GEOMATRIX 2011) two measures of source-to-site distance; surface distance and rupture distance
were used. For the rupture distance measure, the depth of earthquake ruptures or the focal depth was needed. Ma and
Atkinson (2006) provide the data on the focal depths of earthquakes in the region and they were incorporated as part of
the earthquake catalogue used in the PSHA (AMEC GEOMATRIX 2011, Appendix A). The southern data set (south of
latitude N45°) was verified by Dineva et al.’s (2004) determination of the focal depths for this region. Figure 3.12 in the
PSHA (AMEC GEOMATRIX 2011) presents the focal depth cumulative distribution function developed from Ma and
Atkinson’s (2006) data. By considering a complete focal depth spectrum, the difficulty in the depth determination
(prediction) and the associated uncertainties have been incorporated in the PSHA (AMEC GEOMATRIX 2011).
Based on the above and further illustrative numerical simulations of long-term geomechanical formation integrity and
stability that considered extreme glacial loading, internal repository gas generation, seismicity as described above, and
long-term rock strength decay indicate a high degree of confidence that future rock mass yielding will be restricted to the
Cobourg Formation (ITASCA 2011, Section 8). A key finding in this respect is that progressive yielding of the rock mass
and eventual emplacement room collapse will be a “self-arresting” process that will not extend into the overlying upper
Ordovician shale. This passive failure mechanism provides assurance that the enclosing DGR barrier formations will
remain unaffected in the long term.
References:
AMEC GEOMATRIX. 2011. Seismic Hazard Assessment. AMEC Geomatrix, Inc. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-20 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Dineva, S., D. Eaton and R. Mereu. 2004. Seismicity of the southern Great Lakes: revised earthquake hypocenters and
possible tectonic controls. Bulletin of the Seismological Society of America 94, pp.1902-1918.
GEOMATRIX. 1997a. Seismic Hazard in Southern Ontario, Final Report, Part 1: Seismic Source Models, Recurrence
Models and Ground Motion Attenuation Models. Geomatrix Consultants, Inc. report prepared for the Atomic Energy
Control Board of Canada.
GEOMATRIX. 1997b. Seismic Hazard in Southern Ontario, Final Report, Part 2: Seismic Hazard Results and
Sensitivity. Geomatrix Consultants, Inc. report prepared for the Atomic Energy Control Board of Canada.
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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EIS-08-400

 Section 8.1,
General
Information and
Design
Description

Information Request:
Completion of this IR will assist in the response to IRs 08-342 through 08-350.
Conduct a hazard assessment of the full range of waste containers (not transport containers) plus waste forms to be
received and, potentially, placed in the DGR. The hazard assessment must include consideration of:






radiological, chemical, biochemical and biological hazards;
all waste forms, such as ash from incineration, sludges, resins, metals, plastics, paper, and hydrocarbons;
interactions among physical, chemical and biological properties of the waste and waste containers, particularly
with respect to processes that would result in release of hazardous gases and liquids during operation of the
DGR;
hazards associated with flammable, ignitable, explosive, corrosive, and toxic gases; and
processes that would result in longer-term releases of gases and liquids that affect the long-term safety case via
the creation of release mechanisms (e.g. creation of corrosive conditions) that, in turn, affect assumptions used
for the post-closure assessment with respect to transport of chemicals and radionuclides within and beyond the
DGR.

Context:
The hazard assessment will require a detailed physical and chemical characterization of all of the waste forms that will
be accepted for receipt at the DGR. Waste forms include ash from incineration, sludges, resins, and solids such as
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metals, plastics and paper. The characterization would specify all parameters that may contribute to hazard such as
moisture content, the presence of reactive elements, and the presence of substrates for microbial growth.
OPG Response:
The characteristics of the range of wastes and waste containers are summarized in the Preliminary Safety Report
(OPG 2011, Chapter 5), and are presented in detail in the Reference Inventory report (OPG 2010). This includes all
waste forms, including ash, sludges, resins, metals, plastics, paper and bitumen.
Radiological characteristics of the individual wastes, and the total amount projected to be emplaced in the DGR, are
described in OPG (2010), Appendix B and the main report. Radiological hazards during operations are assessed in
OPG (2011), under normal operations (Section 7.4) and accident conditions (Section 7.5 and Appendix A). Radiological
hazards during postclosure are assessed in OPG (2011), including both normal evolution scenarios (Section 8.6) and
disruptive scenarios (Section 8.7).
Physical and chemical characteristics of the wastes are provided in OPG (2010) main report, Appendix C, and in
Appendix E. Physical characteristics of the waste containers are provided in OPG (2010) Appendix E. Major chemical
species of potential relevance to the DGR safety assessment are identified in OPG (2010), Appendix C and Appendix E,
for the different waste types. For example, dioxins and furans are present in low levels in the incinerator ash
(OPG 2010, Table C.1). Moisture content is identified in Table C.7 (OPG 2010).
The DGR is intended to accept wastes that are currently being received and stored at the OPG Western Waste
Management Facility (WWMF) at the Bruce nuclear site. As with the WWMF, the DGR waste acceptance criteria
(OPG 2011, Table 5-5) exclude wastes that are reactive, ignitable, explosives, corrosives and compressed gases. It
excludes wastes that would generate toxic gases on contact with water. It excludes pathological wastes.
Chemical hazards of the wastes during operations are assessed in OPG (2011), under normal operations (Section 7.4)
and accident conditions (Section 7.5 and Appendix A). Chemical hazards of the waste during postclosure are assessed
in OPG (2011), Sections 8.6 and 8.7, and summarized in Section 8.9.4. Details are provided in the supporting
postclosure safety assessment reports, see in particular QUINTESSA (2011a, Section 6.16).
Biological and biochemical hazards, as distinct from chemical or radiological hazards to humans and biota, are not
assessed since the wastes do not include pathological wastes. The only wastes accepted in the DGR are those from the
operations and refurbishment of OPG-owned or operated nuclear power stations.
Some of the wastes are combustible, in particular some of the low-level wastes which contain paper and plastics, and to
a lesser extent the resins. The assessment of flammability hazard (fire-related accidents and consequences) is provided
in OPG (2011), Section 7.5 and Appendix A.
Waste degradation is an important aspect of the postclosure safety assessment. The relevant processes are
summarized in OPG (2011), Section 8.6, and described in more detail in supporting technical reports such as
QUINTESSA (2011b), Section 4.5. In particular, the postclosure safety assessment considers the long-term generation
of gases from waste degradation as a potential mechanism for radionuclide release.
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Waste degradation processes are not expected to produce significant amounts of liquids, but the decomposition products
will influence the chemical conditions in the water that very slowly seeps into the repository from the surrounding rock.
As noted in OPG (2011) Section 8, box 1 and supporting reports, and also as summarized in the OPG response to
Information Request (IR) EIS-08-349 (OPG 2013), the postclosure safety assessment assumes species are chemically
mobile within the repository by assuming rapid release, high solubility and no sorption.
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