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OPG Response to the Joint Review Panel EIS Information Request Package #3
IR#
EIS-03-44

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

Information Request and Response

Information Request:
Provide a detailed explanation of how each of the criteria and definitions presented in Table 7.1-1 embody the
Guiding Principles for the assessment as described in the EIS Guidelines.
 Describe how the precautionary approach was applied to the development of the effects level definitions;
 Explain how sustainability principles were used to derive the five criteria (magnitude, geographic extent,
timing and duration, frequency, and degree of irreversibility) as well as the effects level definitions;
 Provide an explanation of how the criteria and levels for determining significance include consideration of
traditional knowledge and understanding of significant effects in light of Aboriginal culture and values; and.
 Describe how the three Guiding Principles were incorporated into effects criteria and levels for determining
significance.
Descriptions must be discipline-specific because the rationale will vary. For example, effects level definitions
for air quality may address sustainability principles differently than those used for the aquatic environment.
Identify areas of similarity and differences among the disciplines.
Context:
The criteria and levels for determining effects and significance presented in Table 7.1-1 are fundamental to
the entire assessment. Therefore, the criteria must embody the requirements for the use of the precautionary
approach. The EIS guidelines state the following with respect to the precautionary approach: “The
Precautionary Principle informs the decision-maker to take a cautionary approach, or to err on the side of
caution, especially where there is a large degree of uncertainty or high risk.”
The criteria must also embody sustainability principles as stated in the EIS Guidelines: “A project that is
supportive of sustainable development must strive to integrate the objective of net ecological, economic and
social benefits to society in the planning and decision-making process and must incorporate citizen
participation.”
The criteria must incorporate the use of traditional knowledge. The EIS Guidelines state: “Traditional
knowledge, in combination with other information sources is valuable in achieving a better understanding of
potential impacts of projects. It may also contribute to project siting and design, identification of issues, the
evaluation of potential effects, and their significance, the effectiveness of proposed mitigation, cumulative
impacts, and the consideration of follow-up and monitoring programs.”
Section 11.1 of the EIS Guidelines state: “The consideration of views from the public and Aboriginal groups,
including any perceived changes attributed to the project, should be recognized and addressed in the
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assessment method.”
Section 11.3 of the EIS Guidelines state: “The EIS must clearly explain the method and definitions used to
describe the level of the adverse effect (e.g., low, medium, high) for each of the above categories and how
these levels were combined to produce an overall conclusion on the significance of adverse effects for each
VEC. This method must be transparent and reproducible.”
OPG Response:
Precautionary Approach
As set out in the Guidelines, the assessment was conducted using a precautionary approach that tended to
err on the side of conservatism when there was a potential for uncertainty. The use of the precautionary
approach was most relevant with respect to the predictions of effects associated with the DGR Project. For
example, conservative estimates of the amount of water released during dewatering were used in the
prediction of surface water quality effects. In reality, activities planned during the construction would result in
much lower levels of dewatering being required and therefore much lower effects.
In addition, a precautionary approach was used when selecting effects magnitude levels. Established criteria
were used for assigning magnitude for selected disciplines, such as air quality and surface water quality. The
established criteria were used for defining a “high” magnitude effect, with low and moderate effects being
defined on the basis of fractions of the criteria. However, these criteria are usually developed with a built-in
level of conservatism to ensure the environment is protected. That is to say, exceeding a criterion does not
mean an effect will occur.
The geographic extents used in the assessment are consistent with those set out and defined in the EIS
Guidelines (Section 9.1). The Guidelines define the need for considering a Site Study Area, a Local Study
Area and a Regional Study Area. The definition of the Site Study Area is clearly established as being the
limits of the Bruce nuclear site. In describing the Local Study Area, the EIS Guidelines state that it should
include those areas “…where there is a reasonable potential for direct effects on the environment from any
phase of the project”. In the EIS, the Local Study Areas were established to ensure they were sufficiently
large to address the EIS Guideline requirements, and were made larger than considered necessary if there
was uncertainty as to how far effects might extend.
For the measures of timing and duration, frequency, and degree of irreversibility, there was limited application
of the Precautionary Principle. There is little uncertainty associated with timing and duration of activities. The
Precautionary Principle is applied to reversibility by considering only effects that are immediately reversible as
“low” Individual disciplines were guided by the precautionary approach when assigning effects measures
such as frequency (e.g., conservative approaches were used when determining what would constitute an
infrequent effect).
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Sustainability
In describing the guiding principle of sustainable development to be followed when completing the EIS, the
EIS Guidelines states that particular attention should be given to the effect of the project on biological diversity
and the effect of the project on the capacity of renewable resources. Both biodiversity and the capacity of
renewable resources were addressed in the appropriate sections of the EIS and supporting TSDs.
In completing the assessment, where relevant, sustainability has been used to guide how the effects of the
project were evaluated. For example, the aquatic environment considered the availability and importance of
habitat critical to the sustainability of the VECs when assessing the potential effects of the DGR Project.
Sustainability is core to the description of effects in the case of the “degree of irreversibility” assessment
measure. Only those effects that are readily reversible were given a low rating in significance. Such effects
would have no impact beyond the life of the project, and the environment would return to the existing
conditions. Effects that were reversible with time were classified as medium, as they may have the potential
to affect the environment beyond the life of the project.
Sustainable development does not readily lend itself for incorporation into the measures of magnitude,
geographic extent, timing and duration, and frequency. However, there are cases where sustainability is
inherent in the thresholds used in assigning effects levels. For example, established criteria were used for
assigning magnitude for selected disciplines, such as air quality and surface water quality. These established
criteria were used for defining a “high” magnitude effect, with low and moderate effects being defined on the
basis of fractions of the criteria. However, these criteria are developed to be protective of the environment,
sustaining it for future generations.
Traditional Knowledge and Aboriginal Values
As noted in the EIS Guidelines, Traditional Knowledge has an important contribution to make to the EA
process. Where available, Traditional Knowledge was used to guide aspects of the assessment to ensure
that important Aboriginal values were considered when completing the EIS. For example, the identification
and selection of VECs tried, to the extent possible, to consider ecological components that had been identified
of value or importance by Aboriginal groups on previous assessments in the region. In addition, emphasis
was placed on issues raised by Aboriginal groups on previous assessments to ensure that those issues were
given a prominent and important place in this assessment.
Traditional Knowledge, was used in identifying geographic extent to incorporate or consider areas of
Aboriginal importance. The Aboriginal Interests TSD considered Aboriginal communities that have
expressed an interest in the DGR Project. Additionally, the burial site located within the Bruce nuclear site
was considered explicitly in the human health assessment.
Guiding Principles
The table attached at the end of the EIS IR responses identifies, by discipline, where the EIS Guiding
Page 3 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
Principles were specifically considered in assessing the significance level for each of the effects criteria.

EIS-03-45

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

Information Request:
a) Provide the d etailed a nalysis that jus tifies al l of th e Regional S tudy Ar ea bo undaries. In addition, detail
how these boundaries represent reasonable spatial limits for the cumulative effects assessments.
b) Clarify whether input from Aboriginal groups, government agencies (federal, provincial and municipal) and
community groups was obtained with respect to definition of the regional, local and site study areas.
If input was received, clarify how this input was used to der ive the overall study boundaries and to a mend
them for each of the specific disciplines.
c) Provide the r ationale for the Regional Study Area for the aq uatic environment to extend 4 k m offshore in
Lake Huron and for the Local Study Area to extend “approximately” 2 km.
Explain why the study area boundaries do not reflect, at least in part, prevailing winds
Context:
a) Section 9. 1 of th e EI S gu idelines s tate that : “ the ar ea with in w hich t here is th e poten tial for c umulative
biophysical and socio-economic effects. This area includes lands, communities and portions of Lake Huron
around th e Bruce n uclear site t hat may b e r elevant to th e as sessment of a ny wider-spread d irect and
indirect effects of the project.”
Section 5.1.1 of the EIS states: “The Regional Study Area (Figure 5.1.1-1), generally adopted for the EA
corresponds to Bruce County with the exception of the peninsula communities of the Town of South Bruce
Peninsula and the Township of Northern Bruce Peninsula.”
b) The EIS gu idelines also r equire th at Aboriginal gr oups and s takeholders hav e an op portunity to provide
input to the assessment of effects of the DGR Project.
The definition of s patial boundaries is a piv otal step in the as sessment, affecting all s ubsequent analysis.
Explicit incorporation of public knowledge and concerns into the definition of spatial boundaries adds to the
completeness and defensibility of the assessment.
c) There is n o ex planation f or the r egional s tudy ar ea 4 k m b oundary offs hore in Lake H uron a nd t he
approximate 2 k m local s tudy ar ea boundary. Do th ese bou ndaries c orrespond wit h par ticular offs hore
biophysical features in Lake Huron? Do they correspond with socio-economic factors such as commercial
fishing grounds, Aboriginal claims, etc.?
The strictly rectangular Local and Regional Study Areas do not incorporate consideration of prevailing winds.
The explanation for the lack of any consideration of prevailing winds will is required to evaluate the
defensibility and appropriateness of the assessment.
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OPG Response:
The Regional Study areas were established for each discipline based on the following considerations:
 Requirements in the EIS guidelines, professional judgement and the data sources or information
requirements for each discipline;
 Input and feedback received from stakeholders and the general public; and
 Dialogue with First Nation and Métis peoples.
a) Regional Study Areas
The spatial boundaries for the assessment are defined in Section 5.1 of the Environmental Impact Statement
(EIS) (OPG 2011). The generic Regional Study Area boundary corresponds to Bruce County, less the
peninsula townships. This generic Regional Study Area was considered to be sufficiently large to capture
both the direct, indirect and cumulative effects associated with the DGR Project.
No modifications were made in the case of the terrestrial environment, radiation and radioactivity, and socioeconomic environment.
In the case of the terrestrial environment, effects of the DGR Project are not expected to extend beyond the
boundary of the Bruce nuclear site. Therefore, any cumulative effects would be limited to that area, which is
enclosed within Bruce County.
The current monitoring work for radiation and radioactivity is contained within the generic Regional Study
Area.
The Regional Study Area selected for the socio-economic environment is the generic Regional Study Area as
it includes the area where the majority of effects and benefits are likely to occur. However, consideration has
been given to effects that may occur on a wider-scale in order to provide context to the assessment. Further
justification for this Regional Study Area is provided in Section 2.4.2.1 of the Socio-economic Environment
Technical Support Document (TSD) (AECOM 2011).
For Aboriginal Interests, the generic Regional Study Area was adopted however the assessment of effects
considered effects on Aboriginal communities who had expressed an interest in the DGR Project up to the
time of submission
The Regional Study Areas for Hydrology and Surface Water Quality, and the Aquatic Environment, were
modified to be consistent with study areas identified in previous assessments, as discussed in response (c) to
this information request. The hydrology and surface water quality Regional Study Area was defined on the
basis of predicted effects from the existing operations at the Bruce nuclear site and the existing water supply
facilities at Kincardine and Southampton. Therefore, it is large enough to capture the cumulative effects of
both the DGR Project and the existing operations in the region.
The Regional Study Area for the atmospheric environment was expanded to encompass the ambient air
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quality monitoring stations used to describe the existing conditions. The Regional Study Area for air quality
specifically addresses cumulative effects as the existing conditions defined from stations within this Regional
Study Area are added to the modelled predictions of all existing sources at the Bruce nuclear site and the
proposed DGR Project activities.
Finally, the Regional Study Area for geology was expanded to correspond to the 35,000 km² 3D geological
framework domain. As described in Section 2.4.2.1 of the Geology TSD (GOLDER 2011), the “…regional
geology provides a framework for understanding and extrapolating site conditions beyond the Bruce nuclear
site boundary. The Regional Study Area boundary fully encompasses the regional hydrogeologic modelling
domain [3]. The hydrogeologic modelling domain (approximately 18,000 km²) is the area used to describe the
regional-scale groundwater system hydrodynamics.”
b) Stakeholder Input for Definition of Study Areas
Display boards at each of the 2007, 2008 and 2009 open houses (OPG 2011, Appendix D) showed the study
area boundaries. Opportunities for discussion on all aspects of the DGR Project including study areas were
available through the community engagement program. Staff at the open houses sought to engage attendees
in discussion on all aspects of the project, including the study area boundaries. Comment cards were also
provided for attendees to identify issues of concern. At these open houses, and through extensive
engagement opportunities as described in the EIS (OPG 2011, Section 2), no comments were received and
no discussion was initiated by attendees on the definition of the study area boundaries. Concerns were
expressed about the potential for effects on the quality of the Great Lakes waters. The areal extent of the
Regional Study Area for the Hydrology and Surface Water TSD is considered large enough to capture the
cumulative effects of both the DGR Project and the existing operations in the region, subsequently no change
was made to the Regional Study Area boundaries, as discussed in part (a) to this response.
Preliminary results of the assessment of effects on Aboriginal Interests were presented to Aboriginal
communities that had expressed an interest in the DGR Project The draft Aboriginal Interests TSD was also
available for public comment (CEAA Registry Doc# 280) and comments on that document were explicitly
requested from the Saugeen Ojibway Nation (SON), Historic Saugeen Métis and the Métis Nation of Ontario
(MNO) on behalf of the Great Lakes, Georgian Bay, and Moon River Métis Councils. (Refer to response to
IR-EIS-03-48).
The Regional Study Area for Aboriginal Interests reflects input received from Aboriginal communities.
c) Aquatic Environment Study Areas
The Local Study Area and Regional Study Area for the Aquatic Environment TSD were selected to match the
corresponding study areas identified in the Hydrology and Surface Water Quality TSD. These study areas
were selected to be consistent with previous assessments completed in the region. Specifically, a Regional
Study Area extending 4 km offshore is sufficiently large to encompass a thermal temperature difference of
2°C above ambient, 99% of the time (BRUCE POWER 2005, Section 2.3.3). This area defines where
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cumulative effects of the DGR Project and the existing operations at the Bruce nuclear site may occur. The
Local Study Area extends 2 km offshore to be consistent with the same assessments (BRUCE POWER 2005,
Section 2.3.3) even though the potential direct effects of the DGR Project are not expected to extend this far
into the lake.
The northern and southern boundaries of the Regional Study Area were defined so as to include the
municipal water supply intakes at both Southampton and Kincardine. For the Local Study Area, the northern
and southern limits were extended to include all of the Stream C and Underwood Creek watersheds.
d) Rectangular Study Areas
The spatial boundaries for the assessment are defined in Section 5.1 of the EIS. The generic Regional Study
Area boundary corresponds to Bruce County, less the peninsula townships, and is not rectangular. The only
rectangular Regional Study Area was used in the Geology TSD, which was extended to correspond to the 3D
geologic framework domain. Predominant winds would have no influence on the shape of the geologic study
areas.
The generic Local Study Area corresponds to the 10 km emergency planning zone (centred on the Bruce
nuclear site) as identified by Emergency Management Ontario. Given the importance of emergency planning,
it is likely that this area is sufficiently large to capture those direct effects associated with the activities at the
Bruce nuclear site.
The discipline most likely affected by winds, including the direction of the prevailing winds, is air quality. In
selecting a Local Study Area that corresponds with the 10 km emergency planning zone (centred on the
Bruce nuclear site), it is expected that all of the air quality effects as a result of the DGR Project would be
captured, whether they occurred in the prevailing down-wind direction or whether they occurred from a
different direction.
Defining a Local Study Area for air quality on the basis of prevailing winds only may not fully represent those
effects that occur when winds blow from other directions. In many cases, the highest short- to medium-term
air quality predictions do not occur in the direction of the prevailing winds. However, prevailing winds usually
describe the pattern of annual predictions.
The assessment of air quality effects associated with the DGR Project included dispersion modelling that
used hourly wind and meteorological data for a 5-year period from 2005 through 2009 (i.e., 43,824 hourly
wind observations). This data set includes predictions and effects associated with the predominant winds
more often than winds from other directions, but ensures that all likely effects are described. Given the nature
of the sources at the DGR Project (i.e., relatively short or ground-based releases), the effects are expected to
be greatest close to the site and decrease rapidly with increasing distance. Therefore, the greatest effects of
the DGR Project on air quality were predicted to occur near the edge of the Site Study Area.
References:
AECOM. 2011. Socio-Economic Technical Support Document. AECOM Canada Ltd. report to Nuclear
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Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299)
BRUCE POWER. 2005. Surface Water Resources Technical Support Document. Bruce A Refurbishment for
Life Extension and Continued Operations Project. Prepared by Golder Associates Ltd.
GOLDER. 2011. Geology Technical Support Document. NWMO DGR-TR-2011-03. (CEAA Registry Doc#
299)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste, Environmental Impact
Statement, 00126-REP-07701-00001 R000. (CEAA Registry Doc# 298)

EIS-03-46

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

Information Request:
Provide an explanation for why the traditional Ojibway spiritual worldview that includes the “rock of the earth”
as the first order of creation was not included as a VEC (Table 6.9.2-1).
Context:
Section 6.9.2.2. of the EIS states: “The traditional Ojibway spiritual worldview is that the physical world,
including the rock of the earth, is the first order of creation upon which the other orders of creation – the plant
world, the animal world and the human world – depend upon for sustenance and existence.”
The rationale for not including the interests related to the traditional spiritual worldview of the Ojibway people
is required to evaluate the completeness of the assessment of effects on Aboriginal interests.
OPG Response:
In general, Valued Ecosystem Components (VECs) are considered to be receptors for project-specific effects
and cumulative effects. Each VEC is represented, in the assessment, by indicator(s). Indicators are features
of the VEC that may be affected by the project. Effects on VECs are considered through a two-step screening
process, first for potential interactions and secondly for measurable change, allowing the assessment to focus
on where effects are likely to occur. Each indicator requires specific measures that can be quantified and
assessed.
As indicated in Section 5.1 of the Aboriginal Interests Technical Support Document (TSD), the TSD based its
information on literature review, collection and analysis of secondary source information and archaeological
assessments. The information gathered through this work did not provide sufficient information from which to
identify or assess specific measures for the spiritual worldview. Therefore, the VEC spiritual worldview was
not included as a VEC.
The Environmental Impact Statement includes VECs for other components of the environment for the other
orders of creation in the traditional Ojibway spiritual worldview – the plant world, the animal world and the
human world. The Aquatic, Terrestrial, and Socio-economic Environment TSDs identify VECs which reflect
Page 8 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
the plant, animal and human world. The assessment also considers the interactions between the VECs and
therefore, the relationships between the various “orders of creation”. The Geology TSD identifies VECs and
assesses potential effects on the subsurface environment. In each case, the potential effects, both direct and
indirect, of the project on the VECs within each of these components of the environment are assessed and
the conclusion, that there are no significant adverse effects on the VECs, is documented.
The Aboriginal Interests TSD acknowledges that the presence of the DGR Project, which directly affects this
first order of creation (i.e., the rock of the earth), may have special meaning to some Aboriginal peoples and
therefore, may be seen by some Aboriginal people as incompatible with their worldview, affecting how
Aboriginal people value the plants and animals that they harvest for traditional purposes. Therefore, the
spiritual worldview is considered in terms of effects on the Traditional Use of Land and Resources VEC.

EIS-03-47

 Section 2.3;
Traditional
Knowledge;

Information Request:

 Section 6.1;
Aboriginal
Peoples;

Provide evidence of Aboriginal input to the final selection of VECs as presented in Table 6.9.2-1. Include
evidence that there was an opportunity to review and comment on the VECs. Explain any changes or
additions that were made on the basis of that review and comment by Aboriginal communities

 Section 9.3,
Valued
Ecosystem
Components

Describe the process used to screen the Aboriginal interests listed in Section 6.9 in order to select the Valued
Ecosystem Components (VECs) in Table 6.9.2-1.

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










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

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

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












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

No specific comments or concerns were raised by the identified Aboriginal communities regarding the list of
VECs. As a result, no changes were made to the Aboriginal Interests VECs list.
References:
AECOM. 2011. Aboriginal Interests TSD. NWMO DGR-TR-2011-09. (CEAA Registry Doc# 299)
CNSC. 2006. Draft Comprehensive Study Scoping Document for an Environmental Assessment of the
Proposal by Ontario Power Generation for a Deep Geologic Repository For Low- and Intermediate-Level
Radioactive Waste.
CNSC. 2006a. Record of Proceedings, Including Reasons for Decision In the Matter of Applicant Ontario
Power Generation Inc. Environmental Assessment Track Report Regarding Ontario Power Generation Inc.’s
Proposal to Construct and Operate a Deep Geologic Repository Within the Bruce Nuclear Site in Kincardine,
Ontario.
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate-Level Radioactive Wastes. (CEAA Registry Doc# 14)
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. 00216-REP-07701-00001-R000. (CEAA Registry Doc# 298)
EIS-03-48

 Section 2.5;
Precautionary
Approach;
 Section 6;
Public
Participation

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









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

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



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

Page 13 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
Financial Assets:






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

Physical Assets:




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

Social Assets:



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

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




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

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




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

The list of Aboriginal Interests VECs, along with a brief rationale for their selection and the specific indicators
used in the assessment were based on the Aboriginal interests identified and what is known about the
traditional Ojibway spiritual worldview. They are presented in the Aboriginal Interests TSD (Table 4.3-1).
The response to IR-EIS-03-47 provides additional information on the process used to obtain and
incorporate Aboriginal input to the identification of VECs.
References:
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc#
14)
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep
Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc # 150)
EIS-03-49

 Section 7.3;
Alternative
Means of
Carrying out the
Project

Information Request:
Provide a detailed description of the alternative means options analysis, including the rationale for not
including weighting of the factors.
Provide the logic of the scoring system used for all of the alternative means analyses.
Context:
Tables 3.4.2-1 to 3.4.10-1 in the EIS present multi-criteria evaluations involving a number of factors and
constraints. In the provided tables it is unclear how the factor scores are standardized.
OPG Response:
The results of the alternative means analysis is provided in Section 3.4 of the Environmental Impact
Statement (EIS). The tables in this section provide the results of the evaluations of alternative means for a
number of aspects of the project.
For each aspect of the project for which alternative means were identified (refer to Table 3.4-1 of the EIS) and
evaluated, criteria were established for each of the categories of economic feasibility, worker health and
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safety, public health and safety, technical feasibility, physical/biophysical environmental effects, and socioeconomic environmental effects. The description of the individual criterion was adjusted for each aspect of
the project to make it relevant to that aspect. The rationale for including each criterion in the evaluation is
provided in the table below.
Criterion

Rationale

Economic

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

Worker Health and
Safety

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

Public Health and
Safety

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

Technical

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

Physical/Biophysical
Environment

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

Socio-Economic
Environment

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

Achievable

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

Acceptable

Is a determination of whether it would be reasonable to pursue each means
based on the results of the assessment of the economic, health and safety,
technical and environmental effects. For example, in Table 3.4.2-1, the
technical feasibility of siting the DGR at a location off the Bruce nuclear site is
not known because data is not available to verify the geology is suitable.
Additional information would be needed to determine whether the site would be
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acceptable.
Each option was scored relative to the other options for that aspect of the project for each identified criterion.
Scoring was based on relative ranking. A description of the rationale for each of the assigned rankings is
provided in text of the table. Lower scores were assigned to the option that had the best performance relative
to the criterion. For example, the least costly means would be given a low score, typically a 1, and other
options were ranked relatively higher. In the event that two or more means were considered equal for a
criterion, they were given an equal score. In some cases, rankings started higher than 1 to reflect particular
challenges or concerns within that criterion. While this did not result in changes to the relative ranking, it did
highlight areas there was uncertainty about the acceptability and/or achievability of the means. Where
significant differences between options relative to a particular criterion existed, the rankings were not
necessarily sequential. For example, if there was a significant cost difference between two options, the
options may have been rated as 1 and 3, with no option rated 2.
Following completion of the ranking relative to the criteria, each option was also assessed as to whether it
was acceptable and achievable. Achievability and Acceptability provided qualitative evaluations, based on
the factors considered in assigning the ratings of whether it was likely that each of the options could be
successfully implemented. If, for example, insufficient information was available to determine whether the
option could be implemented it’s Achievability was classed as “Unknown” and it was not considered as a
preferred means.
The evaluation of the results of the ranking does not include a formal weighting formula. Each of the criteria
were weighted equally. Considering the approach taken to ranking the options, there is no rationale for
weighting individual criteria differently. While each criterion was not weighted,,the six criteria include two
criteria for health and safety, and two criteria related to effects on the environment, effectively providing a
weighting to Health, Safety and the Environment in the overall evaluation.

EIS-03-50

 Section 7.3;
Alternative
Means of
Carrying out the
Project

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

EIS-03-51

 Section 7.3;
Alternative
Means of
Carrying out the
Project

Information Request:
Provide an analysis of alternative means of permanent storage of the different waste forms to be placed into
the depository.
Context:
The alternative means analysis does not include a number of issues that could be addressed using distinctly
different approaches. In some cases such alternatives are being used by other nations in deep geologic
depositories for LLW & ILW.
For example, waste forms to be placed into the Bruce depository include ALW, resins, sludges &
combustibles. Other jurisdictions will only store non-combustible solid waste.
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OPG Response:
For clarity, as defined the Table 4.5.1-3 of the Environmental Impact Statement (EIS), the DGR will only
accept solid wastes for emplacement. The DGR will not be accepting ALW (active liquid waste). The waste
types “LL/ALW Resin” and “ALW Sludge” listed in Table 4.5-1 of the EIS refer to secondary waste products
created by the treatment of ALW at the nuclear generating stations, not the ALW itself. The “LL/ALW Resin”
consists of dewatered ion-exchange resins, while the “ALW Sludge” is a solidified waste product created from
the sludge that is collected as part of the ALW treatment.
This Information Request has been interpreted as pertaining to alternative means to handle the various waste
forms and how these compare to methods employed in other facilities as summarized in Table 3.4.10-2 of the
EIS. As described in Section 3.4.10 of the EIS, the waste treatment and conditioning methods cannot be
taken in isolation. They must be considered in the context of the overall repository system. For most nearsurface repositories, the waste package plays an important role both as part of an engineered barrier system
for radionuclide containment, and as part of the structural support system for the repository cover (i.e. to
prevent subsidence of the overlying earthen cap). For silo type repositories, the waste package must also
support the load of several tens of metres of additional waste packages stacked on top. Where the waste
package provides structural support, it is designed for high compressive strength and low void volume.
Where it is designed as part of an engineered barrier for radionuclide containment, the waste package is
generally characterized by resistance to corrosion, low leachability and chemical properties that impede
migration of the radionuclides important to the safety case for the facility. In other cases, waste packages
may have also been designed to preserve the long-term integrity of the package during a prolonged storage
period, prior to emplacement in a repository, to ensure that they could still be handled safely during retrieval
from storage, transportation to the repository and subsequent handling and emplacement.
For the DGR, the waste package is not credited with any long-term role for containment of radionuclides and
is not required to provide structural support for closure systems. In addition, the waste packages are stacked
no higher in the DGR emplacement rooms than they are currently stacked in OPG’s Western Waste
Management Facility storage structures.
Table EIS-03-51-1 (provided at the end of the responses to EIS IRs) provides additional information to that
found in Table 3.4.10-2 of the EIS related to the different treatment and conditioning options and resulting
waste forms that have been used in other facilities and jurisdictions and discusses their applicability to OPG’s
DGR. The primary conclusions of this review are:
a) All L&ILW repositories accept a range of waste types and forms.
b) The waste types and forms proposed by OPG are accepted at other repositories.
While some of the more advanced waste processing could be applied to wastes destined for OPG’s DGR, the
resulting waste forms provide no tangible improvement to the overall safety case.

Page 23 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#
EIS-03-52

EIS Guidelines
Section
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Alternative
Means of
Carrying out the
Project
 Section 8.2,
Site Preparation
and
Construction

Information Request and Response

Information Request:
Provide quantitative data and a discussion that evaluates the magnitude of the overbreak for the two
excavation methods. Considerations should include, but not be limited to, the density of fractures, their depth
of penetration, and surface morphology.
The physical properties of the rock mass involved should reflect those of the Cobourg Formation at 680m
depth. In considering the magnitudes of overbreak, include citations to relevant research conducted in the
Local Study Area.
Context:
An alternative to drill and blast for lateral development is the use of a roadheader. It is acknowledged that
blasting results in overbreak and the development of an extended fracture zone in the rock around the
excavation perimeter. Induced fracturing is a major concern in the evaluation of the long-term integrity of the
depository.
OPG Response:
Controlled drill and blast has been selected as the reference excavation method for openings at the repository
level. In the early 1980s OPG (then Ontario Hydro) successfully used this excavation method in two tunnels
located at the Darlington Nuclear Generation Station (NGS) site within the Lindsay (Cobourg) Formation. Drill
and blast method is widely used in the mining and tunneling industry. Mechanical excavation with roadheader
is a potential alternative excavation method. However, its use in hard limestone such as the Cobourg
Formation is not well-proven and for this reason, is not currently favoured as an excavation method.
Definitions for the different zones of damaged and disturbed rock around an excavation opening, including the
definition for Excavation Damage Zone (EDZ), are presented in Fracture Systems (2011) (see p.9).
The impact of overbreak and the resulting excavation damage zone (EDZ) in the lateral development is not a
key consideration in the long-term safety case for the DGR (refer to response to IR-EIS-03-61). For this
reason DGR site-specific research has neither been performed nor is any planned to collect quantitative data
on magnitude of overbreak, density of fractures, their depth of penetration and surface morphology due to use
of either drill and blast or roadheader in the Cobourg Formation.
Based on observations and limited testing in the 925 m long Darlington Cooling Water (CW) Intake Tunnel, it
is expected that drill and blast method can be used at the repository level in the Cobourg Formation without
causing excessive overbreak and rock damage. In the Darlington CW Intake Tunnel local overbreaks were
confined to zones in the immediate crown of the tunnel which was a result of a combination of joint geometry,
bedding partings and blast vibration (see p.22 in ONTARIO HYDRO 1983). The maximum overbreak ranged
from 0.3 to 0.7 m with an average of 0.3 m (see p.10 in ONTARIO HYDRO 1983).
The rock damage in the annulus rock around the Darlington CW Intake Tunnel excavation was assessed by
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means of borehole camera inspection and the vacuum logging technique in boreholes drilled from the tunnel
wall surface. The vacuum logging technique involved isolating a section of these boreholes with an insert and
evacuating the isolated section. The permeability of the rock was estimated based on the air pressure
response and flow from the test section. The maximum damage zone measured was about 0.8 m thick at the
side of the tunnel and 0.4 m at the roof.
Investigations by others regarding excavation damage zone around openings in sedimentary rocks has shown
the thickness of excavation damage zone is typically less than 0.5 times the radius of the openings (Fracture
Systems 2011). These data are summarized in Table 6.3 of NWMO (2011).
References:
Fracture Systems. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
ONTARIO HYDRO. 1983. Darlington G.S. ‘A’ C.W. Intake Tunnel. Geotechnical Completion Report. Report
No. 83543.

EIS-03-53

 Section 8,
Description of
the Project

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

EIS-03-54

 Section 8,
Description of
the Project

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

EIS-03-55

 Section 8,
Description of
the Project
 Section 11.1
Effects
Prediction

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

EIS-03-56

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide information regarding the following aspects related to the stormwater retention pond:
 Effect of the pond on groundwater quality;
 Provision for prolonged retention; and
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Ability for rapid deployment of water treatment, beyond oils, greases and grits/sediments., when and if
required (e.g., treatment of elevated nitrogen concentrations)
Context:
Provision of detailed information with respect to the listed aspects of the stormwater retention pond design will
allow evaluation of the defensibility and appropriateness of that design.
This information request is posed in consideration of the responses to LPSC-01-12, LPSC-01-13 and LPSC01-27.
OPG Response:
Effect of Stormwater Management Pond on Groundwater Quality
The stormwater management pond will manage storm runoff from the DGR Project site, runoff from the waste
rock management pile and discharge from sub-surface activities. The results of short-term leach tests
(GOLDER 2011, Section 4.3) and estimating blast residue, indicates the expected waste rock management
pile run-off characteristics might contain marginal concentrations of un-ionized ammonia and a few metals
above the Provincial Water Quality Objectives. Calculated salinity for the limestone was close to the salinity
of fresh water. Characteristics of water in the stormwater management pond are expected to have lower
levels of contaminants of potential concern when mixed with storm and underground water. The stormwater
management pond will also receive discharge from sub-surface construction activities in which the
concentration of contaminants is not expected to be significantly elevated. The daily and reasonably constant
development routine (e.g. 2,500 tonnes waste rock per day development rate) suggests that there will not be
significant variations in the shaft water discharge and its quality. Planned routine monitoring underground will
provide advanced notification if there are increases in contaminant levels.
The stormwater management pond will be located as shown on Drawing H333000-WP404-10-042-0001
(Preliminary Safety Report, Chapter 17). Borehole investigations at the pond location (GOLDER 2012,
Section 5.9 (p.27), and Figures 4 and 5) have shown that there is at least 10 m of dense low-permeability
-10
(hydraulic conductivity ≈ 10 m/s) glacial till overlying the shallow carbonate bedrock aquifer. The glacial till
surface is located at a nominal elevation 180 mASL (metres above sea level). The pond invert elevation will
be set at 177 to 179 mASL (invert elevation will be confirmed with the detailed site grading plan), and thus
there would be a minimum of 7 m of glacial till separating the base of the pond and the underlying bedrock
aquifer.
The low concentration of these contaminants, coupled with the low permeability of the 7 m thick natural glacial
till liner beneath the pond, greatly reduces (and likely eliminates) risk of contaminating the underlying shallow
bedrock aquifer.
Stormwater Management Pond
3

The stormwater management pond has a live water storage volume of approximately 10,000 m . During
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construction and operation phases, the pond will receive underground effluent daily. It is conservatively
assumed that the pond will receive underground effluent at a rate 21 L/s during the construction phase and
less than 2 L/s during the operational phase (refer to response to IR-LPSC-01-12). In the remote event that
pond discharge is closed, the pond has a nominal capacity during construction of approximately 6 days.
Similarly, under operational conditions the pond has a capacity of approximately 60 days. If a storm event(s)
were to occur, these retention times would be reduced.
Treatment
As stated in the Hydrology and Surface Water Quality TSD (GOLDER 2011a, Section 8.3.3.4), and described
above, the quality of water in the stormwater management pond will depend on the quality and volume of
flows to the pond. Mitigation may be required.
The most common explosive used in underground mining is ANFO, a mixture of 95% ammonium nitrate and
5% fuel oil, and is very soluble in water. If used improperly, the application of large amounts of ANFO in
underground mining can result in elevated ammonia and nitrogen concentrations in the mine water. However,
with proper care and attention when handling the explosives, it is possible to minimize concentrations of
ammonia and nitrogen in the mine water. Additional control of explosive emissions can be achieved through
the use of emulsion blends that are less soluble in water. Mitigation options are being pursued such as
different blasting material and better handling techniques.
However, one parameter that could be elevated during the summer months would be the un-ionized ammonia
levels in the stormwater pond. In the remote event that this should this be encountered, the typical treatment
method is aeration. This type of treatment is readily available and could be mobilized within the retention
periods mentioned above.
References:
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository
(DGR). Memo from C. McRae to D. Barker. Enclosed with response to IR Package #2, CEAA Registry No.
523.
GOLDER. 2011a. Hydrology and Surface Water Quality TSD. NWMO DGR-2011-TR-04. (CEAA Registry
Doc# 299)
GOLDER. 2012. OPG’s Deep Geologic Repository for L&ILW. Soil Investigation for proposed Surface
Facilities, Kincardine, Ontario. Report No. 1011170042-REP-G2030-0002. (Enclosed – also used as a
reference in OPG’s response to Information Request No. EIS-03-54).

EIS-03-57

 Section 8.1,
General
Information and

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

EIS-03-58

 Section 8.1,
General
Information and
Design
Description

Information Request:
Provide a more detailed definition of “ignitable wastes”, as used in the category of excluded wastes in Table
4.5.1-3.
Context:
In Table 4.5.1-3 ignitable wastes are listed as an excluded waste. Amounts of wastes that can be incinerated
are of concern in evaluating the possible consequences of an accidental fire in the repository.
OPG Response:
Table 4.5.1-3 of the Environmental Impact Statement (EIS) provides a summary of the DGR waste
acceptance criteria. This summary table includes an entry for excluded waste types which lists, among other
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categories, “ignitable wastes”.
The definition of “ignitable waste” in the DGR waste acceptance criteria is the same as that for the Western
Waste Management Facility waste acceptance criteria. It is stated as:
d) ignitable waste as defined in R.R.O. 1990 Reg. 347 under the Environmental Protection Act
(Ontario).
The definition given in the Ontario Environmental Protection Act, R.R.O. 1990, Regulation 347, General Waste Management, Last amendment O. Reg. 234/11 is as follows:
“ignitable waste” means a waste that,
(a) is a liquid, other than an aqueous solution containing less than 24 per cent alcohol by volume and
has a flash point less than 61° Celsius, as determined by the Tag Closed Cup Tester (ASTM D56-79), the Setaflash Closed Cup Tester (ASTM D-3243-77 or ASTM D-3278-78), the PenskyMartens Closed Cup Tester (ASTM D-93-79), or as determined by an equivalent test method
approved by the Director,
(b) is a solid and is capable, under standard temperature and pressure, of causing fire through
friction, absorption of moisture or spontaneous chemical changes and, when ignited, burns so
vigorously and persistently that it creates a danger,
(c) is a Class 2.1 Flammable Gas within the meaning of paragraph 2.14(a) of the Transportation of
Dangerous Goods regulations made under the Transportation of Dangerous Goods Act (Canada),
(d) is a Class 5.1 Oxidizing Substance within the meaning of paragraph 2.24(a) of the Transportation
of Dangerous Goods regulations made under the Transportation of Dangerous Goods Act
(Canada), or
(e) is a Class 5.2 Organic Peroxide within the meaning of paragraph 2.24(b) of the Transportation of
Dangerous Goods regulations made under the Transportation of Dangerous Goods Act (Canada)
References:
Ontario. 1990. Environmental Protection Act, R.R.O. 1990, Regulation 347, General - Waste Management.
Toronto, Canada. (available at www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900347_e.htm

EIS-03-59

 Section 8.2,
Site Preparation
and
Construction

Information Request:
Provide information regarding the system to be used for confirmation that waste is either low level or
intermediate level.
Provide the activity concentration range of the ILW to be emplaced in the DGR.
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Context:
The descriptions of low level waste and intermediate level waste on pages 4-18 and Table 4.5.1-3 do not
include clear and unambiguous descriptions of the ranges of radioactivity to be used to categorize each type
of waste. Furthermore, the text does not include an explanation of how the categorization of each container
will be confirmed.
The ILW is described in terms of categories, volume, radionuclide inventory etc. However, there appears to be
no data on the activity concentration of the different waste forms.
OPG Response:
(a) Confirmation of Waste Type
CSA Standard N292.3 (CSA 2008) has the following descriptions of LLW and ILW:
“Low-level radioactive waste (LLW) contains material with radionuclide content above established clearance
levels and exemption quantities, but generally has limited amounts of long-lived activity. LLW requires
isolation and containment for periods of up to a few hundred years. LLW does not generally require significant
shielding during handling and interim storage.”
“Intermediate-level radioactive waste (ILW) typically exhibits levels of penetrating radiation sufficient to require
shielding during handling and interim storage. ILW generally requires little or no heat dissipation during its
handling, transportation, and long-term management. However, because of its total radioactivity level, ILW
might require consideration of the implications of short-term heat generation.”
OPG’s use of these terms at its Western Waste Management Facility (WWMF) is consistent with the CSA
descriptions, with the key differentiating aspect being the need for shielding.
Radioactive waste received at WWMF is either placed directly into storage or placed into storage after
processing. At the time of storage, the waste is defined as either low-level or intermediate-level based on the
waste package’s external dose rate, and in some cases the package type.
All waste packages with a contact dose rate exceeding 10 mSv/hr are considered to be ILW. Waste
packages with a contact dose rate up to10 mSv/hr are generally considered to be LLW, however, some waste
package types (e.g., resin liners) are always considered to be ILW, independent of the contact dose rate,
because they are stored in structures designed for ILW.
From the DGR perspective, the distinction between LLW and ILW is less important than the waste type. The
radioactivity of each waste type has been measured by various methods, including radiochemical analysis
and gamma spectroscopy of representative samples. For DGR analyses, the total radionuclide inventory is
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then determined by the total number of packages of each waste type.
For example, ion exchange resins are used for cleanup of the reactor coolant system. This waste is
segregated in special tanks at the stations. The radioactivity of this waste type has been measured by
radiochemical analysis and gamma spectroscopy of representative samples. It can contain significant
quantities of long-lived radionuclides and have high dose rates, and therefore is classed as ILW. Transfer
from the station tanks to WWMF is handled in a well-defined manner with specific ILW resin containers,
shipment notification, and dose rate checks. The classification is affirmed on arrival at WWMF through the
documentation, the waste package type, and dose rate checks. The resin containers are then placed in
designated storage areas at WWMF for ILW resin wastes. On retrieval of these waste containers for transfer
to DGR, the waste type would be known from the OPG Integrated Waste Tracking System, from the waste
location (ILW storage area at WWMF) and waste container type at WWMF, and from dose rate checks at the
time of transfer.
(b) Activity Concentration Range for ILW
The radionuclide concentrations for the various LLW and ILW are given in Appendix B of the Reference
Inventory report OPG (2010). For example, the highest C-14 concentrations are in ILW moderator IX resins
12
3
and in pressure tubes, at about 3x10 Bq/m . These concentrations are based on as-received at WWMF.
The concentrations for specific packages at any specific future date, notably at time of transfer to DGR, can
be decay-corrected by the OPG Integrated Waste Tracking System.
References:
CSA. 2008. Management of low- and intermediate-level waste. Canadian Standards Association. N292.3-08.
March 2008.
OPG. 2010. Reference Low- and intermediate- Level Waste Inventory for the Deep Geologic Repository.
Ontario Power Generation 00216-REP-03902-00003. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-03-60

 Section 8.3,
Operations
 Section 11.5.6,
Human Health

Information Request:
Provide the rationale behind contingency planning measures for potential placement of portable refuge
stations in underground locations other than the main and ventilation shaft stations.
Context:
On page 4-12, the EIS states that: “…amenities (in close proximity to the shafts) …include a
lunchroom/refuge station” and “In addition, there is a provision for placement of portable refuge stations in the
panel access tunnels.” This indicates that there will exist two refuge stations, each close to one of the two
shafts.
Any accident that may result in closure of either access tunnel could potentially block off retreat by personnel
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to shaft-located refuge stations, or even upstream-located access tunnel sites where portable refuge stations
may be located.
OPG Response:
The use of portable refuge stations in the DGR was initially considered during the conceptual design as the
emplacement rooms did not have flow-through ventilation and there was only a single egress route to the
shaft refuge stations from each panel via the panel access tunnel (note: the OPG letter dated February 10,
2012 (OPG 2012) shows the revised repository layout where the two refuge stations at the shafts were
combined to a single refuge station). In the event that the panel access tunnels were obstructed, the portable
refuge stations were available.
The current repository layout provides multiple means of egress from the emplacement panels through the
use of adjacent empty emplacement rooms and the exhaust ventilation tunnels. However, the portable refuge
stations remain to provide a shorter route to safe refuge. The pre-closure safety assessment has assumed
that safe refuge can be reached within 5 minutes of notification of an emergency event.
The initial location of the portable stations would be at the furthest extent of the panel access tunnels.
Providing portable stations allows them to be moved along the panel access tunnels as emplacement rooms
are filled, thus reducing travel time and not requiring passage in front of filled emplacement rooms. Figure 628 of the Preliminary Safety Report shows the initial placement of the portable refuge stations during the
operational period.
References:
OPG. 2012. OPG Letter, A. Sweetnam to S. Swanson, “Updated Information in Support of OPG’s Licence
Application for a Deep Geologic Repository for Low and Intermediate Level Waste”, CD# 00216-CORR00531-00101, February 10, 2012.

EIS-03-61

 Section 8.3,
Operations
 Section 11.5.6,
Human Health

Information Request:
The room dimensions appear to been chosen only on the basis of the stacking and placement capabilities of
the transport equipment and sizes of the packing containers.
Provide detail concerning the use of inferred ground stress conditions (magnitudes and orientations) and
planned excavation dimensions/geometries for the selection of safe structural design features of
emplacement rooms.
Provide justification for the selection of emplacement room dimensions, and potential variance in width and
height features by up to 1.4 m and 1.2 m, respectively between such rooms
Context:
On page 4-12, the EIS states: “Emplacement rooms are arranged parallel to expected stress conditions and
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are dimensioned to maximize packing efficiencies … The dimensions of the emplacement rooms vary 1.4 m
in width and 1.2 m in height with nominal dimensions being 8 m wide and 7 m high.”
If the dimensioning of rooms is highly variable, large differences in post-mining stress concentration can
develop about these excavations that could also result in variability in the size of the Excavation Damage
Zone about the emplacement rooms and the types of damage/failure within the rock that could develop.
OPG Response:
There are 31 emplacement rooms located in two panels (see the updated Figure 6-7 of the Preliminary Safety
Report (PSR) provided with OPG Design Updates Letter dated Feb. 10, 2012 [OPG 2012]). Room
dimensions have generally been standardized to 8.6 m wide by 7.1 m high (OPG 2012). Exceptions are the
gantry emplacement rooms which are 8.4 m wide by 5.4 m high. The emplacement rooms are 250 m long.
Emplacement room dimensions have been determined based on:





Waste package emplacement requirements;
Health and safety considerations, i.e., difference in egress time from rooms, radiation protection
considerations, and operational time span for a given room;
Ability to place the repository within the lower member of the Cobourg formation; and
Capital and operating costs, e.g., standardized room dimensions allow operational flexibility.

To minimize overstressing in the roof rock and rock support requirements, emplacement rooms have been
oriented to be parallel to the direction of the major horizontal in-situ stress which has been inferred from the
regional in-situ stress database and the observed borehole wall deformation in DGR boreholes (PSR, Section
4.2.4). Geomechanical analyses have been performed and demonstrate that emplacement rooms will be
stable over the operational period. Analyses also show that the orientation of the rooms relative to the major
°
principle stress orientation can vary +/- 30 without significantly impacting stability of emplacement rooms.
A comprehensive geomechanical characterization program has been carried out (PSR, Section 4.2) and
findings provided input to geomechanical modeling of planned excavations. The following is a summary of
the main findings of the program:


The Cobourg Formation is very competent and massive with high Rock Quality Designation (RQD)
and Unconfined Compressive Strength (UCS) values.



The values of geomechanical parameters for the Cobourg Formation determined from site specific
testing agree favourably with the regional database assembled. The only exception being that UCS
values for the site are significantly higher than those for the region.



Borehole observations indicate that the Northeast (NE) to East-northeast (ENE) orientation of the
maximum horizontal stress at the site appears to be similar to the stress orientation in the Michigan
Basin and to the general trend of in-situ stresses in eastern North America.
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Stress analyses to evaluate estimated horizontal magnitudes were carried out, assuming that one
principal stress is vertical (σV). The absence of breakouts observed in the deep DGR boreholes
permits the setting of an upper bound on the allowable maximum horizontal stress magnitude. At the
repository horizon, the range of stress ratios is estimated to be: σH/σV from 1.5 to 2.0; σh/σV from 1.0
to 1.2. (σH and σh are the maximum and minimum horizontal in situ stresses, respectively).

It is possible that the geometry and orientation of emplacement rooms, as well as the rock excavation
process, will result in variability in the size of the Excavation Damage Zone (EDZ) in the emplacement rooms
and the types of damage/failure within the rock. However, this variability will not adversely affect stability of
rooms and safety of workers. Since engineered sealing materials are not intended to be placed in the
emplacement rooms, it would not be necessary to control the size of EDZ to the same degree as in the shafts.
Regardless, controlled drill and blast techniques will be employed for all lateral development.
References:
OPG. 2012. OPG Letter, Albert Sweetnam to Stella Swanson, “Updated Information in Support of OPG’s
Licence Application for a Deep Geologic Repository for Low and Intermediate Level Waste”, CD# 00216CORR-00531-00101, February 10, 2012 (CEAA Registry Doc# 336).
EIS-03-62

 Section 8.3,
Operations
 Section 11.5.6,
Human Health

Information Request:
Provide information relating to the emplacement strategy for “large and heavy packages into the first three
emplacement rooms of the panel” as referred to in Section 4.4.2.3, page 4-12 of the EIS.
Describe the planned sequence of placement of Low Level and Intermediate Level Waste, both temporally
and spatially, within the two Panels of the DGR.
Context:
Section 4.4.2.3 of the EIS, on page 4-12 states: “A portion of the Panel 1 access tunnel will have rail
embedded in the concrete floors to allow movement of rail carts loaded with large and heavy packages into
the first three emplacement rooms of the panel.”
The layout illustration (Figure 4.4.2-1, page 4-11) indicates that Panel 1 will be comprised of 14 emplacement
rooms while Panel 2 will be comprised of 17 rooms.
OPG Response:
The transfer of large and heavy packages is described in the Preliminary Safety Report (PSR), Section
6.5.3.3, Group B Waste Package Transfer and Emplacement. In summary, the wastes are transported to the
emplacement rooms with rail carts and off-loaded into position with the use of an in-room gantry crane.
The placement of waste in the repository has taken into consideration the existing inventory of wastes, as well
as, future waste generation through the operating phase of the DGR (refer to PSR, Section 6.13, Access
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Tunnel Closure Walls). Based on current plans, Panel 2, consisting of 17 emplacement rooms, will be filled
first with the existing inventory of waste at the Western Waste Management Facility (WWMF) in the first 5 - 10
years. The balance of waste that is generated during the operating period of the DGR will be placed in Panel
1. The first 3 emplacement rooms closest to the shafts of Panel 1 are open and available for large and heavy
packages over the duration of the DGR operations period.
Spatial placement has considered the varying packaging arrangement of wastes and the current storage
practices at the WWMF. There are six (6) room profiles that have been developed to maximize the packing
efficiencies of the various package types. In most cases, rooms will house various package configurations.
Packing optimization and placement scheduling will be further developed through the operating phase of the
DGR.
Additional information on the types and quantities of wastes, transfer techniques and emplacement
orientations is provided in PSR, Section 6.4, DGR Waste Package Inventory, and Section 6.5, Transfer
Equipment and Emplacement Operations.

EIS-03-63

 Section 8.5,
Decommissioni
ng
 Section 8.6,
Abandonment

Information Request:
Explain in more detail the basis for the selection of an asphalt mastic mix as a secondary shaft seal and
provide an analysis of the additional chemicals of concern that may be produced by the seal and migrate to
groundwater (to deep saline groundwater or upwards to shallower groundwater zones).
Include information of potential chemicals of concern and migration in an evaluation of the current uncertainty
analysis of the postclosure assessment, including the assumptions used with respect to any migration of
chemicals of concern from the asphalt. Re-evaluate with respect to the so-called “confidence building”
assumptions as per Table 3.5.
Context:
Page 4-77 of the EIS states that the placement of a 60 m thick asphalt column over a length of the Georgian
Bay Formation to just above the Queenston/Georgian Bay contact was apparently selected because “it has
the ability to flow and make good contact with host rock.”
There is no explanation of why this particular section of the shaft requires a secondary asphalt seal. The
uncertainty analysis of the postclosure assessment requires a discussion of the fate and potential transport of
the hydrocarbon-related chemicals of concern in asphalt. Furthermore, alternatives to the use of an asphalt
seal must be discussed.
OPG Response:
The response is provided in four parts:
1)
2)

Selection of asphalt mastic mix as secondary shaft seal
Alternatives to asphalt seal
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3)
4)

Potential chemicals of concern from asphalt
Confidence building in the use of asphalt seal.

1. Selection of Asphalt Mastic Mix as Secondary Shaft Seal
The reference asphalt mastic mix is a low-porosity mix of asphalt compounds and aggregate. The reference
mixture contains 70% (by weight) silica sand, 20% asphalt and 10% hydrated lime (QUINTESSA and
GEOFIRMA 2011, Section 4.4.3). The mixture specification is based on the U.S. Waste Isolation Pilot Plant
(WIPP) design for shaft sealing system, which includes an approximately 40-m asphalt column (WIPP 2010,
Section A2.3; WIPP 2011, Section 4.3.1.4). The high asphalt content (which makes this an asphalt mastic
mix rather than an asphalt concrete mix) provides the sealing, the aggregate provides mechanical support,
and the lime helps suppress microbial degradation. The resulting asphalt mixture has many desirable
properties: low hydraulic conductivity, ability to heal if deformed (visco-plastic), good contact with the rock,
resistance to most acids, salts and alkalis, highly waterproof, and durability.
Bentonite-sand is the primary shaft seal because of its desirable seal properties, and because it has greater
assurance of long-term durability as it is a natural material that is commonly many millions of years old. The
asphalt mixture has been proposed as a secondary shaft seal to complement the primary bentonite-sand
mixture (PSR, Section 13.6.3.1). In particular, use of a section of seal with a different chemical composition
provides an additional level of redundancy to the sealing system, reducing the risk of some unanticipated
process causing failure of the entire shaft seal system. Asphalt has the ability to seal, and to flow and make
good contact with host rock. Immediately upon emplacement, the asphalt will create an effective barrier to
water flow.
In principle, in order to have a substantive effect on transport, this seal should be thick, and be located within
the primary shale caprock barrier. The reference shaft seal design has a 60-m asphalt section located along
a length of the Georgian Bay Formation to just above the Queenston / Georgian Bay contact. This location
has been selected because it allows the asphalt mixture to help seal against potential inflows at the contact
between the Queenston and Georgian Bay Formations, and because it will be compatible with the expected
hydrocarbon bearing layers of the Georgian Bay Formation (PSR, Section 13.6.3.1). The exact location and
thickness of the asphalt seal have not yet been optimized.
2. Alternatives to Asphalt Seal
The option of not using an asphalt seal was considered in the postclosure safety assessment (QUINTESSA et
al 2011, Section 7.3.5.3). The calculation cases (NE-GT4 and NE-GT5) considered the replacement of the
asphalt column with bentonite-sand seal in the shafts, and were based on the high gas generation case NEGG1. The results show no significant effect on overall gas pressure, gas fluxes or contaminant transport.
Therefore, the asphalt seal layer is not required for shaft seal performance under expected conditions. Its
value is as an independent material that could provide confidence in the shaft performance under unexpected
conditions where the performance of the bentonite/sand seal is degraded.
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Alternatives would be to replace it with the reference bentonite/sand seal or with 100% bentonite seal. This
decision does not need to be made for several decades, and will be informed by long-term seal material tests
that can be undertaken under in-situ conditions, as outlined in Section 2.2.8 of the Geoscientific Verification
Plan (NWMO 2011).
3. Additional Chemicals of Concern from the Asphalt Mixture
Asphalt (bitumen) is insoluble in water and can act as an effective waterproofing sealant. It also resists action
by most acids, alkalis and salts and does not contaminate water, so it can be used to line watercourses. It
has been used for many years as a seal in fish hatcheries and drinking water reservoirs, and other
environmental protection applications (Asphalt 2004).
Short term tests were performed to study the leaching of polycyclic aromatic hydrocarbons (PAHs) from
bitumen and asphalt concrete in pH 4 water (Brandt and de Groot 2001). The asphalt concrete was made
from commercially available bitumen, 7.9% by weight. The aqueous concentrations reached equilibrium
levels within a few days. The result indicated that generally only the higher water soluble PAHs with 4 rings or
less could be found in concentrations above 0.1 ng/L. Naphthalene had the highest concentration, with
aqueous concentrations of 30-50 ng/L (Brandt and de Groot 2001). Aqueous concentrations of
acenaphthene, fluorine and phenanthrene were less than about 4 ng/L (Brandt and de Groot 2001). These
values are very low, well below the Canadian environmental quality standards in groundwater, i.e., 7 µg/L for
naphthalene, 4.1 µg/L for acenaphthene, 120 µg/L for fluorene, and 0.1 µg/L for phenanthrene (Table 1 of
MOE 2011).
The pore water in the shaft and surrounding rock will be significantly less acidic than that of the leaching water
used by Brandt and de Groot (2001) and so even lower PAH concentration can be expected. Furthermore,
the asphalt in the shafts will be located within low permeability rock and surrounded by low-permeability
bentonite-sand seals, so the transport is diffusion-dominated and any leachate generated from the limited
degradation of the asphalt will be localized near the asphalt seals.
4. Confidence Building in the Use of Asphalt Seal
The following attributes provide confidence in the use of asphalt:





Asphalt is a common construction material with well-known physical and chemical properties.
Asphalt is used extensively and safely in surface environments (e.g., road paving, roof shingles, and
waterproofing) with no contamination concerns.
Calculations presented in Section 4.5.5 and Appendix E.6 of QUINTESSA (2011) indicated that, even
over the long timescales of the postclosure safety assessment, the chemical degradation of the
asphalt seal will be limited.
Equilibrium PAH concentrations in the leach water from the asphalt are expected to be below the
Canadian environmental quality standards in groundwater.
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The asphalt in the shafts will be located within low permeability rock, and surrounded by lowpermeability bentonite-sand seals, so the transport is diffusion-dominated, and any leachate that
might be generated from its chemical degradation will be localized near the asphalt seals.

In conclusion, given the extensive safe use of asphalt in surface environments, information on limited leaching
of asphalt, and the low-permeability location of the asphalt seal, leachate from the asphalt seal is not of
concern. Furthermore, an asphalt seal is not required for shaft performance. It can be replaced with the
reference bentonite/sand seal or with 100% bentonite seal, to be informed by long-term seal material tests
that can be undertaken under in-situ conditions.
References:
Asphalt. 2004. Environmental and Recreational Uses of Asphalt. Asphalt Magazine. Summer 2004.
(available at
http://www.asphaltrubber.org/ari/General_Information/Environmental_Recreational_Uses_Asphalt.pdf)
Brandt, H.C.A. and P.C. de Groot. 2001. Aqueous Leaching of Polycyclic Aromatic Hydrocarbons from
Bitumen and Asphalt. Water Resource 35(17), pp. 4200-4207.
MOE. 2011. Soil, Ground Water and Sediment Standards for Use under Part XV.1 of the Environmental
Protection Act. Ontario Ministry of the Environment. Toronto, Canada.
(available at
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene/@resources/documents/resource/stdprod_086516
.pdf)
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization Report NWMO
DGR-TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA. 2011. Postclosure Safety Assessment: System and Its Evolution. Quintessa Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-28 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. Quintessa Ltd. and Geofirma
Engineering Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR-2011-32 R000.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc # 300)
WIPP. 2010. Attachment G2, Waste Isolation Pilot Plant Shaft Sealing System Compliance Submittal Design
Report, Appendix A Material Specification. Adapted from SAND96-1326/1. (available at
http://www.nmenv.state.nm.us/wipp/documents/AttachmentG2A_001.pdf)
WIPP. 2011. Attachment G2, Waste Isolation Pilot Plant Shaft Sealing System Compliance Submittal Design
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Report. Adapted from SAND96-1326/1. (available at
http://www.nmenv.state.nm.us/wipp/documents/AttachmentG2.pdf)

EIS-03-64

 Section 8.5,
Decommissioni
ng

Information Request:

 Section 8.6,
Abandonment

Include references to experience in other relevant settings. Include these estimates in an evaluation of the
current uncertainty analysis of the postclosure assessment. In particular, explain how assumptions used with
respect to the life-span of these materials contribute to the confidence in the postclosure assessment as per
Table 3.5.

Assess the durability of concrete bulkheads (in shaft seals and repository rooms), asphalt seals, and
bentonite sand seals for the duration of the operational phase and extending into the postclosure phase.

Context:
The purposes of the materials in the shaft sealing design include structural support and prevention of
movement of poor quality, saline groundwater from the lower Salina Formation and other sources into the
upper fresh water aquifer (EIS: page 4-77).
These purposes are important – particularly during the period required for a tight shaft seal to be produced
(this period is unspecified in the EIS). Evidence is required to demonstrate that the bulkhead integrity would
be sufficient to manage risks associated with migration of poor-quality groundwater until such time as a tight
seal has been produced.
OPG Response:
During the operational phase, there will be concrete plugs in the access tunnels to isolate panels of filled
rooms, but no bulkheads on the rooms. At the time of closure, a concrete monolith will be installed around the
bottom of the shafts, concrete bulkheads will be installed in the shaft at specific locations, and the rest of the
shaft filled up to about 191 mBGS (metres below ground surface) with bentonite-sand seals and, in one
location, an asphalt seal. Note: The top ~179 m of the shaft will be filled with engineered fill and then capped
by concrete. There will be ~12 m thick concrete bulkhead between the engineered fill and the bentonite-sand
seals.
The response is provided in the following parts:
1)
2)
3)
4)
5)

Protection of upper fresh water aquifer
Durability of concrete bulkheads, asphalt seals and bentonite-sand seals
Experience in other relevant settings (including natural analogues)
Shaft seal performance in the postclosure assessment
Summary.
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1) Protection of upper fresh water aquifer
One purpose of the shaft sealing system is to prevent flow of poor quality saline groundwater from lower
formations upward via a shaft into the upper freshwater aquifer.
During operational phase, the shafts will be concrete-lined. There will be cut-offs provided at the base of the
upper aquifer and then sealed to prevent potential water seepage along the rock- liner interface. There will be
cutoffs and seals at other locations where potential water seepage pathways may occur. The current design
assumes cementitious grout seals.
At the time of closure, the concrete liner up to the base of the upper aquifer will be removed. In particular, a
thick upper concrete bulkhead will be installed below the upper aquifer, at the top of the Silurian Formations at
about 185 mBGS (QUINTESSA and GEOFIRMA 2011, Section 4.3.2). This bulkhead will be underlain by
about 130 m of low permeability bentonite/sand seal to prevent the upward movement of saline water from the
permeable Salina A2 Formation. Concrete bulkheads will also be installed at closure at the Salina A2 and
Guelph Formations, and further bentonite-based seals emplaced between these. The concrete bulkheads will
provide immediate low permeability, until the bentonite/sand seal swells and produces a further long-term tight
seal.
For structural stability, the bulkheads will be constructed to a height larger than the diameter of the excavated
shaft (Preliminary Safety Report (PSR), Section 13.6.3.1), and will be keyed into the adjacent rock. The
specific design of the bulkhead will be finalized as part of the decommissioning planning, taking into
consideration data obtained during the shaft excavation and from subsequent monitoring during operations.
Within the upper ~180 m shallow groundwater system, there is a transition in groundwater salinity. This
transition is from brackish water in the lower Bass Islands and Bois Blanc Formations, to fresh water in the
upper Amherstburg and Lucas Formations (INTERA 2011, Section 4.5.1.1). This reflects the contact of water
flowing laterally through the permeable Bois Blanc with the saline Salina Formations along the length of the
groundwater flow system, diluted by the freshwater flowing in to the shallow groundwater system from the top.
The sealed shaft will not change these conditions.
2) Durability of Concrete Bulkheads, Asphalt Seals, and Bentonite-Sand Seals
The reference shaft seal design is based on a combination of durable, low-permeability bentonite, concrete
and asphalt materials. The primary seal is 70/30 wt% bentonite-sand mixture that balances sealing and
mechanical properties. The concrete is a low heat high performance concrete, using a sulphate-resistant
cement and with lower-pH than conventional cement. The asphalt mix is a low-porosity mix of 20% bitumen
with 70% aggregate for mechanical strength and 10% lime to minimize microbial degradation.
The characteristics and experience with bentonite/sand seals is summarized in Box 2 of Section 8.6.2.9 of the
PSR. In addition, the long-term evolution of the shaft seal materials are discussed in Sections 4.5.3, 4.5.4,
and 4.5.5 of QUINTESSA (2011), respectively for concrete, bentonite-sand, and asphalt. Table 4.2 of
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QUINTESSA (2011) summarizes anticipated long-term evolution of the shaft seals and is repeated below in
Table 1. The assessment time scale for postclosure safety assessment is 1 million years. Details of the
assessment of chemical degradation of the shaft seal are provided in Appendix E of QUINTESSA (2011).
The structural evolution of the sealed shaft was also informed by the geomechanical analyses, which modeled
the rock around the shaft in response to the stress relief, ice-sheet loading and unloading, gas pressure, and
seismic shaking (NWMO 2011a, Section 6.4.3).
Table 1: Long-term Evolution of Shaft Seals
Feature

Evolution

Concrete
Monolith

The monolith is located in very low permeability rock. Reaction with the host
rock porewater will be limited by the rate of diffusion of reagents. It is
anticipated that physio-chemical degradation of the monolith will be limited
over assessment timescales. There is most likely to be some carbonation
(armouring) and sulphate attack of the external surfaces exposed to CO2 gas
and water in the DGR and the shaft EDZ. Sulphate attack and mechanical
stresses may result in some cracking.

Bentonite-Sand

No significant alteration/degradation of the bentonite-sand over the
assessment time scale, except where it contacts the concrete bulkheads. Here
up to 1 m of chemical alteration is likely. Although this will result in a local loss
of swelling pressure and cracking of the bentonite-sand, it will not significantly
affect the overall performance of the seal, since the majority of the seal will be
unaltered.
Over assessment timescales, there will be some Ca-K exchange, which will
result in a reduction in the swelling pressure. However, this is not anticipated to
significantly reduce seal performance.

Asphalt Mix

No significant alteration/degradation of the asphalt mix with assessment
timescale.

Concrete
Bulkhead

Although the bulkheads are in contact with relatively more permeable
geological formations than the monolith, the head gradient is low and
groundwater flow is slow and so degradation will be limited. It is anticipated
that similar to the monolith, alteration will be dominated by carbonation and
sulphate attack. Sulphate attack and mechanical stresses are anticipated to
result in cracking. The extent of cracking may be greater than for the monolith,
which is a much larger feature.
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3) Experience in Relevant Settings
Repositories and Other Human Experience
Bentonite is widely used as a sealant and an absorbent in a variety of industrial applications, including
groundwater control. Bentonite/sand is a sealing material that is widely specified within waste management
organizations. Within Canada, there is experience with using bentonite-sand as seals in the AECL
Underground Research Laboratory Buffer-Container Experiment Test, Isothermal Test, Tunnel Sealing
Experiment (TSX), and the Enhanced Sealing Project (ESP) (Dixon et al. 2002, Martino et al. 2007, Martino et
al. 2011, and Dixon et al. 2011).
There is also experience in low–heat high performance concrete bulkheads designed to work with bentonitesand seals in the TSX and ESP (Dixon et al. 2011 and Marino et al. 2011).
The reference asphalt mastic mix is a low-porosity mix of asphalt compounds (bitumen), aggregate and lime.
The mixture specification is based on the U.S. Waste Isolation Pilot Plant (WIPP) design for their shaft seal
(WIPP 2010, Section A2.3). This asphalt mix is related to the widely-used asphalt used on roads, but has
more bitumen (20% versus 5-7%). Bitumen has also been used to solidify IX resins and sludge in
underground repositories (e.g., Olkiluoto in Finland and SFR in Sweden).
These materials have also been used by people in various applications that illustrate their durability on
thousand-year timescales. For example, an ancient tomb in China contained a well-preserved body and other
soft objects (food, wood and silk) due to the clay lining (a few metres thick) placed deliberately in the burial
chamber and totally enclosing the coffin (p. 124 of Miller et al 2000; p.21 of IAEA 1999). This clay lining
prevented ingress of air and water for over 2000 years.
Due to its good waterproofing ability, natural bitumen has been used by people for more than 5000 years
(Miller et al. 2000, Section 4.7).
Cementitious materials used nearly 9,000 years ago have survived intact to the present day (WIPP 2000,
Section 4). These materials include lime mortars and cements used between 8,800 and 4,000 years ago, and
concretes used between 3,000 and 800 years ago. Many of the concretes have survived over such long
periods, despite its exposure to more aggressive surface environment (e.g., wet and dry cycles, and freezethaw cycles) than those at the deep geologic repository. An archaeological analogue of cement-based
materials can be found in the Roman mortars used in Hadrian’s Wall 1700 years ago (Miller et al. 2000,
Section 4.6). The Wall still contains substantial amounts of calcium silicate hydrate (C-S-H) compounds,
which are the main hydration products of Portland cement. Other ancient examples include a floor slab in an
ancient village in Israel (8850 years old), Egyptian pyramid mortar (4500 years old), a water tank in Greece
(3000 years old), the Pantheon (1800 years old), and Roman roads built 1500 years ago (WIPP 2000, Table
1).
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Natural Analogs - Bentonite-Based Materials
Bentonite clay is a stable material formed naturally from volcanic ash, and typically is millions of years old.
The reference bentonite material for the DGR shaft seal is MX-80, which is from deposits in the western USA
that were formed about 100 million years ago.
Another example of the longevity of the clay materials is the natural bentonite bed at Kinnekulle, Sweden
(Pusch et al. 1998, Section 3.3). The bentonite was formed over 400 million years ago. The percentage of
smectite (swelling clay) in this bentonite bed ranges from 30-50% after millions of years (Inoue et al. 1990),
even with some exposure to the thermal effect of igneous intrusions occurring 300 million years ago. This
thermal effect will not occur in the DGR shaft seals over time scales relevant to the DGR, which would be at
natural rock temperatures of around 18-20°C.
One well-known natural analog example of the long-term isolating capacity of clay materials is the Fossil
Forest of Dunarobba, Italy (Box 9 in Section 4.5 of Miller et al 2000; p.21 of IAEA 1999). The sequoia-like
trees in Dunarobba forest were buried in clay for about 2 million years. The low permeability clay minimized
the flow of water to the trees, preventing them from decomposing. The hydraulic conductivity of the clay layer
-13
-10
is in the range of 2x10 to 2x10 m/s (p.121 of Miller et al 2000). This is comparable to the reference
-11
hydraulic conductivity value for bentonite/sand seal of 1x10 m/s (QUINTESSA and GEOFIRMA 2011, Table
4.22).
The clay layer around the 1.3 billion year old Cigar Lake uranium ore body is another example. This clay
helped preserve this ore from the groundwater in the surrounding permeable sandstone (Miller et al 2000,
Section 4.2).
In summary, natural clay barriers can form effective barriers for time periods of millions of years. Natural clay
barriers have been effective for time scales of at least 1 million years even at thicknesses of around one
metre (e.g., Dunarobba fossil trees, Cigar Lake ore body). The thickness of the bentonite-based materials in
DGR shafts is much thicker, about 375 m total.
Natural Analogs - Asphalt-Based Materials
Asphalt is durable natural material. Natural bitumen (also known as asphalt) is found in a number of locations
indicating that it is stable even under near-surface conditions including water saturated environments for at
least tens of thousands of years (Section 4.7 of Miller et al. 2000; p.32 of EU 2006).
One example is the Athabasca oil sands located in McMurray Formation, Alberta, which is the largest known
reservoir of crude bitumen in the world. The McMurray formation is of early Cretaceous age. The formation is
presently composed of numerous lenses of unconsolidated oil-bearing sand interspersed with clay and shale
partings of variable thickness, carbonaceous and lignite beds, some rock and boulders. Recent isotopic
studies attribute the oil deposits to be about 112 million years ago (Selby and Creaser 2005).
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The asphalt pits at Rancho la Brea, California, and Talara, Peru, and the asphalt lakes of Trinidad and
Guanoco, Venezuela, have preserved animal bones and wood (Miller et al. 2000, Section 4.7). For example,
pre-historical animals became trapped and preserved in asphalt pits at Rancho la Brea between 10,000 and
40,000 years ago near the end of the last Ice Age.
In addition, natural bituminous materials found at Oklo, Gabon, indicate that bitumen can enhance
radionuclide retention (p.32 of EU 2006).
Natural Analogs - Concrete-Based Materials
Naturally occurring C-S-H compounds - a key element in cement - can be found from County Antrim, Northern
Ireland (p. 131 of Miller et al. 2000). The metamorphosed flints are surrounded by C-S-H minerals and other
minerals near a dolerite plug. The C-S-H compounds formed during hydrothermal alteration of the
sedimentary rock before the intrusion of the dolerite. This implies that the C-S-H compounds have been stable
for about 58 million years, the age of the dolerite intrusion.
4) Shaft Seal Performance in the Postclosure Assessment
Although the shaft seal system is designed to have a low-permeability, its permeability is not as low as that of
the host rock and therefore the shafts are recognized to be the main pathway for any contaminant release
from the repository. Uncertainties in the properties of the seals are, therefore, potentially important. They are
considered within the postclosure assessment as follows.
Seal properties
The permeabilities of the seal materials were assigned values as discussed in the Postclosure Safety
Assessment: Data report (QUINTESSA and GEOFIRMA 2011, Section 4.5.2). In particular, fresh concrete
-12
-14
-10
has hydraulic conductivity in the range of 10 to 10 m/s, but a value of 10 m/s was used in the
postclosure assessment to represent degraded concrete. The bentonite-sand seal hydraulic conductivity
-12
could be as low as 10 m/s, but assuming the seals equilibrate with the surrounding saline groundwaters, the
-11
value of 10 m/s was used in the postclosure assessment. The range of asphalt mix hydraulic conductivities
-11
-14
-12
reported by WIPP was 10 to 10 m/s; a value of 10 m/s was adopted for the postclosure assessment.
Normal Evolution Scenario variant case
Within the Normal Evolution Scenario, the effect of higher permeabilities in the shaft seal materials was tested
(PSR, Section 8.8.2.7). In particular, in calculation case NE-GT5, the hydraulic conductivities of all shaft seals
-10
were set to 10 m/s and the gas entry pressures were reduced by a factor of two. (In addition, the metal
inventory, the metal corrosion rates and the organic degradation rates were increased for this case compared
with the reference case). The results showed that the repository retained the radioactivity, with peak doses
remaining more than five orders of magnitude below the dose criterion.
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Shaft Seal Failure
The uncertainty surrounding the performance of shaft seal is bounded by the unlikely Severe Shaft Seal
Failure Scenario (PSR, Section 8.7.2). In this scenario, the entire 500 m of shaft seals were assumed to
-9
immediately degrade to about 10 m/s hydraulic conductivity, which is higher than the measured range for
these materials. The case also included reduced sorption in the shafts, increased degradation of shaft
damaged zone, and assumed that a family was farming directly on top of the shafts (including a house located
on the main shaft). In the “what if” extra degradation case, the entire shaft seals were assumed to degrade to
-7
about 10 m/s hydraulic conductivity, corresponding to a fine silt and sand mixture.
In the base case, the peak calculated dose rate could reach 1 mSv/a. With the extra degradation case, the
peak calculated dose rate increased to tens of mSv/a. In both these cases, the dose is due to C-14 carried
with free gases breaking through to the shallow groundwater zone and surface. The repository models
assume that C-14 is readily released from the wastes, and do not include any significant loss of C-14 by
exchange or mineralization. The peak dose rates from shaft failure become much less than 1 mSv/a after
about 60,000 years due to the decay of C-14.
5) Summary
The combination of materials used in the shaft seal design provides an immediate short-term low permeability
barrier to ensure protection of the freshwater aquifer from deeper saline waters, and a long-term low
permeability barrier to contain the radioactivity in the repository. The postclosure assessment, through
conservative values and through testing the effects of uncertainty in the seal permeability, shows that the
repository and shaft seals effectively contain the radioactivity.
The key radionuclide with respect to shaft seal durability is C-14, which can be present in the gas phase. A
shaft seal durability of at least 60 thousand years, therefore, ensures decay of most of the C-14 (at least ten
half-lives). The shaft seal design is based on durable materials, with the bulk of the sealing provided by
bentonite with a demonstrated natural durability of millions of years.
The shaft seal detailed design does not need to be finalized for several decades, and will be informed by longterm seal material tests undertaken under in-situ conditions, as outlined in Section 2.2.8 of the Geoscientific
Verification Plan (NWMO 2011b).
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EIS-03-65

 Section 9.3,
Valued
Ecosystem
Components

Information Request:
List the criteria used to evaluate and screen the proposed list of VECs in the EIS Guidelines as well as
additional VECs suggested via the public consultation program or via input from the assessment team.
Explain how these criteria were used to produce the final list of VECs for each discipline (presumably from a
longer candidate list).
Explain if different sets of criteria were used for different disciplines and if so, the rationale for the specific sets
of criteria/discipline. Provide the evaluation of the suggested VECs for each discipline in a table and/or
narrative text.
Provide an explanation for the absence of provincially significant plants or wildlife in the list of terrestrial VECs
presented in Table 6.4.2-1 of the EIS.
Context:
Section 9.3 of the EIS Guidelines states: “The EIS must describe the general criteria used to identify VECs
that may be affected by the project. This list of VECs should be modified as appropriate by the proponent in
the EIS, following consultations with the public, Aboriginal people, federal and provincial government
departments and relevant stakeholders, including those comments received by the Canadian Environmental
assessment Agency and the Canadian Nuclear Safety Commission during the April 4 to June 18, 2008
comment period.”
The EIS does not provide general criteria used to identify VECs, nor does it provide any discipline-specific
screening of VECs from a longer list of potential VECs derived from public consultation and professional
judgment. The usual practice is to produce long-lists of VECs according to criteria such as relative presence
or abundance in the study area, potential for exposure to stressors, sensitivity to stressors, knowledge base
about the VEC that would allow confident assessment of effects, and social/cultural/spiritual/economic
importance. It is noted that the rationale for each VEC selected is presented in the EIS and/or TS for the
various disciplines. This information request refers to further description of the process leading to the final list
of VECs.
It is common practice to include listed species among the VECs used in an assessment in order to ensure
that the assessment covers the special considerations associated with these species (including provisions of
the Species at Risk Act and the Migratory Birds Act). Therefore, an explanation for the absence of listed
plants or wildlife species and how the assessment accounted for any special considerations related to these
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species is required to evaluate the defensibility and appropriateness of the assessment.

OPG Response:
Guideline VECs
In 2006, a Draft Scoping Document for the DGR Project was issued by the Canadian Nuclear Safety
Commission (CNSC). It stated that: “The VECs proposed in the EA methodology for this project must be
reviewed and accepted by CNSC staff in the early phases of the EA study.” Consistent with this guidance,
Ontario Power Generation (OPG) proposed a list of VECs to the CNSC for the DGR Project and the list was
largely based on past EAs at the Bruce nuclear site. For projects such as the DGR, consistency with past
assessments is an important consideration in developing the list of Valued Ecosystem Components (VECs)
so as to provide regulators and other stakeholders context with respect to past projects that have been
assessed at the site. However, in some cases modifications were made based on the following
considerations:


presence in the Site Study Area;



potential implications in pathway(s) of effect;



identification as a surrogate for assessment of effects to other similar species;



ecological importance – position in the food web, relative contribution to productivity;



baseline data availability – sufficient information to allow a reasonable evaluation of effects;



native species representing various levels of the food chain;



socio-economic importance;



historical Aboriginal importance;



species of conservation status; and



species sensitive to the “stressors” produced by the DGR Project.

The DGR Project site has been used in association with other projects, for example as a laydown area for
construction of the heavy water plant. However, the DGR Project is located in an area that has not been
proposed for development as part of a previous EA. Therefore, OPG’s draft VEC list included some
modifications from previous EAs at the Bruce nuclear site. For example, past projects identified sago
pondweed as an aquatic VEC; however, variable leaf pondweed was proposed as it is present in the Project
Area. Generally, species that exist offshore (e.g., deepwater sculpin), were not proposed by OPG as VECs
unless there was a particular interest expressed by members of the public or Aboriginal communities (e.g.,
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lake whitefish was retained as a VEC because of ongoing interest from Aboriginal communities). In addition,
some species of birds were substituted with alternate species to better reflect the existing plant communities
on the DGR Project site, including the removal of chipping sparrow from the VEC list and the addition of redeyed vireo and yellow warbler. Red-eyed vireo is a forest dwelling species of bird that was selected as a VEC
because it has been documented in a number of locations on the site in forested communities.
In addition, some of the names used to describe VECs for the physical environment were simplified to make it
clearer what was being assessed (e.g., air quality instead of local atmosphere). Finally, a series of ecological
features were identified as VECs, where these features allowed for the assessment of multiple effects from
different disciplines to be combined and described in a single location (e.g., Lake Huron).
As mentioned above, in keeping with the draft scoping document, OPG provided a draft list of VECs to the
CNSC. Subsequently, the DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate- Level Radioactive Wastes (CEAA and CNSC 2008)
were issued for public review and comment. These guidelines, and the final guidelines (CEAA and CNSC
2009), included a list of suggested VECs for the DGR Project.
Changes to Guideline VECs
In selecting the VECs for inclusion in the assessment, the approach was to use all of the VECs in the
Guidelines, and augment those where input identified the need for additional VECs, or site conditions
suggested that the Guideline VECs would not be valuable in evaluating the effects of the DGR Project.
Specific additions and changes to the Guideline list of VECs (described in Section 5.3.2 of the EIS) include
the following:


The VECs in the Geology TSD were expanded from those listed in the Guidelines (i.e., soil quality,
groundwater quality, groundwater quantity and flow), to reflect the unique vertical nature of the
assessment for the DGR Project. Specifically these three VECs were expanded to nine for use in the
EIS (i.e., soil quality, overburden groundwater quality, overburden groundwater transport, shallow
bedrock groundwater quality, shallow bedrock groundwater and solute transport, intermediate
bedrock water quality, intermediate bedrock solute transport, deep bedrock water quality, deep
bedrock solute transport).



The meadow vole (a terrestrial VEC on past assessments) was replaced by the northern short-tailed
shrew as trapping programs results did not confirm the presence of meadow vole in the Project Area,
but did confirm the presence of northern short-tailed shrew.



Spottail shiner was added as an aquatic VEC because it is an important forage fish species (see
Section 4.1.1 of the Aquatic Environment TSD).



For radiation and radioactivity, 12 specific VECs were identified. These VECs were added to
represent different trophic levels within the ecosystem and hence different exposure pathways to
radionuclides potentially released from the project.
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For socio-economics, the seven VECs listed in the Guidelines were expanded to 13 to allow specific
evaluations of how the effects of the DGR Project could affect assets for the socio-economic
environment (see also the response to IR-EIS-03-48).



The single human health VEC in the Guidelines was expanded to four separate VECs to allow
focussed assessment on the differences in effects to different members of society.

The review and feedback provided on the EIS Guidelines, and input solicited during Open Houses, did not
identify the need for additional VECs beyond the changes identified above.
Listed Species as VECs
No listed species were removed from the VEC list relative to the lists used in completing recent assessments
at the Bruce nuclear site, all of which have undergone independent review.
One provincially significant species of wildlife, bald eagle, was included as a VEC in the Guidelines as well as
in the assessment for the DGR Project. Although the species is not present in the Project Area, or known to
use the Project Area, it has been included in a number of previous EAs at the Bruce nuclear site and was
retained for consistency and previously identified importance to Aboriginal communities. The VECs selected
for assessing the effects of the DGR Project were chosen because of their known presence on the site and
their ability to act as surrogates for assessing the effects on other Species at Risk in the Local Study Area.
For example, the midland painted turtle is known to exist in the Site Study Area and acts as a surrogate for
potential effects on the spotted turtle, a known Species at Risk in the Local Study Area.
Rare species have not been highlighted by identifying them as VECs for the DGR Project because of
sensitivities with respect to harvesting that would occur if details are provided about their existing locations,
abundance and use of the study areas. Additional information on the potential effects on at-risk species will
be provided in a supplementary response to IR-EIS-01-15.
References:
CNSC. 2006. Draft Comprehensive Study Scoping Document for an Environmental Assessment of the
Proposal by Ontario Power Generation for a Deep Geologic Repository For Low- and Intermediate-Level
Radioactive Waste. (CEAA Registry Doc# 8)
CEAA and CNSC. 2008. DRAFT Guidelines for the Preparation of the Environmental Impact Statement for
the Deep Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc #
14)
CEAA and CNSC. 2009. Guidelines for the Preparation of the Environmental Impact Statement for the Deep
Geologic Repository of Low- and Intermediate- Level Radioactive Wastes. (CEAA Registry Doc # 150)
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Information Request:
Provide det ailed information on th e r ationale f or the f ield s tudies c onducted for t he T errestrial E nvironment,
Hydrology and Surface Water Quality and Aquatic Environment. This information is to include:
 objectives;
 rationale for selection of sample sites;
 rationale for sampling effort in terms of specific data quality objectives (which can be described in terms of
performance c riteria s uch as c onfidence that minima, max ima an d mea ns ad equately c apture nat ural
variability);
 rationale for chemical analysis performed on the samples (if applicable); and
rationale for any statistical analysis used in interpretation of the data set (which would include newly-acquired
field data plus existing data if applicable)
Context:
The descriptions of field studies contained in the TSDs for the Terrestrial Environment, Hydrology and Surface
Water Quality and Aquatic Environment are very brief and do not include any information on the rationale and
data quality objectives for the sampling that took place. It is impossible to judge how the data obtained during
these field studies add to c onfidence in the description of th e existing environment, including: identification of
sensitive habitat features; presence, relative abundance and s tatus of pop ulations of VECs ; evidence of pas t
impacts fr om human activities; pr esence of im portant confounding v ariables t hat would i nfluence th e eff ects
from th e DG R Project; v erification of s patial bo undaries f or the as sessment; id entification of the mo st
appropriate indicators of effects for each VEC; and, natural variability of the indicators of effects.
The defensibility, reliability and scientific credibility of the field studies require documentation.
OPG Response:
Hydrology and Surface Water Quality:
The objective of the sampling program was to determine whether the surface waters at or near the DGR
Project Area have been affected by past activities at the Bruce nuclear site, and to provide more detailed and
up-to-date information regarding the existing conditions within the Site Study Area to provide a basis for
comparison with historic information and potential effects of the DGR Project. The sampling program was
designed to identify both spatial and temporal variation of key water quality parameters. Special
consideration was given to the South Railway Ditch which is known to receive runoff from the Western Waste
Management Facility (WWMF).
The sampling program was not intended to provide a rigorous
characterization of the entire Bruce nuclear site or the main body of Lake Huron.
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During the development of the surface water sampling program, the initial DGR Project design layout, which
included discharge from the storm water management pond to the Stream C watershed, was considered. The
site layout and discharge location changed after the first round of sampling. Sampling points were identified
as follows:





Stations SW3 and SW4 (South Railway Ditch) were included to capture any potential effects in water
quality from the WWMF.
SW1 was intended to capture the upstream water quality in Stream C while SW2 was intended to
provide a location downstream of the discharge of the South Railway Ditch.
SW5 was included to measure the existing runoff from the “site”.
SW6 was included as a reference location for Lake Huron, within MacPherson Bay.

The number of sampling events (6 in total) was intended to capture seasonal effects, excluding winter
because of safety concerns related to sample taking, as well as wet/dry conditions. The duration of the
sampling program was not intended to provide the basis for statistical analysis of performance criteria such as
confidence limits on minima, maxima and means. Data collection over several years would be required to
gather enough information to conduct a meaningful statistical analysis. Previous experience in the area also
suggested that most of the analysis would likely return values that are reported to be less than the method
detection limits.
To allow for comparison of analysis results, the selected parameter list for the sampling program was based
on sampling programs for previous environmental assessments at or near the Bruce nuclear site. These
parameters are listed with their respective criteria in Appendix D of the Hydrology and Surface Water Quality
TSD. Knowing that there was existing contamination of the South Railway Ditch, the DGR sampling program
also included analysis for a series of volatile compounds (see Appendix E of the Hydrology and Surface
Water Quality TSD).
The intention of the sampling program was to identify parameters and locations that exceed specific water
quality criteria because at the time the sampling program was developed, the constituents of the effluent were
not known (i.e., they were determined at a later date by means of a leachate test). The specific water quality
criteria that the parameter list is based on are existing criteria from the Provincial Water Quality Guidelines
(PWQOs) and CCME guidelines for conventional parameters (e.g., non-radioactive). As such, the laboratory
objectives were to provide chemical analysis that could establish whether or not a specific parameter
exceeded specific criteria.
Data quality was assured through the use of field and trip blanks.
Detailed statistical analysis was not completed for the sampling data for the following reasons;



For volatile substances, the results were less than the method detection limit for all samples collected
at all locations.
Most of the results for metals were either less than or slightly above the method detection limit.
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Results for metals that exceeded the criteria confirmed the contamination that likely resulted from
previous use of the site and/or WWMF or natural background.

Statistical analysis (applied to the results of an ongoing monitoring program) could potentially be used to
determine if there is a measurable effect after operation of the DGR facility begins.
Terrestrial and Aquatic Biology:
The objectives of the terrestrial and aquatic ecology field data collection programs were to collect baseline
data on the existing habitat conditions within the Site Study Area and to document the terrestrial and aquatic
biota present in the Site Study Area, focusing on Valued Ecosystem Components (VECs). The intent of the
data collection was to compile a baseline of existing conditions against which potential project effects could be
predicted. The field studies were designed to document the presence and local distribution of these species
at selected locations throughout the Site Study Area.
Field survey locations were focused on characterization of the Site Study Area and Project Area. Sample
sites were selected based on a number of factors, including:


proximity to potential disturbance from proposed project works and activities,



predicted pathways of effect,



survey protocols,



representativeness of habitats within the Site Study Area,



habitat suitability and availability for VECs; and



gaps in acquired existing site-specific ecological data.

Field data collection was focused within the most suitable habitats for the targeted species (VEC species)
including individual species or suites of species (muskrat, white-tailed deer, basking turtles, forest birds, fish
species or communities, benthic macroinvertebrates or aquatic plants). Ecological land classification was
completed for the entire Site Study Area to accurately map the existing plant communities on the site.
Data collection for both the terrestrial and aquatic environments followed a qualitative approach as the
objective with data collection efforts focused on characterizing and mapping habitat and biotic communities.
The data quality objectives to be met with the biotic sampling programs were the composition of the local
communities in specific habitats, the trophic levels represented, and the presence of species that are sensitive
to disturbance. While no quantitative sampling or statistical analyses were conducted, the study design was
developed to be repeatable, and sufficiently representative that similar conclusions would result from
subsequent sampling. Fish sampling also provided information on relative abundance of species present.
This approach was determined to adequately characterize the baseline conditions of the terrestrial and
aquatic environments.
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Species specific survey procedures are described in the individual TSDs and followed accepted guidelines,
including, but not limited to those issued by the Department of Fisheries and Oceans, Canadian Wildlife
Service, Ministry of Natural Resources. The methodologies followed for this project included specific
procedures regarding the time of day, time of year and weather/temperature conditions in which the surveys
are to be completed. These timing windows are linked to the most active periods for terrestrial species
(amphibian breeding, breeding birds, migration, winter congregation and seasonal concentrations). Fish
sampling targeted the midsummer resident fish community which has greater potential to be indirectly
affected by the Project. This confers a high confidence level in the quality of the acquired data, from the
perspective of species presence and community composition. Detailed descriptions of the methodologies
followed are described in the Terrestrial Environment and Aquatic Environment TSDs, including specific dates
and times. All data was summarized and mapped as part of this project.
Chemical analysis on the terrestrial and aquatic ecology field data was not applicable because no effects
were anticipated through this pathway.

EIS-03-67

 Section 10.1
Biophysical
Environment
 Section 10.1.6,
Ambient
Radioactivity
 Section 11.4.6,
Radiological
Conditions
 Section 11.5.6,
Human Health

Information Request:
Indicate whether there was a formal cross-check between the estimated low level and intermediate level
waste radionuclide inventory (EIS Table 4.5.2-1, page 4-27) and the radionuclide analyses conducted on
environmental samples from the Project, Site, Local and Regional Study areas.
If there was no cross-check, explain why this was not considered necessary. If there was a cross-check,
provide details of the results and the rationale for the list of radionuclides analysed in each of the
environmental media (air, surface water, sediment, fish, groundwater, soil, vegetation, and milk).
Context:
The available baseline information for radioactivity in the environment focuses on tritium, gross beta, and
carbon-14. There is also information on some other radionuclides (e.g. cesium-137, cesium-134, cobalt-60,
potassium-40, strontium-90) but analysis for these radionuclides has not been as frequent and has not been
conducted across all environmental media.
The EIS and TSD do not present any information on whether sampling plans for radioactivity in the
environment were reviewed in the context of the radionuclide inventory for the low level and intermediate level
waste (EIS Table 4.5.2-1, page 4-27).
Table 4.5.2-1 lists other radionuclides that will occur in large amounts and are relatively long-lived. “The
results for the assumed repository decommissioning date of 2062 indicate the total radioactivity will be
dominated by tritium (H-3), carbon-14, niobium-94 and nickel-63” (EIS, page 4-27).
The monitoring program for radioactivity in the environment appears to have been built upon what already
takes place for the Bruce A and B operations. While this is a logical starting point, cross-referencing between
the existing program’s list of analyses and the list of radionuclides in the waste inventory is required to
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increase the rigour of the baseline program and allow a more thorough examination of the program’s
defensibility, completeness, reliability and appropriateness.
OPG Response:
A cross-check between the estimated low level and intermediate level waste radionuclide inventory in the
Environmental Impact Statement (OPG 2011, Table 4.5.2-1, see p. 4-27) and the radionuclides analyses
conducted on environmental samples from the Project Site, Local and Regional Study areas is not considered
necessary. An extensive annual monitoring program is completed at the Bruce nuclear site, including
monitoring of gross beta and gamma.
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. A single report under the Radiological Environmental Monitoring Program (REMP) for
emissions from the Bruce nuclear site is prepared, which accounts for emissions from all the facilities on the
site. The routine measurements are listed in Table 1.
As stated in CSA N288.4-10 (CSA, 2010), it might not be practical or necessary to measure environmental
media for all nuclear/hazardous substances released. Clause 7.5.4 of the Standard indicates that “Where
several c ontaminants c ontribute to a dos e, me asurements us ed to es timate the dos e s hould i nclude
contaminants tha t ac count for at le ast 70% of th at do se. T he s et of measured c ontaminants m ay be fur ther
reduced if th e es timated dose is v ery s mall, for example l ess than 1 0% of the r elevant dose. D ose
contributions from other contaminants may be based on modelled concentrations”. The current environmental
measurements are consistent with this standard.
Note that in addition to specific radionuclides that are known to dominate the dose pathways, the routine
measurements include gross beta or gross beta-gamma activity, which check that other radionuclides are not
present in large amounts. Recent results from gross beta and gamma monitoring reported in BRUCE
POWER 2010 are summarized below:




The average external gamma dose in air at Bruce Power indicator sites was 50 µGy per hour, slightly
lower than the average of the provincial background sites of 58 µGy per hour.
The annual average gross beta levels in the local water treatment plants and the provincial
background levels are comparable. Over the last eight years the gross beta levels have remained
relatively constant and at essentially the same level as background.
The annual average gross beta concentration in water samples collected in the Site Study area was
similar to those at the provincial background locations.

Radionuclides predicted in the DGR inventory in the year 2062 are provided in Table 5-8 of the Preliminary
Safety Report. Based on the inventory at 2062, the DGR radioactivity would be dominated by H-3, C-14, Nb94 and Ni-63. Three of these (H-4, C-14, Ni-63) are pure beta emitters and Nb-94 is a strong gamma emitter
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and a weak beta emitter.

√
√
√
√
√

Cesium-137
Cesium-134
Cobalt-60
Potassium-40
Noble gas
Gross betagamma activity
Total gamma

√
√1

√
√
√
√

√

√

√
√
√
√
√

√
√
√
√
√

Milk

√

Soil

√

Sediments

Groundwater

√

Surface Water/
Drinking Water

√

Air

√

Agricultural
Products
(animals, grain
& vegetable)

Carbon -14

√

Fish

Iodine-131

√
√
√

Precipitation
and Dustfall

Tritium

Waterborne
Emissions

Table 1. Media and Radionuclides Analysed in Radiological Environmental Monitoring Program

Airborne
Emissions

IR#

√
√
√

√2
√3

Gross beta
√
√
Source: Bruce Power, 2010.
Notes: 1. Gamma emitters on particulate materials.
2. Includes ~35 potential contributing radionuclides.
3. Total external gamma dose.

H-3 and C-14 in environmental media are routinely tracked, as noted in Table 1. Several other DGR-relevant
radionuclides including I-129 and Cl-36 have also been measured in local or regional surface water or soils in
specific studies.
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Two key DGR radionuclides, Nb-94 and Ni-63, have not been formally measured in the environment.
Although separate measurement techniques are required to determine the amount of a specific radionuclide
present, they would contribute (if present) to the measured gross beta and total gamma dose. Since the
gross beta and total gamma levels around the Bruce nuclear site are similar to provincial background levels,
any Nb-94 and Ni-63 would be present at low levels.
Currently soil samples from the geotechnical boreholes and test pits drilled at the DGR project site in 2011
(Golder Associates 2012) are archived at the DGR project core storage facility. These soil samples would be
available if there was a future need to check for baseline radionuclides not presently measured.
References:
BRUCE POWER. 2010. Annual Summary & Assessment of Environmental Radiological Data for 2009. BREP-03419-00020 R000.
CSA. 2010. Environmental Monitoring Programs at Class I Nuclear Facilities and Uranium Mines and Mills,
CSA N288.4-10, May 2010.
Golder Associates. 2012. Golder Associates Ltd. OPG’s Deep Geologic Repository for Low and Intermediate
Level Waste, Soil Investigation for Proposed Surface Facilities. Report No. 1011170042-REP-G2030-0002.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300)

EIS-03-68

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide more detail concerning DGR geosphere rock mass characterization. Specifically,
a) Provide further explanation of variability in core strength behaviour between DGR-sampled rock cores
versus regional rock cores from the Cobourg Formation (Geology TSD, page 188-189) with focus on
variables such as sampling depth, mineralogy, sample preservation and/or quality of laboratory
testing. How are conclusions concerning structural performance to be drawn where variation in
geomechanical parameters may be due to differences in testing, procedures or other handling?
b) Provide further explanation or description of variability in core strength behaviour between DGR
sampling boreholes DGR-2 through DGR-6 (Geology TSD, page 188) relative to “induced damage
during drilling – as a result of sampling (unloading) from great depth, and local platen interference
and/or other boundary effects during laboratory testing.”
c) Validate the conclusion made in the NWMO Geosynthesis Report, Section 3.2.1.1, page 110, that
“the UCS values appear to be uniform across the Bruce nuclear site.”
Describe the spatial distribution of strength tests results and their spacing/location across the DGR
site at depth of the 67 total samples tests made that were recovered in the Cobourg Formation from
Page 61 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
five holes (DGR-2 through DGR-6) from which these strength results were determined.
d) Validate the conclusion on page 110 of the NWMO Geosynthesis Report, Section 3.2.1.1, that: “For
the overlying Collingwood member, the mean UCS based on testing of 5 samples is 107 MPa.”
Provide justification that a reasonable sample population size was obtained from which this
conclusion can be made.
e) The NWMO Geosynthesis Report, Section 3.2.1.1, page. 112-113, states that: “Eight laboratory
specimens from Boreholes DGR-2 to DGR-4 were tested to determine the Brazilian or indirect tensile
strength of the Cobourg Formation rock material.” Provide justification that this number of tests would
provide adequate tensile strength characterization.
f)

The NWMO Geosynthesis Report states in Section 3.2.1.1, page 113, that: “With the twelve
compression tests conducted on core samples retrieved from boreholes DGR-3 and DGR-4, the
triaxial compressive strength of the Cobourg Formation was determined. Combining these test results
with the aforementioned UCS data allows for determination of the strength parameters for the HoekBrown failure criterion …”
Provide a justification for the sample population size used to assess triaxial strength character of an
entire rock formation. Discuss the effect that spatial distribution of samples have on estimated
strength parameters.

g) Justify the test sample population used to infer shear strength properties of this same rock formation
as described in the NWMO Geosynthesis Report, Section 3.2.1.1, page 115.
h) Identify the sections of the Geosynthesis Report, or other documents, in which determination of
Poisson’s ratio parameters, as used for modelling of panel-scale stress and displacement conditions
described in Section 6.4.5, have been described and tabulated.
Define what units have been used to describe the Poisson’s ratio parameters shown In Figure 6.2.9-1
on page 6-53 of the EIS.
Context:
The geomechanical site characterization information presented in the EIS and Technical Support Documents
is not sufficient to assure that the analysis is defensible, complete, reliable, or scientifically credible.
a) The intact rock strength of the caprock (Queenston and Georgian Bay Formations) is based largely
on 14 and 11 sample strength tests from only 3 local boreholes (Geology TSD, page 186). These
tests are used to infer major mechanical characteristics such as UCS, Young’s Modulus and
Poisson’s ratio parameters used for geomechanical design and numerical modelling justification of
the support capabilities of the future repository. It is also stated that: “Regional UCS data of both rock
formations are also presented, and it is clear that both data sets lie within the same range.”
b) The range for Georgian Bay Formation data, in particular, is quite large relative to regional test data,
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and thus it is uncertain that close correlation between regional and local strength data is a valid
conclusion. The number of tests is small and subject to large spatial variation in values and no
description of sample dimensions and therefore compatibility of test results has been presented to
justify that strengths and other parameters are directly comparable between boreholes locally and
between local and regional boreholes.
c) The Geology TSD, page 188, states: “… the (DGR results) have a considerably higher average peak
strength value (Figure 5.9.2-1). This strength increase is likely attributed to different sampling depths,
mineralogical variation …, improved sample preservation methods, and/or the quality of the laboratory
testing.”
For the Cobourg limestone sample testing, a greater number (67) of borehole (local) sample
specimen tests were performed that permits better assessment of the formation strength and other
mechanical parameters, and also demonstrates that local strength character is higher than
demonstrated by regional sample tests.
d) The conclusion that the Cobourg Formation DGR sample strengths are greater than similar formation
regional sample strengths is opposite to that claimed for the Georgian Bay Formation above. The
Geology TSD, page 186, states: “both data sets lie within the same range” which would indicate that
strengths are similar.
The conclusion may relate to the smaller test population of samples for the higher elevation formation,
and the variable testing, depth-related and handling procedures mentioned. The disparity in
conclusions based on rock mechanical analyses of core specimens and the need to obtain additional
accurate, reproducible and more spatially extensive/representative data on rock parameters within the
repository site boundary zone has significant implications for repository design (stability, longevity,
size limits), and thus must be addressed further.
e) Under discussion of tensile strength of rock formations, the NWMO Geosynthesis Report, Section
3.2.1.1, page 112, states that: “Tensile failure is the primary cause of stress-induced spalling around
excavation openings and is also associated with roof instability in underground openings in
sedimentary rock masses .. thus .. is of prime importance for evaluating the potential overstressing
developed along … a room roof.” It is also stated that “Eight laboratory specimens from Boreholes
DGR-2 to DGR-4 were tested to determine the Brazilian or indirect tensile strength of the Cobourg.”
On page 114, it is stated that formation tensile strength, due to the presence of weaker bedding
partings, is substantially less or even negligible and that, in laboratory tests that evaluate the material
strength between the parting layers, Brazilian tests would most likely overestimate tensile strength by
30-40%.
f)

Under discussion of Triaxial Compressive Strength of rock formations, the NWMO Geosynthesis
Report states in Section 3.2.1.1, page 113, states that: “With the 12 compression tests conducted on
core samples retrieved from boreholes DGR-3 and DGR-4, the triaxial compressive strength of the
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Cobourg Formation was determined. Combining these test results with the aforementioned UCS data
allows for determination of the strength parameters for the Hoek-Brown failure criterion …”
The number of triaxial tests performed is quite low in order to be able to characterize the overall
strength behaviour of a large rock formation. Test data would show considerable variability if not
measured from core specimens obtained in very close proximity to one another. Failure locus
determination according to the Hoek-Brown criterion is appropriate if UCS and triaxial samples are all
closely spatially associated (i.e. - if UCS and triaxial test specimens are recovered from the same
length of drill core), as strength variation can be large over even small distances of core separation
g) In the NWMO Geosynthesis Report, under discussion of Shear Strength of Rock and Thin Shaley
Bedding Planes on page 115, it is stated that (for the Cobourg Formation): “Ten intact sample and
two samples with a detachment along the shaley bedding surfaces of the Cobourg Formation were
selected for testing.”
In Figure 3.8 (page 115), a total of sixteen (16) peak/intact strength assessments are plotted and
used to determine the direct shear strength failure locus. Why are these numbers of tests
contradictory?
h) In the NWMO Geosynthesis Report, Section 6.4.5, page 353, modelling of panel deformations at the
(global) panel scale through multiple glacial cycles is used to predict deformation of the rock mass
above the panels under various configurations (i.e.- large and small barrier pillars between panels
etc.). It is stated that “The horizontal in situ stress and Poisson’s ratio are two parameters that can
have significant effect on prediction of yielding and damage in the cap rock …”
Values for the Blue Mountain Formation are presented in Table 6.8 on page 353. The determination of the
Poisson’s ratio parameters is not explicitly mentioned nor described in any other section of the Geosynthesis
Report (notably Chapters 3 and 6) where detailed characterization data for strength testing and the like are
provided.
OPG Response:
Information related to the Geomechanical characterization of the DGR site is discussed within INTERA (2011;
sections 5 and 6) and NWMO 2011; Sections 3, 6 and 7. A detailed description of long-term Geomechanical
stability analyses and interpretation is provided by ITASCA (2011). These reports provide full details of the
data collection methods, testing, confidence, synthesize and numerical simulations performed to gain insight
into repository behaviour. The information contained in these reports provides the scientific basis of the
analyses performed and conclusions derived regarding long-term DGR geomechanical stability and design
features. Answers to the eight questions below draw on these key reports and others referenced within.
a) The regional database was based on samples retrieved from depths ranging less than 100 m from
ground surface. At these depths the samples would be subjected to weathering and stress relief. In
addition, the samples were collected mainly along the shoreline of Lake Ontario between Niagara
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Falls and Kingston, Ontario (NWMO and AECOM 2011, Figure 3.1). The testing of these regional
samples was performed by a number of laboratories with unknown testing procedures, sample
dimensions and sample preservation techniques. In part, these factors contribute to the discrepancy
between the DGR and regional test data.
For the purpose of DGR design and optimization site specific data are applied. These data were
obtained from samples obtained within an area covering approximate 30 hectares through the
sedimentary sequence to the repository horizon. All geomechanical laboratory strength testing was
completed by CANMET Mining and Mineral Science Laboratories, an ISO Certified laboratory,
following ASTM procedures. Rigorous quality control procedures and the state of the art testing
procedures for handling of the core samples from the DGR site were implemented to ensure minimal
sample disturbance and data variation. These are reflected in Figure 3.4 of (NWMO 2011), where the
DGR site specific uniaxial compressive strength (UCS) data for the Cobourg Formation lie at the
upper range of the regional data.
b) It is known that when samples are recovered from great depth they will be subjected to stress
relaxation. During DGR site characterization investigations, samples were preserved and sent to
storage as soon as core logging was completed. Also, to reduce such sample disturbance, testing on
the rock core samples was carried out as specified in geomechanical laboratory test plans.
With regard to the Georgian Bay Formation, the UCS arithmetic mean for 10 tests (discarding the
stronger carbonate layers) was 32 MPa with a standard deviation of 17.4 MPa (NWMO 2011, Table
3.14). Whereas, the regional data of 63 samples yielded a mean of 35 MPa (NWMO and AECOM
2011, Table 3.1). Figure 3.14(b) of the Geosynthesis Report (NWMO 2011) shows a histogram of
both the site specific and regional data of the rock formation. Both data sets appear consistent
although only the site-specific values were applied to the DGR design.
c) Strength testing of Cobourg Formation was completed on core samples recovered from all DGRseries boreholes. Review of the strength data shows that there is only minor variation in strength
properties between different DGR boreholes. Evidence supporting this conclusion includes:


Sixty-seven samples were tested with results ranging from 58 to 175 MPa. The UCS
arithmetic mean is 113 MPa with a standard of deviation of 25.6 MPa (NWMO 2011, Table
3.14).



Low to moderate variation in the strength of the Cobourg Formation between boreholes is
illustrated in the figure below and Figure 3.3(a) of the Geosynthesis Report (NWMO 2011).
The results plotted in these figures represent samples collected in DGR- series boreholes
DGR-2 to DGR-6, which were drilled as far as 1.3 km apart. As depicted, the range of UCS
test results is spatially consistent with the statistical results described above in bullet one.
This is a reflection of consistency and predictability of formation properties based on
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lithostratigraphic correlation.


The variability in the test results from samples retrieved from the same borehole, in several
cases only several centimeters apart, is comparable to the variability in test results between
boreholes more than a kilometer apart. The only discernible trend is a slightly weaker zone in
the bottom 8 m of the Cobourg Formation (see figure below).



Rock strength variability was incorporated into the DGR design by adopting a UCS design
value equal to the mean minus one standard deviation (i.e., 113 MPa to 90 MPa). In
predictions of short-term rock excavation response during construction and operation 90 MPa
was assumed. For long-term predictions a more conservative value equivalent to an average
Crack Initiation (CI) stress was selected to account for time dependent strength degradation
(i.e., 45 MPa) (NWMO 2011, p.336).

d) With respect to the Collingwood member (8 m thick), samples were purposely collected to gain an
understanding of the spatial UCS distribution. Test results are of high quality and are considered
sufficient for characterization (INTERA 2011, Section 5.11.2, p.386).
e) Similar to the samples of Collingwood member, the samples collected in the Cobourg Formation for
Brazilian testing were spatially well distributed along boreholes. Also, all test results, except from one
sample, showed failure in a consistent manner along the diametral plane (INTERA 2011, Figure
5.26). Therefore, the resulting strength parameters are of high quality and are sufficient to
characterize the tensile strength of the rock.
f)

With respect to the Collingwood member (8 m thick), samples were purposely collected to gain an
understanding of the spatial UCS distribution. Test results are of high quality and are considered
sufficient for characterization (INTERA 2011, Section 5.11.2, p.386).

g) Similar to the samples of Collingwood member, the samples collected in the Cobourg Formation for
Brazilian testing were spatially well distributed along boreholes. Also, all test results, except from one
sample, showed failure in a consistent manner along the diametral plane (INTERA 2011, Figure
5.26). Therefore, the resulting strength parameters are of high quality and are sufficient to
characterize the tensile strength of the rock.
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h) Figure 3.7 of the Geosynthesis Report (NWMO 2011) shows all tests in σ1- σ3 space, as well as the
Hoek-Brown envelope based on all test data from Boreholes DGR-2 to DGR-6. The figure illustrates
that results from the triaxial testing (12 tests) is consistent with increasing rock strength as
confinement stress increases. The representativeness of the 12 tests to characterize rock behaviour
is justified by:


i)

Triaxial test samples were selected from DGR-3 between the depths of 674 and 690 mBGS
and from DGR-4 between 663 and 682 mBGS. A majority of these samples were selected at
the same horizons within Cobourg Formation; and
The value of mi = 10.6 (~11) from a best fit of all the test data is well within the expected
range for limestones and also suggested by Hoek and Brown (1980).

In the DGR long-term stability analyses, Hoek-Brown Criterion was not used to model the Cobourg or
Sherman Fall formations. These two formations were simulated using a Voronoi block model
technique and brittle parameters based on a factored unconfined strength (i.e., CI stress). Numerical
calibration of the rock mechanical properties was carried out based on 5 Voronoi block samples
generated using different realizations of random block geometry and laboratory test results from core
samples retrieved from DGR boreholes (ITASCA 2011, Section 3.1.4, p.17). The Cobourg Formation
is characterized by shaley interbeds with nonplanar discontinuous nature. The following steps were
taken to determine the shear strength of these interbeds:




Sixteen intact and 2 mechanical broken (along shaley interbeds) samples were tested;
Shear strengths parallel to the shaley interbeds of intact samples were measured at various
contact pressures to determine the peak shear strength envelope of the intact rock; and
The residual shear strength envelope of the interbeds was established by shearing each
sample multiple times (after the first test on intact samples) for a range of contact pressures.

Figure 3.8 of the Geosynthesis Report (NWMO 2011) shows both shear strength envelopes for intact
and residual strength are well represented by the data.
j)

The determination of horizontal in-situ stress ratios and Poisson’s ratios used in the modelling of the
panel scale analysis is presented in Section 6.2.1 of the Long-Term Geomechanical Stability Analysis
Report (ITASCA 2011, p.84). The range of values selected is considered to represent the rock mass
conditions as observed from DGR boreholes. A sensitivity analysis assuming horizontal in-situ stress
ratios ranging from 0.8 and 1.2, and Poisson’s ratios of 0.2 and 0.3 was used to explore uncertainty
related to rock mass response under glacial loading.
The average Poisson’s ratio measured from the Blue Mountain shale samples was approximately 0.1.
This ratio is lower than what is normally reported for shale and for the rock above and below the
shale. If this low Poisson’s ratio was valid one would expect to see some evidence of shearing at the
contact of the shales and stiffer rocks, caused by loading and unloading of past glaciations. Careful
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inspection of the cores showed no evidence of shearing or damage at the contact or in the shale.
The Blue mountain experiences some reduction in core integrity due to unloading during sampling.
This in turn results in a lower apparent Poisson’s ratio, as well as a low modulus (sample damage).
The horizontal in-situ stress ratios selected for the Blue Mountain Formation were based on the
bounding values considering the uncertainties (ITASCA 2011, Section 6.2.1, p.84).
A full description of the derivation of geomechanical parameters is provided by INTERA (2011;
sections 5).
References:
Hoek, E. and E.T. Brown. 1980. Underground Excavation in Rock. Institution of Mining and Metallurgy.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report for the
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO and AECOM. 2011. Regional Geomechanics – Southern Ontario. Nuclear Waste Management
Organization and AECOM Canada Ltd. report NWMO DGR-TR-2011-13 R000. Toronto, Canada. (available
at www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-03-69

 Section 10.2;
Socio-economic
Conditions;
 Section 11.5.6;
Human Health

Information Request:
Explain which of the three human receptor location categories would best represent Métis communities and
present the reasons why.
Context:
Section 6.11.4-1of the EIS (page 6-271) states: “Potential human receptors were identified as people who live
in or use areas in the vicinity of the DGR Project. The following receptors were identified and are considered
to be present at the locations indicated on Figure 6.11.4-1 as follows: local residents (AR1, AR2, AR3);
members of the nearest Aboriginal communities (AR5, AR6); and seasonal users (AR2, AR4).”
The EIS describes Aboriginal communities as members of the SON. Members of the MNO and HSMC are not
mentioned on page 6-271. Explicit recognition of the Métis communities and how their locations and activities
are recognized within the Regional and Local Study Areas is required to evaluate the completeness of the
assessment.
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OPG Response:
In the EIS, Métis communities are described as distinct collectives with their own customs, way of life and
group identity and, who have interests in the Study Area.


In this context four Métis communities are identified, the closest of which is the Historic Saugeen
Métis, located at Southampton, ON

From a demographic perspective, Métis people generally do not reside in distinct geographic areas; rather
they reside within a local or regional municipality.


As such human receptor locations AR1 through AR5 best represent Métis people who are members
of the identified Métis communities and are local residents and/or seasonal users.

Historic Saugeen Métis (HSM) is an independent, historic Métis community located at Southampton, Ontario.
Receptor AR5, which is located at the limit of the air modelling domain, would best reflect the members of this
Métis community. Southampton is approximately 17 km beyond receptor AR5, hence actual exposures and
risks to members of the HSM community would be less than estimated at the receptor location evaluated in
the assessment.
The Métis Nation of Ontario (MNO) generally represents Métis members of the Great Lakes Community,
Georgian Bay Community and Moon River Community. Each of these communities is located at a greater
distance from the DGR Project than the HSM.
Members of the Métis community could also be permanent or seasonal residents near the Bruce nuclear site
(i.e., represented by receptors AR1 through AR5).
EIS-03-70

 Section 10.2;
Socio-economic
Conditions;
 Section 11.5:
Socioeconomic
Effects

Information Request:
For all socio-economic survey data involving public attitude research, provide an analysis of errors and
confidence levels. Provide the protocol, questionnaire, dates and responses for the Community Well-Being
Survey.
Context:
Public attitude research results are quoted throughout the EIS as percentages of respondents who have
provided a particular answer to a question. All such values are associated with a number of possible errors,
most notably Sampling Errors and Non-Response Errors. Therefore, the confidence in the data is central to
the evaluation of the defensibility and reliability of the assessment.
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OPG Response:
The Socio-economic Environment TSD (AECOM 2011, Section 5.1.1.1) summarizes the field studies
completed to support the description of the existing site conditions, including the Public Attitude Research,
and surveys.
Public Attitude Research conducted for the DGR Project included:
1. INTELLIPULSE. 2010. Deep Geologic Repository – Public Attitude Research. IntelliPulse Inc. report
for Ontario Power Generation.
2. INTELLIPULSE. 2003. Public Attitudes Towards Long-term Management of Low and Intermediate
Level Radioactive Wastes at the Western Waste Management Facility. IntelliPulse Inc. report for
Golder Associates in association with Garter Lee Limited.
2009 – DGR Project Public Attitude Research
Survey Implementation
A questionnaire was developed (INTELLIPULSE 2010, Section 7.5). It included 35 questions. To qualify for
an interview, respondents needed to be an adult resident age 18 years or older. The sample was split
between women and men.
The total study area was Bruce County excluding Northern and South Bruce Peninsula. Eight hundred and
nine interviews were conducted from November 4 to 14, 2009. Two primary geographic areas were defined
from sampling within the County and used for identifying respondents and analyzing results:




The amalgamated Municipality of Kincardine was the focus of the study, i.e., Local Study Area (LSA).
A total of 401 interviews were completed within the municipal boundaries. This sample size was
selected to obtain a strong degree of accuracy in the findings with a confidence interval of ± 5%, 19
out of 20 times.
The remainder of Bruce County, i.e., Neighbouring Municipalities or Regional Study Area (RSA)
excluding the Northern and South Bruce Peninsula, was the secondary focus. The sample size was
408 interviews, with the respondents selected in proportion to the population distribution for the five
municipalities within the RSA excluding Kincardine. The confidence interval for the Neighbouring
Municipalities was ± 5%, 19 out of 20 times.

The list of amalgamated communities, the actual number of interviews completed in each area, and the
confidence intervals based on the actual sample size are:
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Sample

Confidence Interval,
19 out of 20 times

Kincardine

408

±5.0

Neighbouring
Municipalities

401

±5.0

Saugeen Shores

115

±9.6

Arran-Elderslie

68

±12.6

Brockton

98

±10.4

South Bruce

65

±12.9

Huron-Kinloss

62

±12.3

Total

809

±3.5

Municipality

To address other potential errors, the survey employed the use of CATI programming. The CATI platform
integrates sample management, quota and call-back management, interviewing and real-time on-screen
monitoring. This minimizes the chance of sampling error through reducing human error in recording of
responses.
Survey Results
INTELLIPULSE (2010) reports the results of Public Attitude Survey as both number of respondents who
provided a particular response and percentage of responses for each response. The reporting includes the
number of “nothing/no concern”, “other” and “don’t know/refused” responses.
Typically fewer than ten percent of respondents provided a “don’t know/refused” response. Exceptions
included:





Community Attributes to Maintain or Enhance, where 13% of respondents in the RSA provided a
“don’t know/refused” response.
Greatest Threats to Community Well-being, where 13% of respondents in the RSA provided a “don’t
know/refused” response.
Community Issues that Affect Feelings of Personal Health of Sense of Personal Safety, where 17% of
respondents in the LSA and 23% of respondents in the RSA provided a “don’t know/refused”
response.
Ways to increase confidence in the safety of the DGR were 15% in the RSA provided a “don’t
know/refused” response.

These “don’t know/refused” responses are presented as a percentage of the total number of respondents per
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question. In all of the questions asked, “don’t know/refused” is a valid answer to questions of this nature and
are pertinent to the overall findings.
2003 – Public Attitudes Towards Long-term Management of Low and Intermediate Level Radioactive
Wastes at the Western Waste Management Facility
Survey Implementation
A questionnaire was developed (INTELLIPULSE 2003, Section 7.3). It included 55 questions. To qualify for
an interview, respondents needed to be an adult resident age 18 years or older. The sample was split
between women and men.
The study area was Bruce County, excluding the Northern and South Bruce Peninsula. A total of 751
interviews were completed from June 9 to 14, 2003. Two primary areas were defined for sampling within the
County and these two areas were used for identify respondents and analyzing results:



The amalgamated Municipality of Kincardine was the focus of the study. A total of 400 interviews
were completed within the municipal boundaries. This sample size was selected to obtain a strong
degree of accuracy in the findings with a confidence interval of ± 5%, 19 out of 20 times.
The remainder of Bruce County (Neighbouring Municipalities) excluding the Northern and South
Bruce Peninsula, was a secondary focus. The sample size was 351 interviews, with the respondents
selected in proportion to the population distribution for the five amalgamated municipalities. The
confidence interval for the Neighbouring Municipalities was ± 5.4%, 19 out of 20 times.

Survey Results
INTELLIPULSE (2003) reports the results of Public Attitude Survey as both number of respondent who
provided a particular response and percentage of responses for each response. Treatment of “don’t
know/refused”, “not sure”, “I need more information” or “no opinion” responses is reported for each question.
In the case of “no opinion”, these responses were excluded due to the nature of the question (for example, a
confidence rating scale); in the case of “don’t know/refused”, “not sure” or “I need more information”, the
number and percentage of these responses are tabulated.
These “don’t know/refused”, “not sure” and “I need more information” responses are presented as a
percentage of the total respondents. In all of the questions asked, “don’t know/refused”, “not sure” or “I need
more information”, is a valid answer to questions of this nature and are pertinent to the overall findings.
Quality Assurance
The procedures used for the Public Attitude Research are standard procedures used in public affairs and
sociological research. They conform to the Marketing Research and Intelligence Association (MRIA)
Standards. The survey was registered with MRIA.
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Community Well-Being
A separate community well-being survey was not completed. Rather the results of the Public Attitude
Research (INTELLIPULSE 2010), the Community Leader Survey and Stakeholder Interviews were reported in
the Socio-economic Environment TSD in a community well-being framework.
Supplementary Public Input
Other surveys completed as part of the field studies for the DGR Project include:
AECOM, 2009. Site Neighbour Survey for Deep Geologic Repository (DGR Project) at the Bruce Nuclear
Site.
The Protocol for the Site Neighbours’ Survey is provided in Appendix C, Attachment C-2 of AECOM (2011).
The Site Neighbours’ Survey was undertaken between November 2009 and January 2010. A total of eight
surveys were completed, representing a 57% response rate. The survey questions are included in Appendix
C, Attachment C-3 of AECOM (2011).
AECOM. 2009. Park User Survey – Compiled Data.
The survey Protocol is provided in the Socio-economic Environment TSD (AECOM 2011, Appendix C,
Section C3). The questionnaire used for the survey is provided in Appendix C, Attachment C-4.
The survey was conducted at Brucedale Conservation Area on September 26 and October 10, 2009, and at
Inverhuron and MacGregor Point Provincial Parks on September 4, 2009. A total of 121 surveys were
administered.
Stakeholder Interviews
The survey was conducted by AECOM staff from October 13, 2009 to November 23, 2009. A total of 130
people were contacted with 77 interviews completed. Stakeholder interview guides are provided in the SocioEconomic TSD (AECOM 2011, Appendix C, Attachment C-1).
Community Leader Survey
The community leader survey was conducted in October 2009. A total of 23 interviews were completed. The
questionnaire for the community leader survey, is described Section 5.1.1.1 of AECOM (2011), and is
included in Appendix C, Attachment C-5.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
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299)
INTELLIPULSE. 2003. Public Attitudes Towards Long-term Management of Low and Intermediate Level
Radioactive Wastes at the Western Waste Management Facility. IntelliPulse Inc. report for Golder Associates
in association with Garter Lee Limited.
INTELLIPULSE. 2010. Deep Geologic Repository – Public Attitude Research. IntelliPulse Inc. report for
Ontario Power Generation.

EIS-03-71

 Section 10.2;
Socio-economic
Conditions;

Information Request:
Provide the public attitude research questionnaire and the r esults of that questionnaire. Justify and reference
the questionnaire methodology.
Explain the percentage (45%) of “don’t know/refused” responses to questions regarding personal health or the
sense of personal safety reported in the EIS Table 6.10.8-2, page 6-265 and Table 5.9.1-2 of the TSD, page
137.
Context:
Evaluation of the reliability and defensibility of the assessment of effects on feelings of personal health and
safety will be aided by the provision of the detailed methodology as well as an explanation for the relatively
high percentage of “don’t know/refused” responses for this component of the Public Attitude Research (PAR).
OPG Response:
Public Attitude Research Questionnaire
The Public Attitude Research (PAR) report (INTELLIPULSE 2010a) that supports the socio-economic
assessment, which includes the survey instrument (i.e., the questionnaire), is enclosed. The PAR was
conducted using sampling methodologies and analysis that have been used for several socio-economic
assessments in support of accepted environmental assessments for nuclear projects at the Bruce nuclear
site, Pickering, Darlington and most recently for the Darlington New Nuclear Project. These PAR studies
were conducted by Intellipulse Inc. and AECOM. Such PAR studies are considered standard practice for
gaining qualitative and quantitative sociological data. These PAR studies have undergone extensive public
and regulatory (e.g., Canadian Nuclear Safety Commission) scrutiny, including numerous peer reviews.
In designing the questionnaire, Intellipulse Inc. took into account the overall objective of identifying the
potential for future effects of the Deep Geologic Repository (DGR) Project on people and their communities,
with respect to the potential social, human, physical and financial assets that may be affected by the DGR.
More specifically, the questionnaire (see Section 7.5 of the PAR report) was designed to investigate the
following:
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Major community issues, the greatest threat to community well-being, people’s feelings of personal
health and safety, and contributors to those feelings.
The degree to which the development of a DGR might have an effect on people’s daily life, the
attitudes of residents towards their community, and their behavioural intentions (as defined by specific
activities that might be conducted near the Bruce nuclear site). To assess the potential for effects the
questionnaire asked two-part questions on attitudes and behaviours: 1) whether they think the DGR
Project will change their activity/behaviour; and 2) if they responded in the affirmative, they were
asked to indicate to what extent the Project will affect their activity/behaviour.

A technical summary of the PAR study is provided in Section 7 of the PAR report (INTELLIPULSE 2010a).
Intellipulse Inc. administered the questionnaire by telephone, from November 4 to 14, 2009. Within the Local
Study Area (LSA), 401 interviews were completed and within the Regional Study Area (RSA), 408 interviews
were completed. The sample size for the survey was designed to have a strong degree of accuracy in the
findings with a confidence interval of ±5%, 19 out of 20 times within the LSA and the RSA.
The procedures used for the Public Attitude Research are standard procedures used in public affairs and
sociological research. They conform to the Marketing Research and Intelligence Association (MRIA)
Standards. The survey was registered with MRIA.
Assessment of Effects on Feelings of Personal Health and Safety
OPG has reviewed Table 6.10.8-2 (p.6-265) of the Environmental Impact Statement (EIS) and Table 5.9.1-2
(p.137) of the Socio-economic Environment Technical Support Document (TSD) referenced in this Information
Request.
Table 6.10.8-2 of the Environmental Impact Statement (EIS) makes reference to 45% of the RSA respondents
providing ‘other’ responses that could not reasonably be coded under one of the asset categories or issues.
This 45% included 17% that said there were no issues that “Affect Feelings of Personal Health or Sense of
Personal Safety” or responded that they “feel safe”. Approximately 5% raised other issues that could not be
reasonably coded under one of the asset categories, and 23% said that they did not know or refused to
answer the question.
OPG has also reviewed the percentage of only the “don’t know/refused” responses to questions regarding
personal health or the sense of personal safety reported in the EIS Table 6.10.8-2 (p.6-265), and Table 5.9.12 (p.137) of the Socio-economic Environment TSD, to which the Information Request references. However, in
the LSA, only, 17% of respondents (70/401) and 23% of RSA respondents (92/408) stated “don’t
know/refused” when asked about community issues that affect feelings of personal health or sense of safety.
Adding these percentages for two response groups (yielding a result of 40%) is not an accurate
representation of the percentage of total respondents who stated “don’t know/refused”. Rather, the total
number of respondents could be looked at as a whole if combining results from the RSA and LSA. Therefore,
162 of 809 (20%) of respondents stated “don’t know/refused”.
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These figures (17% LSA, 23% RSA) indicate the proportion of residents that are truly “not sure” about what
issues in the community most affect their feelings of personal health or safety or refused to answer the
question. The magnitude of these responses is consistent with that of similar responses to similar questions
posed in the PAR research conducted for the Darlington New Nuclear Project in December 2010
(INTELLIPULSE 2010b). Therefore, the survey responses are not considered anomalous.
In addition, LSA and RSA residents near the Darlington Nuclear site were asked to describe positive and
negative influences on their feelings of personal health and positive and negative influences on their feelings
of personal safety. The results are summarized as follows:





24% of LSA and 13% of RSA residents stated “don’t know” regarding positive influences on people’s
feelings of personal health;
19% of LSA and 18% of RSA residents stated “don’t know” regarding negative influences on people’s
feelings of personal health;
13% of LSA and 10% of RSA residents stated “don’t know” regarding positive influences on people’s
feelings of personal safety; and
11% of LSA and 10% of RSA residents stated “don’t know” regarding negative influences on people’s
feelings of personal safety.

With respect to the assessment of effects of the DGR on feelings of personal health and safety, while 17% of
LSA and 23% of RSA residents stated “don’t know/refused” regarding issues that most affect feelings of
personal health or safety, a substantially smaller proportion (5% of LSA, 8% of RSA) stated that they were not
sure if the DGR would affect their feelings of personal health or safety.
This indicates that while a larger proportion of residents in the LSA and RSA were not sure about what affects
their feelings of personal health or safety, a smaller proportion is uncertain if the DGR will affect those
feelings. These data are strong indicators of the certainty that respondents hold with respect to the effects of
the DGR on their feelings of personal health and sense of personal safety.
References:
INTELLIPULSE. 2010a. Ontario Power Generation Deep Geologic Repository – Public Attitude Research.
IntelliPulse Inc. report prepared for AECOM Canada. (enclosed)
INTELLIPULSE. 2010b. New Nuclear at Darlington Project: Public Attitude Research #3 – Report.
EIS-03-72

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide information on the inclinations of the test bore holes and substantiation for the conclusion, on page
190 of the Geology TSD, that: “the Cobourg Formation … has few inclined to vertical joints …”
Context:
This conclusion, relating to the overall integrity of the Cobourg Formation and existence of potential release
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pathways (fractures) to higher formations or the surface, has been based on limited borehole observation (two
boreholes) and the potentially misleading assumption that the two inclined boreholes could/would intersect all
possible existing inclined/vertical joints within the DGR site zone at depth.
If the borehole inclination is parallel or near parallel to existing fractures, the possibility is high that no
intersection would occur and that such fractures would not be observed.
OPG Response:
Evidence gathered during site-specific sub-surface investigations at the Bruce nuclear site that reflect the
overall integrity of the Cobourg Formation and, in particular, transmissive vertical/sub-vertical fracturing that
could influence performance of Deep Geologic Repository (DGR) includes:


No vertical or sub-vertical fracture were observed in the core from DGR-series (vertical) boreholes
o
o
DGR-2, DGR-3 and DGR-4, DGR-5 (plunge ≈78 ) and DGR-6 (plunge ≈57 ) (NWMO 2011, Section
3.2.1.2). All reported fractures were associated with near-horizontal bedding planes.



Inclined boreholes DGR-5 and DGR-6 were purposely drilled at orthogonal bearings to: i) validate
possible vertical structure revealed by the 2-dimensional seismic reflection survey; and ii) better
assure characterization of vertical geologic structure and fracturing. With respect to the Cobourg the
horizontal distances traversed by DGR-5 and DGR-6 are 7.0 and 19.1 m, respectively. Given these
observations vertical/sub-vertical fracture spacing in the Cobourg Formation is assumed to be in
excess of 10 m.



The low rock mass hydraulic conductivities (10 m/s) measured within the Cobourg Formation is
inconsistent with the occurrence of fractures that would contribute to potential transmissive release
pathways (INTERA 2011, Sections 4.13.6 and 4.16.7). The low rock mass hydraulic conductivities
are consistent with the preservation of the anomalous porewater under-pressures and site-specific
analogue evidence from the interpretation of vertical environment tracer distributions of a stable
diffuse dominant transport regime (NWMO 2011, Section 4.5.1.1).



Evidence provided regarding the integrity of the overlying shale cap rock (Engelder 2011, Section 5)
provides information regarding hydrocarbon reservoirs and sealing that reflect the long-term barrier
integrity of the Ordovician shale cap rocks directly overlying the Cobourg Formation. This information
provides additional assurance that transmissive vertical fracturing within the Ordovician is unlikely to
provide potential release pathways to higher formations or the surface.

-14

The information above addresses the issue of transmissive sub-vertical/vertical fractures within the Ordovician
sediments and their contribution to flow system evolution at varying time and space scales. The coincidence
in interpretation with respect to transmissive fracture occurrence, dominant mass transport processes and
barrier integrity over periods of geologic time indicates that undetected vertical discontinuities potentially
influencing DGR performance are unlikely to exist.
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References:
Engelder, T. 2011. Analogue Study of Shale Cap Rock Barrier Integrity. Nuclear Waste Management
Organization report NWMO DGR-TR-2011-23 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAARegistry Doc# 300)

EIS-03-73

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide justification for the conclusion, on page. 3-27 and 3-28, Section 3.4.3.1 of the EIS, that limestone
durability within the Cobourg Formation, relative to that of the shale horizon above, would provide “improved
constructability because of greater geomechanical stability” and “… during operations, including roof, floor,
shaft sump and rock loading pocket stability” and “(better) long term safety, including potential for progressive
failure”
Context:
Section 3.4.3.1 of the EIS, on page 3-28 states:
“The specific depth within the Cobourg limestone formation was determined taking into account:



geomechanical stability during operations, including roof, floor, shaft sump and rock loading pocket
stability
long-term safety, including potential for progressive failure…”

No justification beyond construction experience elsewhere in Ontario has been provided.
OPG Response:
The Cobourg Formation was selected to host the Deep Geologic Repository, in part, for its ability to passively
contain and isolate the low and intermediate level radioactive waste. The primary reasons included:


The Cobourg Formation is a 27 m thick argillaceous (clay rich) limestone with a mean uniaxial
compressive strength (UCS) of 113 MPa (NWMO 2011, Section 3.2.1.1; INTERA 2011, Sections
5.8.1.1 and 5.11.2). By comparison the Ordovician shales have a lower rock strength (Queenston
and Georgian Bay formations mean UCS of 48 and 32 MPa, respectively (NWMO 2011, Table
3.14)).



Underground structures excavated in southern Ontario shales could be subject to loading caused by
time-dependent swelling deformation. Horizontal swelling potential within Ordovician shales could be
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as high as 0.3% per log cycle (INTERA 2011, Table 5.10). The Cobourg Formation is not subject to
time dependent swelling behaviour.


Shale formations are more susceptible to weathering and have less resistant to slake degradation as
compare to limestones. The Ordovician shales have a Slake Durability Index (SDI) ranging between
75 and 90% (INTERA 2011, Section 5.7.1.6, p.357) compared to the Cobourg limestone with a SDI of
100% (INTERA 2011, Section 5.8.1.6, p.369). Construction of the DGR in the Cobourg Formation will
not be subject to degradation of excavated surfaces.



The Queenston and Georgian Bay formations contain thin shale beddings and interbedded shales
and carbonates, respectively. Underground openings constructed in these formations are more
susceptible to roof delamination compared to those in Cobourg Formation where shale and carbonate
beds are undulatory (discontinuous and non-planar) due to alteration by bioturbation processes.



The estimated in-situ stress state, in part, based on the observation of no borehole breakouts
observed in all deep vertical and inclined DGR boreholes conforms with regional estimates and
allows an upper bound on the maximum horizontal stress. This provides confidence in estimates of
rock mass response during construction, operational and closure periods (NWMO 2011, Sections
6.4.6 and 6.5).



The low hydraulic conductivity (10 m/s) of the Cobourg Formation coupled with the aforementioned
rock material strength indicates that it would provide both a virtually dry and stable underground
environment for construction and operations (NWMO 2011, Sections 6.4.6 and 6.5).



The long-term geomechanical stability analyses that considered time dependent rock mass strength
degradation under a variety of combined loading scenarios (i.e., glaciations, seismicity, repository
gas pressures) illustrate that the Cobourg Formation and the overlying confining Ordovician shale
cap rock provide effective barriers to contaminant transport at time frames relevant to repository
safety (NWMO 2011, Section 6.4). Design optimization (selection of specific depth) to improve longterm DGR performance (minimize progressive failure) includes stipulation of: i) a minimum roof cover
in the Cobourg Formation (lower member); ii) a 40 m rock pillar between DGR emplacement room
panels; and iii) a minimum floor cover of 9 m above the Sherman Fall Formation contact to improve
pillar longevity and emplacement room stability (NWMO 2011, Sections 6.4.4.7 and 6.4.5).



Mass transport within the Ordovician sediments is dominated by diffusion over geologic time periods.
Within this stable hydrogeologic setting, the thick Ordovician sediments provide the best achievable
barrier to contaminant migration unaffected by external perturbation (NWMO 2011, Sections 4.6 and
5.5). The thickness of this passive, low permeability, diffusion dominated barrier is maximized with
the repository positioned in the Cobourg Formation.

-14

References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
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Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc # 300)

EIS-03-74

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide data on the time-period over which the formational pressure measurements were obtained and how
representative they are of undisturbed conditions.
Context:
In low permeability strata the long equilibration times for the collection of meaningful pressure measurements
can only come from monitoring over a long-term basis. Pressure measurements made outside this context
cannot be shown to be representative of undisturbed conditions within the formation.
OPG Response:
A description of the methods used to obtain or estimate formation pressures throughout the sedimentary
sequence beneath the Bruce nuclear site, and time-series formation pressure measurements in the Westbay
installations (DGR-series boreholes DGR-1, DGR-2, DGR-3 and DGR-4) are provided in Section 4.12 of
INTERA (2011). A description of confidence in the observed formation pressures is provided in Section
4.16.8 of INTERA (2011).
The confidence in formation pressures is related, in part, to the formation rock mass hydraulic conductivity.
-10
Formations that are associated with relatively high hydraulic conductivities (≥10 m/s) will respond relatively
quickly and confidence is high that measured results reflect in-situ conditions. In situations where monitoring
-11
intervals intersect low hydraulic conductivity sediments (≤10 ) formation response times to equilibrium will be
extended. As discussed in Sections 4.12.2.8 and 4.16.8 of INTERA (2011), the estimated times for formation
pressures to reach equilibrium in the low hydraulic conductivity Ordovician sediments may be on the order of
5 to 10 years. Although such timeframes exceed that observed and may imply low confidence, given the
under-pressure magnitude (200 m) and trend (decreasing) there is high confidence that the under-pressures
exist and represent evidence or a signature of past hydrogeologic perturbation only preserved by low
formation scale hydraulic conductivities (NWMO 2011, Section 5.5).
Routine quarterly monitoring of formation pressures within the DGR- and US-series Westbay installations is
continuing through 2012 as part of an environmental baseline monitoring program.
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INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report for the Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-03-75

 Section 10.1.1,
Geology and
Geomorphology

Information Request:
Provide any available information on the depth to focus for earthquakes in the Bruce Region.
Context:
The EIS provides information on the spatial distribution and magnitude of earthquakes recorded within the
Bruce Region. Ground motion due to seismic events depends strongly on the depth to the focus.
OPG Response:
Seismic activity and event magnitudes are characteristically low in the Bruce region, a situation that leads to
difficulty in accurate determination of earthquake focal depths (Hayek et al. 2011, Section 3.3). Since 1952
30 seismic events with magnitudes greater than 1 have been observed within a 150 km radius of the Bruce
nuclear site. The largest event reported by the Canadian Hazard Information Service was a M4.3 earthquake
with an estimated focal depth of approximately 11 km, 15 km north of Meaford, Ontario (99 km from the Bruce
nuclear site) (Dineva et al. 2004; Hayek et al. 2011, Section 3.3). Based on Ma and Atkinson (2006), for 76
events in eastern Ontario and western Quebec with confidently known focal depths, the average depth was 7
km (NWMO 2011, Section 6.2.2.1). The depth distribution of these events was:





38% of the events occurred at depth less than 5 km;
43% occurred in the depth range from 5 to 10 km;
16% were at depths of 10 to 15 km; and
2% were at depths of 15 to 20 km.

The observed lack of appreciable concentrations of seismic and micro-seismic (since 2007) activity in the
Bruce region indicates the likely absence of seismogenic features and/or active faults (INTERA 2011, Section
5.3). All evidence from the seismic monitoring to date indicates that seismic activity is occurring at depths
within Precambrian basement underlying the Paleozoic sediments (Hayek et al. 2011, Section 3.3). Further
evidence from neotectonic studies conducted within 50 km of the Bruce nuclear site indicates that beyond the
observed seismic record during the Holocene this area has been tectonically stable and subject to low levels
of seismic activity (Slattery 2011).
References:
Dineva, S., D. Eaton and R. Mereu. 2004. Seismicity of the Southern Great Lakes: Revised Earthquake
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Hypocenters and Possible Tectonic Controls. Bulletin of the Seismological Society of America 94, 1902-1918.
Hayek, S.J., J.A. Drysdale, J. Adams, V. Peci, S. Halchuk and P. Street. 2011. Seismic Monitoring Near the
DGR - Annual Report 2010. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-44.
Toronto, Canada.
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
Ma, S. and G. Atkinson. 2006. Focal Depth Distribution for Earthquakes with MN ≥ 2.8 in Western Quebec,
Southern Ontario and Northern New York. Bulletin of the Seismological Society of America 96, 609-623.
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization Report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
Slattery, S. 2011. Neotectonic Features and Landforms Assessment. Nuclear Waste Management
Organization Report NWMO DGR-TR2011-19 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)

EIS-03-76

 Section 10.2;
Socio-economic
Conditions;

Information Request:
Provide tabular information showing the number of households residing within 1 km distance intervals from
the project site to the Local Study Area boundary.
Include permanent and seasonal residents
Context:
The effect of many vectors (dust, noise, traffic etc.) on the general population depends largely on the distance
from the project site. A compilation of the number of households found within defined distance intervals from
the project site is required to evaluate this parameter.
OPG Response:
The consideration of the population found within defined distance intervals from the project site in the
Environmental Impact Statement is as presented in the Provincial Nuclear Emergency Response Plan
(PNERP) Implementing Plan for Bruce Power. Information in the exact format requested is not currently
available. While this plan prescribes the measures that would be undertaken to deal with a nuclear
emergency caused by an accident/event at the Bruce Power Site (Ministry of Community Safety and
Correctional Services 2009), it also provides population information useful in the consideration of other
vectors such as dust and noise.
The area around the boundary of a nuclear installation for which a nuclear emergency response plan is made
is divided into the following zones:
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Contiguous zone,
Primary zone, and
Secondary zone.

Contiguous Zone
The Contiguous Zone is the area immediately surrounding the nuclear installation out to an approximate
radius of 3 km. The Contiguous Zone of the PNERP Implementing Plan for Bruce Power is shown as
Response Sector 1 in the figure below and includes an area adjacent to the Bruce Power Site boundary from
Concession 8 to Inverhuron Provincial Park and extending east to Lake Range Road, the bluff and
Concession 2.

Primary Zone
The Primary Zone, which includes the Contiguous Zone, is the area around the nuclear installation within
which detailed planning and preparedness is carried out for measures against exposure to a radioactive
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emission. The approximate radius is 10 km. The Primary Zone for Bruce Power is shown in the above figure.
It includes the area within the Municipality of Kincardine bounded generally by County Road 11 and
Concession 14 to the north, 10 Sideroad to the east, and Concession 7 to the south, but excluding the Bruce
Power Site. The Primary Zone extends westward into Lake Huron to a radius of 10 km.
The Primary Zone is divided into a number of Response Sectors, also shown on the figure. Populations in
each Response Sector are provided in the following table.
Sector

Population*

1 (Contiguous Zone)

153

2

197

3

1,779

4

515

5

467

6

900

Notes:
* Population: The estimated maximum population for each sector (July 31, 2006)
is given. In some cases this would include day workers/visitors from outside
the sector. Population increase projected per year is approximately 3%.
Source: Ministry of Community Safety and Correctional Services, 2009.

Secondary Zone
The Secondary Zone is the area within which it is necessary to plan and prepare for taking Ingestion Control
Measures, based on the monitoring of the food chain for contamination.
The Secondary Zone encompasses all areas of the Counties of Bruce, Grey and Huron within a 50 km radius
of the Bruce Power Site. The Secondary Zone is shown in the above figure and includes both the Contiguous
and Primary Zones.
Note that the Local Study Area for which population data is provided in this response corresponds to the
generic Local Study Area (which includes the Primary Zone for emergency response planning purposes) and
does not correspond to the expanded Local Study Area defined for the Socio-economic Environment TSD.
As part of the socio-economic assessment, local residents and site neighbours were provided an opportunity
to undertake a ‘self-assessment’ of the potential effects of the DGR Project on their use and enjoyment of
property and/or business activity. This Site Neighbour Survey looked at the area immediately adjacent to the
Bruce nuclear site, and identified a total of 14 residential or business locations in the survey area.
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References:
Ministry of Community Safety and Correctional Services, Emergency Management Ontario. 2009. Provincial
Nuclear Emergency Response Plan, Implementing Plan for Bruce Power.

EIS-03-77

 Section 10.2;
Socio-economic
Conditions;

Information Request:
Provide the rationale of restricting the Site Neighbor Survey to spatial boundaries different from those used in
the EIS for the other Local Study Areas and Regional Study Areas.
Context:
In the EIS, the immediate neighbourhood to the project site is defined by the Local Study Area that extends
roughly 10 km from the project site. The protocol of the Site Neighbour Survey confines the survey to adjacent
properties and their next neighbour. As a result, the survey has a total of 8 respondents.
OPG Response:
The focus of the Site Neighbour Survey (AECOM 2011, Appendix C, Attachment C-3) was to examine issues
of localized nuisance effects of noise, dust, traffic and visual impacts of the DGR Project on people’s use and
enjoyment of property. OPG notes that there are few site neighbours given the rural setting of the Bruce
nuclear site.
These effects (i.e., nuisance effects and their indirect effects on use and enjoyment of property) were
considered to be most relevant to neighbouring properties closest to the Bruce nuclear site (i.e., those
adjacent to the Bruce nuclear site and those properties in the next row). Where necessary, the survey area
was extended to encompass the four closest noise, human health and nuisance receptors identified for the
purposes of the EA. Therefore, the study area for the Site Neighbour Survey included the area within which
measureable nuisance effects might be expected to occur. To be conservative, it was extended one row of
properties further from the Bruce nuclear site. To understand these effects on people’s use and enjoyment of
property, the Site Neighbour Survey included the following questions.
(32) Considering how you use and enjoy your property today, do you anticipate that your use and/or
enjoyment of your property will change as a result of the DGR Project?
(33) If yes, in what ways do you anticipate that DGR construction and operational activities might affect
your use and/or enjoyment of property?
(34) Do you anticipate that you will do anything differently on your property because of the DGR Project?
In order to understand if these effects would be felt on a wider geographic basis, the Public Attitude Research
(PAR) survey asked Local Study Area and Regional Study area residents if the DGR Project would affect use
and enjoyment of their private property (INTELLIPULSE 2010). Therefore, while these nuisance effects were
most likely to be experienced by those properties within the Site Neighbour Survey boundaries, Local Study
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Area and Regional Study Area residents were also asked to comment on these potential effects in the PAR
survey, perhaps giving consideration to a broader range of sources.
In summary, the study area for the Site Neighbour Survey is in fact a sub-set of the Local Study Area, focused
on the geographic area where noticeable effects on people’s use and enjoyment of property were expected.
It allowed the team to get more detailed information not possible from the PAR.
References:
AECOM. 2011. Socio-economic Environment Technical Support Document. AECOM report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-08 R000. Toronto, Canada. (CEAA Registry Doc#
299).
INTELLIPULSE. 2010. Ontario Power Generation, Deep Geologic Repository – Public Attitude Research
(2009; Revised 2010). IntelliPulse Inc. report for Ontario Power Generation.

EIS-03-78

 Section 10.1.2,
Surface Water
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide information on the details of the drinking water sampling program conducted by Bruce Power,
including the rationale for:
 the three water supply plants sampled in the Regional Study Area;
 not including other drinking water supplies that may not undergo as much or any treatment;
 the radionuclides measured in each sample;
 and the supporting information collected for each sample.
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses).
Provide an explanation for why there are no sampling locations for drinking water on Aboriginal lands. Note
EIS 03-45 where a justification for Regional Study Area boundaries is required.
Provide an explanation for why there does not appear to have been any measurement of radionuclides in
water samples taken for the Hydrology and Surface Water Quality program in the Site Study Area.
Provide a description of the level of confidence in the radionuclide baseline for surface waters in the Project,
Site, Local and Regional Study Areas.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for drinking water.
Therefore, a greater understanding for the basis of the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
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Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
Sampling of surface water from North and South Railway Ditches, Stream C and MacPherson Bay took place
in 2007 and 2009 (Appendix E, Hydrology and Surface Water Quality TSD). It No radionuclide analyses were
provided from these samples.
Section 6.6.6.2 of the EIS and Section 5.6.2 of the Radiation and Radioactivity TSD describe existing data for
“other radionuclides” (i.e. radionuclides other than tritium and carbon-14 plus gross beta measurements).
Sampling for “other radionuclides” appears to have ceased in 2000 due to cesium-137 and cesium-134 being
consistently less than method detection limits (MDL) (EIS, page 6-147).
There is no information provided regarding the total list of radionuclides analysed, nor is there any information
on the location of water samples, the sampling method, and the precision and accuracy built into the sampling
design. The only other sampling for “other radionuclides” appears to have been samples taken from the South
Railway Ditch, North Railway Ditch and Little Sauble River (year is unknown). All results were less than MDL
except for carbon-14 (EIS, page 6-147). Again, there are no details provided regarding the sampling design or
data quality objectives. Provision of additional information on the past surface water sampling designs as well
as an evaluation of the confidence in these data to suffice as a baseline is required to evaluate the
completeness, reliability and defensibility of the assessment.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report is prepared under
the Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear
site. Ontario Power Generation (OPG) operates a background radiological monitoring program and provides
this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits
the report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report (BRUCE POWER 2010).
Efforts are underway to obtain supporting information to fully respond to the Information Request. Additional
information will be provided when available.
As discussed in OPG’s response to IR EIS-03-45, the Regional Study Area (RSA) for Radiation and
Radiological Environment (AMEC 2011) is the generic RSA. It includes the monitoring locations for the annual
Radiological Environmental Monitoring Program (REMP) conducted for the Bruce nuclear site. Doses to
members of the public in the vicinity of the Bruce nuclear site are calculated based on the results of the
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REMP. As shown in Table 5.10-4 of the Radiation and Radioactivity TSD (AMEC 2011), estimated doses are
considerably less than 1% of the regulatory limit. Doses to any distinct group such as Aboriginal communities
or member of the public would be lower at greater distances from the Bruce nuclear site.
Métis community members reside within the larger municipal population and are assumed to use the same
municipal water supply as other municipal residents.
Section 2.3.5 of BRUCE POWER 2010 specifies that drinking water samples are collected from two water
supply plants in the vicinity of the Bruce nuclear site. The Port Elgin water supply plant discontinued its
operation in November 2008 (OPG 2011, Section 6.6.6.1).



Southampton Water Supply Plant located approximately 22 km northeast provides water to Port Elgin,
Southampton and the nearest First Nation community to the Bruce nuclear site.
Kincardine Water Supply Plant, located approximately 15 km southwest provides water to Tiverton and
Kincardine

The water supply plants are sampled twice daily. Weekly composite samples are analysed for tritium by liquid
scintillation counting and monthly composite samples are analysed for gross beta by proportional counting.
Drinking water samples are also collected from thirteen deep and seven shallow wells, as well as streams
within the Local Study Area. Sampling locations are shown in the Figure provided in the response to IR-EIS03-81.

Results of Drinking Water Monitoring 2009 (BRUCE POWER 2010, Table 2.3.5)
Water Source
Kincardine Water Supply Plant
Southampton Water Supply Plant
Deep Wells
BDF11
BF1
BF14
BM12
BM13
BM2
BM3
BM6
BM9
BR1
BR25
BR37
BR8

Tritium (Bq/L)

Gross Beta (Bq/L)

6.1***
8.8***

0.07***
0.07***

Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
Ld
22.8*
Ld
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Shallow Wells
BR2
BR3
BR4
BR32
BR41
BR42
BF6
Lakes and Streams
BC1
BC2
BC3
BC4
BM10
BM4
BM14**
BR2

93.1
79.2
94.4
18.3
31.0
39.6
28.1

0.04

40.3
152.5
40.3
85.0
5.5
116.0
12.5
42.7

0.16
0.16
0.18
0.14
0.06
0.09
Ld
0.07

0.71

NOTES:
*
BR37 does not exhibit characteristics similar to Deep Wells and appears to be under the influence of the lake
**
BM14 process condensate water originating from Lake Huron
*** For calculations of local averages where numerical values were less than detection, 100% of the detection value
was used
Ld Less than detection
Monitoring for gross beta at all deep wells has been discontinued as any small contribution by releases from the
stations are expected to be negligible compared to natural background levels.

Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The QA program
applies to all analytical and sampling activities that affect the quality of the groundwater results obtained.
Section 4.0 of the 2009 Annual REMP Report (BRUCE POWER 2010) provides detailed information on the
data quality objectives of the sampling program, and confirms that the established objectives have been met.
The field sampling program is designed to collect representative samples from the selected pathways in the
near vicinity of the Bruce Power site as well as background locations. Sample availability, the number of valid
sample analysis divided by the number of planned samples if the performance measure used to evaluate the
sampling program.
Availability of samples for the drinking water sampling program is provided below.
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2009 Sample Availability Data
(BRUCE POWER 2010, Table 4.2)
Sample Type
Water Supply Plants

Resident Well & Lake
Water *

Local Streams *

Collection
Frequency

Planned

Weekly Composite
(3H)
Monthly Composite
(GB)
Bi-Monthly ( H, GB)
3

Semi-Annually ( H,
GB, GS)
3

Bi-Monthly ( H)
3

Semi-Annually (GB)
Site Ground Water
NOTES:

Semi-Annually ( H)
3

192
48
96
38
24
8
52

Actual
192
48

Availability
100%
100%

84

88%

37

97%

23

96%

8

100%

52

100%

*

Samples may have been unavailable because of seasonal conditions (e.g., freezing of water samples and seasonal
residences that are closed for certain months of the year).
GB Gross Beta
GS Gamma Scan

The Bruce Power Health Physics Laboratory operates a technical quality assurance program in accordance
with the CNSC regulatory standard S-106 (CNSC 2006) and ISO/IEC 17025:2005 (IOS 2005). The Health
Physics Laboratory operates a technical Quality Assessment and Quality Control program to demonstrate the
accuracy and precision of results.
There are two types of quality control samples used to accompany the analyses of the environmental samples
collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. The following
main process control samples are used for samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Demineralized water samples run as low gross beta samples to detect contamination.

The quality control samples are samples that contain known values of the analyte, usually derived from
traceable standards, which are included for analysis. For general environmental samples, including drinking
water, results are considered valid when the values for the accompanying quality control samples are within
±10 percent of the known or expected values. The following table summarizes the 2009 quality control data
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applicable to the drinking water sampling program. The results were considered acceptable and provide
confidence in the quality of data for the REMP and the consistency for the laboratory measurements.
2009 Quality Control Data
(BRUCE POWER 2010, Table 4.4.1)
Tritium
Sample Type
Drinking water (includes resident well groundwater samples)

Low

High

94

103

External Laboratory Comparison
Bruce Power also uses an inter-laboratory comparison program to provide independent assurance to Bruce
Power, the CNSC and external stakeholders that the Bruce Power Health Physics Laboratory’s analytical
proficiency is adequate and the accuracy of measurements meets the required standards. This comparison
program demonstrates that the laboratory is performing within acceptable limits as measured against external
unbiased standards. The inter-comparison program relevant to REMP is one for radionuclides in
environmental matrices operated by Eckert & Ziegler Analytics Inc. of Atlanta, Georgia. On a quarterly basis,
Eckert & Ziegler Analytics provides a number of samples containing known quantities of radionuclides to the
Bruce Power Health Physics Laboratory, including: tritium in water, and beta emitters in water. Upon
completion of analysis of the supplied samples, the results are provided to Eckert & Ziegler Analytics. A
report is provided to Bruce Power by Eckert & Ziegler Analytics detailed the expected values and the ration of
the laboratory value to the expected value. The internally imposed test limits are as follows:
(VL + 1 standard deviationL)/VA ≥ 0.8 AND (VL - 1 standard deviationL)/VA ≤ 1.2
The results for the 2009 quarterly samples all met the imposed test limits for tritium in water and
gross beta in water (Bruce Power, 2010, Section 4.4.2).
Independent and Self Assessments
An external audit of the Bruce Power Health Physics Laboratory was completed by the Canadian Association
th
th
for the Environmental Analytical Laboratories (CAEAL) from September 9 to September 10 , 2008 (Bruce
Power, 2010, Section 4.5.1). Effective October 2008, CAEAL changes to Canadian Association for
Laboratory Accreditation (CALA). As a result of the audit, the Dosimetry Section maintained its accreditation
with CALA.
An internal audit of the Bruce Power Health Physics Laboratory was completed by the Bruce Power Audit
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Department from November 16 to November 27 , 2009. The audit concluded that the Dosimetry Section
generally met the requirements of the ISO/IEC 17025 and S-106 standards (BRUCE POWER 2010, Section
4.5.2).
Radionuclides in Surface Water
The hydrology and surface water quality assessment focused on non-radiological effects, as stated in
Section 1.2 of the Hydrology and Surface Water Quality TSD. The assessment of potential radiation and
radioactivity effects were documented in the Radiation and Radioactivity TSD. As part of the radiological
assessment, a review was done on the existing monitoring initiatives to determine whether additional field
work was required to accurately characterize existing conditions with respect to radiation and radioactivity.
The availability of existing information on radionuclides in surface water quality suggested that further
monitoring was not required. The REMP provides annual information on radionuclides (tritium and gross
beta) in select surface waters in the Site Study Area. Sampling locations include Baie du Dore (BM4), and
Stream C at the North Access Road (BC-2). This information is reported in Section 5.6 of the Radiation and
Radioactivity TSD.
Radioactivity in surface water samples from the South Railway ditch was measured during 2000 to 2004 as
part of an integrated EA Follow-up monitoring program at the WWMF (KINECTRICS 2005). Concentrations
measured in water samples from 2003/2004 were less than corresponding Method Detection Limits (MDLs)
for the Co-60, Cs-134, Cs-137, K-40, Sr-90, I-129, Tc-99 and Cl-36. The MDLs were below the respective
Ontario Drinking Water Standards (2001) and Canadian Council of Ministers of the Environment guidelines
(CCME 2003). The maximum tritium concentration in surface water from the South Railway Ditch was
measured at 1,850 Bq/kg in 2003/2004 compared to 1,206 Bq/L measured in 2000 (KINECTRICS, 2005, s.
9.1) however still well below the Ontario Drinking Water Standard (MOE 2001). C-14 concentrations in
samples from the South Railway Ditch were slightly above the MDL.
There is high confidence in the radionuclide baseline information for surface water quality. The REMP has
been conducted for more than ten years, under a stringent quality assurance/quality control program.
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. BREP-03419-00010.
CCME. 2003. Canadian Council of Ministers of the Environment. Canadian Environmental Quality
Guidelines.
CNSC. 2003. Regulatory Standard S-106(E) Technical and Quality Assurance Standards for Dosimetry
Services in Canada.IOS. 2005. ISO/IEC 17025:2005: General Requirements for the Competence of Testing
and Calibration Laboratories.
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KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program. Phase III –
Operational Phase, Report No. K-010669-001-RA-00001 R00.
MOE. 2001. Ministry of the Environment. Ontario Drinking Water Standards. Revised January, 2001.
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300).

EIS-03-79

 Section 10.1.2,
Surface Water

Information Request:
Provide additional surface water quality data for the Local Study Area, including MacPherson Bay, Baie du
Doré, North and South Railway Ditches, the north project area wetland, the south project area swamp and
Stream C. At a minimum, the data must include major ions, trace metals, nutrients and all major radionuclides
identified in the waste inventory.
Supporting data must include pH, conductivity, hardness and alkalinity. Samples taken from lake areas must
be obtained from surface, middle and bottom of the water column.
Data from all areas listed above should represent all four seasons.
Provide the data quality objectives for the above sampling plan, including provision for an adequate
representation of natural variability.
Context:
The data in Table 6.3.5-1 provide historic (1959/1960) to present-day (2007 and 2009) water quality data for
Lake Huron. Interpretation of these data is limited by their relative scarcity. Some of the data points in the
table are from one sample only. In other cases, the number of samples is unknown (footnotes d and e to
Table 6.3.5-1).
There is no information regarding the seasons of sampling in relation to important limnological parameters
such as depth, currents and temperature stratification. There are no data on trace metal concentrations. The
2007 and 2009 data sets do not include analysis of nitrogen compounds, despite the fact that nitrogen
compounds are one of the most common chemicals of concern associated with blasting.
In light of the limited data set, any interpretation of the water quality of Lake Huron and water bodies in the
Regional and Local Study Areas would appear to be tenuous and subject to significant uncertainty. Therefore,
more data are required.
OPG Response:
The Hydrology and Surface Water Quality Technical Support Document (TSD) (GOLDER 2011, Appendix E)
provides the details of the surface water quality sampling program conducted for the DGR Project. Samples
were collected in Stream C, the South Railway Ditch, and MacPherson Bay during 2007 and 2009. The
sampling program did not include sample sites within Baie du Doré because no project effects were
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anticipated in this waterbody. However, Stream C, located within the Bruce nuclear site, drains into Baie du
Doré and therefore provides valuable information regarding the quality of water draining to Baie du Doré.
Samples were not collected from the North Railways ditch because it is usually dry and only conveys water
after large rainfall events. The data provided for the sampled locations include pH, conductivity, hardness,
alkalinity, temperature, general chemistry, major ions, metals, nutrients (ammonia-N and phosphorous) and
volatiles. The rationale for this field study, including the selected sampling sites and parameter list, is
provided in the response to Information Request EIS-03-66. A discussion on the rationale for the
radionuclides analyzed in the samples is provided in the response to Information Request EIS-03-67.
Water quality data in Lake Huron is presented in Table 6.3.5-1 of the EIS for comparison to the conditions
found in MacPherson Bay. However, the open waters of Lake Huron are outside of the Site Study Area and
therefore no samples were collected offshore.
Collection of water samples from the surface, middle and bottom of the water column is not warranted in
these waterbodies. The Hydrology and Surface Water Quality TSD (GOLDER 2011, Sections. 5.4.1, 5.4.2)
describes MacPherson Bay as having depths of less than 1 m. The North Railway Ditch is typically dry and
the South Railway Ditch has a mean water depth of 0.15 m (GOLDER 2011, Section 5.4.3.2). Stream C is
also shallow (GOLDER 2011, Section 5.4.4). The shallow depths of these waterbodies does not allow for
meaningful stratification within the water column.
The sampling events were conducted in May, June and October 2007, and again in May, September and
October 2009. The data collected is representative of three seasons; however, winter conditions were not
sampled due to frozen conditions (SW1 through SW5) and ice safety (SW6) related the collection of surface
water samples.
The surface water sampling program did include analysis for both total ammonia-N and un-ionized ammonia.
At the time of the sampling program design, the underground facilities would be constructed using a boring
machine. Therefore, the use of explosives was not anticipated and nitrate was not included in the analysis on
the surface water samples.
In 2011, a sampling program was initiated to develop a better understanding of baseline conditions in
MacPherson Bay. The program, which includes monthly water quality sampling, includes analysis of nitrates,
nitrites and ammonia, as well as a number of other parameters..
The response to IR EIS-03-67 provides a discussion on the rationale for radionuclides analysed in samples.
Surface water sampling and analysis was conducted under the DGR Project Quality Plan (OPG 2006) and
Project Quality Plan, Deep Geologic Repository Project Environmental Assessment (GOLDER 2007). A
project specific work plan was developed with corresponding quality control procedures. Field aspects of the
work were performed in accordance with the project-specific field work plan and an independent review
verified that field aspects were performed according to the project technical and quality objectives.
Laboratories used for chemical analyses were certified by the Canadian Association for Environmental
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Analytical Laboratories. These laboratories were accredited in accordance with ISO 17025-2005. Samples
were submitted under chain-of-custody and within industry accepted sample holding times. Quality assurance
and quality control samples (e.g., field and trip blanks, duplicates and/or spiked samples) were submitted at
the same time as samples collected during field work.
Calibration and maintenance programs are in place for equipment used in the field. In general field
equipment must be:





calibrated and verified at specific intervals or prior to use;
adjusted or readjusted as required;
safeguarded from adjustments that invalidate the measurement results; and
protected from damage and deterioration.

Procedures were in place to address the detection of nonconforming equipment.
Adequate representation of natural variability in measured parameters is obtained from long-term data
records. An extensive period of record for surface water data is available and has been used in the surface
water quality assessment. In addition to the above, ongoing surface water quality monitoring at MacPherson
Bay is being conducted as part of the EA Follow-up Monitoring Program.
References:
GOLDER. 2011. Hydrology and Surface Water Quality TSD. Report Prepared for Nuclear Waste
Management Organization. NWMO DGR-TR-2011-04. (CEAA Registry Doc# 300)
GOLDER. 2007. Project Quality Plan, Deep Geologic Repository Project Environmental Assessment.
OPG. 2006. L&ILW Deep Geologic Repository Project, Project Quality Plan. 00216-PLAN-00120-00001.
EIS-03-80

 Section 10.1.3,
Groundwater

Information Request:
Provide a profile of the stratigraphic column showing the effective porosity of the stratigraphic horizons.
Context:
The discussion on porosity of rock samples recovered from the DGR boreholes reports total porosity, liquid,
and water-loss porosity. In terms of solute transport, the effective porosity, the proportion of interconnected
pore and fracture volume, is probably more significant.
OPG Response:
In the simulation of solute transport key issues relate to the nature of the interconnected porosity within the
rock mass, measurement scale dependency, diffusion accessible porosity (i.e., anion exclusion), and
evidence from geoscientific characterization (i.e., formation hydraulic conductivities) and environmental
tracers regarding dominant transport processes on geologic time scales. NWMO (2011; Sections 4.3.3, 4.4.4,
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4.5, 5.2, 5.4.1 and 5.4.10) presents evidence of a deep-seated saline groundwater system in which solute
transport has remained diffusion dominated on geologic time periods. For the purpose of modelling solute
transport the average liquid porosity was determined as the representative measure of interconnected
porosity through which diffusive transport would occur within the rock matrix. Methods applied to estimate
liquid porosity, the confidence in porosity estimates and derivation of formation (depth) specific averages are
described in INTERA (2011; Sections 4.3.2, 4.15 and 4.16.2). A stratigraphic column illustrating the formation
specific liquid porosities is shown in INTERA (2011) Figure 4.2.
References:
INTERA. 2011. Descriptive Geosphere Site Model. Intera Engineering Ltd. report to Nuclear Waste
Management Organization NWMO DGR-TR-2011-24 R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)

EIS-03-81

 Section 10.1.3,
Groundwater
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide information on the details of the groundwater sampling program conducted by Bruce Power, including
location of all sample areas, the frequency of sampling, the number of samples taken per site, the
radionuclides measured in each sample, and the supporting information collected for each sample (e.g. soil
moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for groundwater.
Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
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OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report on Radiological
Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
Groundwater Sampling Program
The groundwater sampling program conducted by Bruce Power is part of the on-going REMP undertaken to
assess the effect of all operations at the Bruce nuclear site, including those of Bruce Power, OPG and AECL.
This program includes sampling within a 20 km radius of the Bruce nuclear site. Data is collected and
reported each year to the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a
calendar basis. As described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is
used as the baseline year for describing existing conditions. Accordingly, the response to this Information
Request is focused on the groundwater sampling program carried out in 2009.
Resident well samples
Groundwater samples were collected from seven shallow and 13 deep wells in the vicinity of the Bruce
nuclear site. Sampling locations are located south and north of the Bruce nuclear site along the Lake Huron
shoreline as well as up to several kilometres inland and are shown in the attached figure. As reported in
Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), well samples are collected bi-monthly for
analysis of tritium and gross beta; however, monitoring for gross beta at all deep wells has been discontinued
as any small contribution by releases from the stations is expected to be negligible compared to natural
background levels. Monitoring results for tritium in the deep well water for the period of 2001 to 2009 are
provided in Table 5.9-1 of the Radiation and Radioactivity TSD (AMEC 2011). The monitoring results for
tritium and gross beta in shallow well water in 2009 are reported in the following table:

Page 98 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
Table 1. 2009 Annual Average Tritium and Gross Beta Activity in Shallow Well Water
(BRUCE POWER 2010, Excerpt from Table 2.3.5)
Water Source
(shallow wells)
BR2
BR3
BR4
BR32
BR41
BR42
BF6

Tritium (Bq/L)

Gross Beta (Bq/L)

93.1
79.2
94.4
18.3
31.0
39.6
28.1

0.04
0.71

Site Groundwater
Tritium in groundwater is also measured from a series of multi-stage wells around Bruce A and Bruce B.
Samples are collected semi-annually (June and December) and tritium is measured by liquid scintillation
counting. Monitoring for tritium in groundwater around the Bruce A and B generating stations was initiated as
a result of the Reconnaissance Level Groundwater Quality Monitoring Program Study Bruce Power Nuclear
Power Development Generating Stations Bruce 1-4 and Bruce 5-8 (Voraurer, et. al. 1998). As part of that
study, 5 multi-level monitoring wells were positioned at each station. The locations of these wells are shown
on Figures 17 and 18 of Vorauer et. al. 1998. The number, position and length of each monitoring zone was
selected based on: 1) the location and surface elevation of each well, 2) the elevation of the
overburden/bedrock contact, 3) the elevation of the corresponding powerhouse foundation, and 4) the
elevation, number and type of fractures found in the rock core.
Table 2.3.6a in the 2009 REMP report (BRUCE POWER 2010) summarizes the results of the semi-annual
sampling for each stage in each multi-level sampling well.
As part of the groundwater sampling activities from the Bruce A and Bruce B wells, field measurements of pH,
conductivity, and temperature are obtained using a calibrated water quality meter.
Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program to ensure the REMP is carried out
at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The quality
assurance program is described in OPG’s response to Information Request EIS-03-78. For convenience, the
most relevant aspects of the groundwater sampling QA are summarized, below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
groundwater pathway in the vicinity of the Bruce Power site as well as background locations. One hundred
Page 99 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
percent sample availability (52 samples planned; 52 actual samples) was achieved for the groundwater
samples collected from the Bruce A and Bruce B wells.
Quality Control
There are two types of quality control samples used to accompany the analyses of the groundwater samples
collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. The following
main process control samples are used for groundwater samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Demineralized water samples run as low gross beta samples to detect contamination.

For groundwater samples, results are considered valid when the values for the accompanying quality control
samples are within ±10 percent of the known or expected values. The following table summarizes the 2009
quality control data applicable to the groundwater sampling program. The results were considered acceptable
and provide confidence in the quality of data for the REMP and the consistency for the laboratory
measurements.
Table 2. 2009 Quality Control Data
(BRUCE POWER 2010, Excerpt from Table 4.4.1)
Sample Type

Drinking water (includes resident well groundwater samples)

Tritium
Low

High

94

103

External Laboratory Comparison
The results of external laboratory comparison for the 2009 quarterly samples all met the imposed test limits
for tritium in water and gross beta in water (BRUCE POWER 2010, Section 4.4.2).
References:
AMEC NSS. 2011. Radiation and RadioactivityTechnical Support Document. NWMO DGR-TR-2011-06.
(CEAA Registry Doc# 299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. BREP-03419-00010 R000.
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CNSC.2003, Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003
Vorauer, A., Johnson, H.M., and Jensen, M.R., 1998. OHT Report 6292-001-1997-RA-0001-R00,
Reconnaissance Level Groundwater Quality Monitoring Program Bruce Nuclear Power Development
Generating Stations Bruce 1-4 and Bruce 5-8.

EIS-03-82

 Section 10.1.4,
Terrestrial
Environment
 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual soil sampling program conducted by Bruce Power, including location of all
sample areas, the number of samples taken per site (describe composite method if applicable), the season of
sampling, the radionuclides measured in each sample, and the supporting information collected for each
sample (e.g. soil moisture, organic carbon content, particle size).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
exposure scenarios specific to Aboriginal individuals.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Report under Radiological
Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
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This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
Soil Sampling Program
The soil sampling program conducted by Bruce Power is part of the on-going Radiological Environmental
Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations at the Bruce
nuclear site, including those of Bruce Power, OPG, and AECL. This program includes sampling within a 20
km radius of the Bruce nuclear site. Data is collected and reported each year to the CNSC in accordance with
CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As described in Section 5.1 of the
Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline year for describing existing
conditions. Accordingly, the response to this Information Request is focused on the soil sampling program
carried out in 2009, and provides context for the baseline conditions reported in Section 5.8.4 of the Radiation
and Radioactivity TSD (AMEC 2011).
Individual soil and sand samples (i.e., not composites) were collected from seven different sites in the vicinity
of the Bruce nuclear site. Sampling locations were located at Scott Point (BR2, BR5, and BR4), Inverhuron
Beach, Baie du Doré beach, and an inland farm (BF14) located east of the Bruce nuclear site. Sampling
locations are shown in the Figure attached to the response to Information Request No. EIS-03-81. Bruce
Power also samples an inland background location at Amberley. As reported in Table 2.3.8.6 of the 2009
REMP Report (BRUCE POWER 2010), soil samples are collected annually for analysis of gamma emitters
(K-40, Cs-134, Cs-137 and Co-60). The monitoring results for 2009 are reproduced from the REMP Report in
the following table.

Table 3. 2009 Soil Data (BRUCE POWER 2010, Table 2.3.8.6)
Potassium -40
Location

Amberley #1
(0-6 inch
depth)

Sample
Type

Inland Soil

Cobalt60

Cesium134

Cesium-137

(Bq/kg)
(dry
weight)

± 2 standard
deviations

(Bq/kg)
(dry
weight)

(Bq/kg)
(dry
weight)

(Bq/kg)
(dry
weight)

± 2 standard
deviations

500.0

13.00

<0.31

<0.35

3.94

0.16
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Amberley #2
(6-12 inch
depth)

Inland Soil

446.0

11.00

<0.26

<0.29

2.68

0.31

BR2

Garden
Soil

481.0

13.00

<0.32

<0.38

8.02

0.51

BR5

Garden
Soil

595.0

16.00

<0.33

<0.36

6.15

0.23

BF14

Garden
Soil

626.0

17.00

<0.36

<0.39

4.70

0.19

Baie du Doré
Beach

Lakeshore
Soil

466.0

11.00

<0.24

<0.25

3.04

0.27

Inverhuron
Beach #1

Lakeshore
Soil

338.4

8.80

<0.22

<0.22

0.91

0.10

Inverhuron
Beach #2

Lakeshore
Soil

337.2

8.90

<0.23

<0.23

1.01

0.21

BR4

Lakeshore
Soil

294.5

8.00

<0.27

<0.30

4.56

0.39

Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). The quality
program is described in OPG’s response to Information Request EIS-03-78. .
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
soil pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability – the
number of valid sample analyses divided by the number of planned samples – is the performance measure
used to evaluate the sampling program. In 2009, soil sample availability was 100% (8 samples planned; 8
samples actual).
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-2011-TR-06. (CEAA Registry Doc# 299)
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BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003.

EIS-03-83

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual sediment sampling program conducted by Bruce Power,
including location of all sample sites, the number of samples taken per site, the season of sampling, the
radionuclides measured in each sample, and the supporting information collected for each sample. Provide
the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the tolerable
decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between local and
reference sample stations).
Explain why the 2009 sediment sampling program conducted in the Site Study Area and reported in the
Hydrology and Surface Water Quality TSD did not include radionuclide analyses, as these locations appear
not to have been sampled for sediments according to information presented in the Radioactivity and Radiation
TSD.
Context:
The annual sediment sampling program conducted by Bruce Power forms a major portion of the baseline for
sediments. Therefore, a greater understanding of the basis for the sampling design is required to evaluate the
defensibility, completeness, reliability and appropriateness of the baseline program.
There appears to have been an opportunity to combine analyses for trace metals and organics with analyses
for radionuclides in the 2009 sediment sampling program conducted in the Site Study Area (in the Railroad
Ditches, Stream C and MacPherson Bay) (Hydrology and Surface Water Quality TSD, Appendix F).
The most recent sediment data for radioactivity in the Project Area appears to be from 2002, during a study
conducted as part of an integrated EA follow-up monitoring program at the WWMF (Radiation and
Radioactivity TSD, page 82). It is not clear that the 2002 program included samples from all of the locations
sampled in 2009.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Report under the
Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site
is prepared. Ontario Power Generation (OPG) operates a background radiological monitoring program and
provides this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and
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submits the report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
OPG’s response to Information Request EIS-03-78 provides information on why there are no sampling
locations on Aboriginal lands.
Sediment Sampling Program
The sediment sampling program conducted by Bruce Power is part of the on-going Radiological
Environmental Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations
at the Bruce nuclear site, including those of Bruce Power, OPG, and AECL. Data is collected and reported
each year to the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar
basis. As described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the
baseline year for describing existing conditions. Accordingly, the response to this Information Request is
focused on the sediment sampling program carried out in 2009, and provides context for the baseline
conditions reported in Section 5.7.1 of the Radiation and Radioactivity TSD (AMEC 2011).
Sediment samples were collected from various locations in the vicinity of the Bruce nuclear site and along the
shore of Lake Huron. Sampling locations were at the Bruce A discharge, Bruce B discharge, three different
sampling points in Baie du Doré, Scott Point, Southampton, Sauble Beach, and Inverhuron. Samples are also
collected at Goderich and Grand Bend to provide background data. Four individual samples are collected for
each sampling point for a total of 36 samples on an annual basis. The samples are dried, sieved, packaged,
and undergo gamma spectrometry. As reported in Table 2.3.7.1 of the 2009 REMP Report (BRUCE POWER
2010), sediment samples were analyzed for K-40, Cs-134, Cs-137 and Co-60. The monitoring results for
2009 are reproduced from the REMP Report in the following table.

Table 4. 2009 Sediment Data
(BRUCE POWER 2010, Table 2.3.7.1)
Potassium -40
Location

Bruce A Discharge #1

Cobalt-60

Cesium-134

Cesium-137

(Bq/kg) (dry
weight)

±2σ

(Bq/kg) (dry
weight)

±2σ

(Bq/kg) (dry
weight)

(Bq/kg) (dry
weight)

±2σ

304.1

8.0

0.50

0.09

<0.23

3.18

0.12
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Bruce A Discharge #2

306.5

8.3

0.67

0.10

<0.25

3.44

0.17

Bruce A Discharge #3

306.3

8.2

0.55

0.09

<0.24

3.09

0.13

Bruce A Discharge #4

323.3

8.4

0.57

0.08

<0.23

3.58

0.29

Bruce B Discharge #1

314.1

8.3

0.67

0.09

<0.22

1.03

0.08

Bruce B Discharge #2

313.3

8.0

0.68

0.09

<0.21

0.90

0.10

Bruce B Discharge #3

323.9

8.6

0.67

0.09

<0.24

0.99

0.08

Bruce B Discharge #4

321.5

8.3

0.76

0.10

<0.22

0.94

0.10

Baie du Doré #5 - #1

376

10

0.85

0.10

<0.27

8.13

0.23

Baie du Doré #5 - #2

372

10

0.75

0.12

<0.29

8.19

0.53

Baie du Doré #5 - #3

372

10

0.76

0.10

<0.27

8.90

0.24

Baie du Doré #5 - #4

367

10

0.69

0.10

<0.28

8.57

0.24

Baie du Doré #6 - #1

397

10

<0.27

<0.26

2.22

0.14

Baie du Doré #6 - #2

384.1

9.6

<0.23

<0.22

2.02

0.1

Baie du Doré #6 - #3

394

10

<0.25

<0.25

2.22

0.15

Baie du Doré #6 - #4

390.3

9.9

<0.23

<0.23

2.24

0.14

Baie du Doré #103 - #1

405

10

<0.25

<0.24

1.61

0.10

Baie du Doré #103 - #2

400

10

<0.23

<0.22

1.54

0.11

Baie du Doré #103 - #3

405

10

<0.25

<0.25

1.66

0.25

Baie du Doré #103 - #4

405

10

<0.23

<0.23

1.55

0.13

Scott Point #1

521

14

<0.31

<0.33

0.19

0.06
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Scott Point #2

511

14

<0.30

<0.33

0.30

0.07

Scott Point #3

460

11

<0.26

<0.27

0.22

0.13

Scott Point #4

590

16

<0.34

<0.36

0.22

0.07

Southampton #1

250.5

6.9

<0.21

<0.23

0.21

0.06

Southampton #2

248.6

6.9

<0.21

<0.22

0.23

0.05

Southampton #3

246.6

6.6

<0.20

<0.21

0.21

0.04

Southampton #4

249.2

6.6

<0.20

<0.21

0.21

0.13

Sauble Beach #1

359.5

9.4

<0.23

<0.22

0.92

0.10

Sauble Beach #2

378.9

9.5

<0.20

<0.20

0.94

0.10

Sauble Beach #3

365.4

9.5

<0.22

<0.22

0.89

0.07

Sauble Beach #4

376.4

9.4

<0.22

<0.21

0.88

0.09

R32 (Inverhuron) - #1

279.1

7.5

<0.22

<0.24

0.85

0.07

R32 (Inverhuron) - #2

276.1

7.4

<0.22

<0.24

0.78

0.22

R32 (Inverhuron) - #3

285.9

7.4

<0.20

<0.22

0.95

0.07

R32 (Inverhuron) - #4

277.9

7.2

<0.20

<0.21

?

0.07

As explained in Section 5.5.2.7 of the Hydrology and Surface Water Quality TSD (GOLDER 2011), sediment
samples were collected from the Bruce nuclear site at the same time that surface water samples were
collected. The focus of this sampling program was to gather additional information on metals and
hydrocarbon concentrations in sediments in the site drainage features under existing conditions since run-off
from the DGR Waste Rock Management Area and discharge from the stormwater management system have
the potential to contribute additional non-radiological contaminants. Radionuclides were not measured in the
sediment samples collected in 2009 as part of the DGR field studies since concentrations of gamma emitters
in sediment are measured on an annual basis as part of Bruce Power’s established and CNSC-approved
REMP.
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Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). This quality
program is described in OPG’s response to Information Request EIS-03-78.
For convenience, the most
relevant aspects of the sediment sampling QA are summarized, below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
sediment pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability
– the number of valid sample analyses divided by the number of planned samples – is the performance
measured used to evaluate the sampling program. In 2009, sediment sample availability was 100% (36
samples planned; 36 samples actual).
References:
AMEC NSS . 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003, Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003.
GOLDER. 2011. Hydrology and Surface Water TSD. NWMO DGR-TR-2011-04. (CEAA Registry Doc#299)

EIS-03-84

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the details of the annual fish sampling program conducted by Bruce Power, including
location of all sample areas, the number of fish samples taken per site (describe composite method if
applicable), the season of sampling, the radionuclides measured in each sample, and the supporting
information collected for each sample, including any information on fish measurements (length, weight, age)
and health (external and internal examination for pathology).
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Context:
The annual fish sampling program conducted by Bruce Power forms a major portion of the baseline for
radionuclides in fish. The commercial fish resource is a major concern to the SON. The recreational fishery is
a significant activity in the area. Therefore, a greater understanding of the basis of the sampling design is
required. In addition, the effort to obtain the fish samples for radionuclide analysis could be complemented by
Page 108 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
the collection of data relevant to the fishery (relative abundance, size, age, condition, etc).
More information about the fish sampling program is required to evaluate the defensibility, completeness,
reliability and appropriateness of the baseline program.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single report under the
Radiological Environmental Monitoring Program (REMP) for emissions within and from the Bruce nuclear site
is prepared. Ontario Power Generation (OPG) operates a background radiological monitoring program and
provides this data to Bruce Power who undertakes the remainder of the monitoring program and compiles and
submits the report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
Fish Sampling Program
The fish sampling program conducted by Bruce Power is part of the on-going Radiological Environmental
Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations at the Bruce
nuclear site, including those of Bruce Power, OPG, and AECL. Data is collected and reported each year to
the CNSC in accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As
described in Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline
year for describing existing conditions. Accordingly, the response to this Information Request is focused on
the fish program carried out in 2009, and provides context for the baseline conditions reported in Section 5.7.3
of the Radiation and Radioactivity TSD (AMEC 2011).
Fish samples were collected from various locations around Baie du Doré and the Bruce nuclear site. Fish
were also collected from the western shore of Lake Huron. As reported in Section 5.7.3 of the Radiation and
Radioactivity TSD (AMEC 2011), two fish species are targeted: white sucker (benthic forager) and lake
whitefish (benthic forager that also consumes minnows). Brown bullhead and round whitefish act as back-up
species, respectively. The sampling program is based on the spawning periods of the target species.
Suckers were sampled in spring and whitefish were sampled in fall.
The flesh from the ventral to lateral line from the fish collected was included in the samples that were
prepared for analysis. Individual fish were analyzed for K-40, Co-60, Cs-134 and Cs-137 using gamma
spectrometry. Eight composite samples were prepared for whitefish and suckers from the individual fish
collected from Baie du Doré and from the individual Lake Huron fish. These composite samples were
analyzed for gamma emitters (K-40, Co-60, Cs-134, Cs-137), tritium oxide (HTO) and C-14. Additionally, a
single composite was prepared for each type of fish samples, and was analyzed for organically bound tritium
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(OBT). The flesh from the fish sample is freeze dried and the water collected was analyzed for liquid
scintillation counting for tritium oxide. The solid residue was washed to remove all tritium oxide and was then
combusted. The water was collected and analyzed for tritium by liquid scintillation counting, and the CO2 was
collected and analyzed for C-14 by liquid scintillation counting. The monitoring results for the fish samples
collected in 2009 are reproduced from Table 2.3.7.2 in the 2009 Annual REMP Report (BRUCE POWER
2010) for convenience.
Table 5. 2009 Annual Fish Data
(BRUCE POWER 2010, Table 2.3.7.2)
Sample
Location

Fish
Type

Tritium

Carbon‐14

Bq/L

±2σ

Bq/kg

±2σ

11.2
13.5
10.3
7.6
9.2
10.7
12.2
10.1

2.7
2.8
2.6
2.5
2.6
2.6
2.7
2.6

240
254
238
270
236
267
238
253

29
29
29
31
28
29
28
28

30.5

3.6

225

28.4

3.5

14.3

Organically
Bound Tritium
Bq(H3)/L ±2σ

Potassium ‐
40
Bq/kg ±2σ

Cobalt‐
60
Bq/kg

Cesium‐
134
Bq/kg

Bq/kg

±2σ

Cesium‐137

Bruce Power
Sucker #1
Sucker #2
Sucker #3
Sucker #4
Sucker #5
Sucker #6
Sucker #7
Sucker #8

Baie du Doré

Whitefish
#1
Whitefish
#2
Whitefish
#3
Whitefish
#4
Whitefish
#5
Whitefish
#6
Whitefish
#7
Whitefish
#8

139.90
131.40
133.20
137.20
127.80
129.30
139.30
125.90

4.7
4.6
4.5
4.7
4.3
4.6
4.9
4.4

<0.18
<0.18
<0.17
<0.19
<0.16
<0.19
<0.20
<0.19

<0.14
<0.16
<0.14
<0.15
<0.13
<0.15
<0.16
<0.15

0.28
0.28
0.27
0.29
0.27
0.28
0.28
0.32

0.08
0.09
0.07
0.08
0.07
0.08
0.08
0.07

29

125.5

4.0

<0.16

<0.13

0.32

0.06

234

29

124.9

4.1

<0.16

<0.13

0.31

0.06

2.9

229

28

138.7

4.8

<0.20

<0.16

0.42

0.09

29.2

3.5

241

29

135.0

4.2

<0.16

<0.12

0.39

0.07

22.9

3.3

257

30

145.7

5.0

<0.19

<0.16

0.43

0.09

28.1

3.5

230

30

136.1

4.5

<0.17

<0.13

0.26

0.06

13.8

2.9

236

28

127.8

4.2

<0.18

<0.14

0.37

0.08

18.1

3.1

252

29

124.6

4.0

<0.15

<0.13

0.18

0.06

<Ld
<Ld
<Ld

2.2
2.2
2.2

232
230
228

29
27
29

99.5
106
110.1

3.3
3.7
3.8

<0.14
<0.16
<0.16

<0.12
<0.14
<0.14

0.13
0.13
<0.10

0.05
0.06

10.5

9.6

3.1

3.0

Bruce Power Control Data
Lake Huron –
Far Field

Sucker #1
Sucker #2
Sucker #3

7.5

2.9
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Sucker #4
Sucker #5
Sucker #6
Sucker #7
Sucker #8
Whitefish
#1
Whitefish
#2
Whitefish
#3
Whitefish
#4
Whitefish
#5
Whitefish
#6
Whitefish
#7
Whitefish
#8

<Ld
<Ld
<Ld
<Ld
<Ld
<Ld

2.2
2.2
1.9
2.6
2.2

200
208
213
221
241

27
26
27
27
29

102.7
103.3
113.7
106.4
109.6

3.4
3.6
4.0
3.7
3.7

<0.14
<0.16
<0.16
<0.17
<0.16

<0.11
<0.14
<0.13
<0.13
<0.13

0.09
0.18
0.14
0.09
0.15

0.05
0.07
0.06
0.05
0.07

2.1

250

30

120.0

3.9

<0.15

<0.12

0.63

0.08

<Ld

2.1

257

30

122.0

4.1

<0.17

<0.14

0.56

0.08

<Ld

2.1

251

29

118.9

3.8

<0.16

<0.13

0.46

0.08

<Ld

2.1

237

29

124.2

4.1

<0.17

<0.14

0.67

0.09

118.5

4.1

<0.16

<0.14

0.58

0.08

8.5

2.9

<Ld

2.5

243

29

<Ld

2.5

235

30

115.4

3.9

<0.16

<0.14

0.38

0.08

<Ld

2.4

240

30

117.8

3.8

<0.15

<0.12

0.62

0.09

7.1

2.6

231

29

112.2

3.8

<0.16

<0.13

0.52

0.08

NOTE: Ld < 5.3-5.5 Bq/L

Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program to ensure the REMP is carried out
at the highest level of quality to fulfill its objectives (BRUCE POWER 2010, Section 4.1). This program is
described in OPG’s response to Information Request EIS-03-78. For convenience, the most relevant aspects
of the fish sampling QA are summarized, below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
fish pathway in the vicinity of the Bruce Power site as well as background locations. In 2009, fish sample
availability was reported as 100% (32 samples planned; 32 samples actual).
Quality Control
Process control samples are low analyte samples that are treated as real samples and go through the same
handling process so that contamination and specific sources of error can be detected. The following main
process control samples are applicable to fish samples collected for REMP:



Low tritium “dead” water samples kept open to air during sample handling to detect if tritium
contamination is picked up.
Coal (low carbon-14) samples to detect problems with carbon-14 analyses.
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External Laboratory Comparison
The results of the external laboratory comparison for the 2009 quarterly samples all met the imposed test
limits for tritium in water and gamma emitters in water (BRUCE POWER, 2010, Section 4.4.2).
References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06.
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Reporting Requirements for Operating Nuclear Power Plants, Regulatory Standard S-99.
ISO. 2005. International Organization for Standardization. ISOTEC 17025:2005. General Requirements for
the Competence of Testing and Calibration Laboratories.

EIS-03-85

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide information on the condition and qualities of the wetlands within 500 m of the Project Area.
Context:
The EIS is limited to the examination of the condition and qualities of the wetlands on and within 100 m of the
Project Area. The survey includes the creation of an inventory the vascular plants in these features, which is
used to conclude that no plant community of special significance to Aboriginal peoples has been identified in
the Project Area, and no vascular plant species with special significance have been identified.
Dust, run-off etc during exceptional climatic events may impact sensitive plant communities outside the
surveyed range.
OPG Response:
The Project Area is located within the Bruce nuclear site, and virtually all features within 500 m of the Project
Area fall within the Site Study Area. The Terrestrial Environment Technical Support Document (TSD)
(GOLDER 2011) described those wetland features located within the Project Area, the Site Study Area and
the Local Study Area (which includes features beyond 500 m of the Project Area).
Reporting efforts in the Terrestrial Environment TSD (GOLDER 2011) were focussed on features that had the
potential to be affected either directly or indirectly by the DGR Project. This area included the Project Area
and lands within 100 m of the Project Area. Classification of all plant communities, both upland and wetland,
followed the Ecological Land Classification System for Southern Ontario (ELC), First Approximation and Its
Application (Lee et al. 1998).
As described in the Terrestrial Environment TSD, the two wetland features that occur in the DGR Project Area
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are, in part, defined by fill placement. These include a wetland located in the northeast corner of the Project
Area, and a seasonal swamp located in the southeast portion of the Project Area [as shown on Figure 5.4.1-1
of the Terrestrial Environment TSD (GOLDER 2011)].
Figure 1 (attached at the end of the IR responses) shows additional wetland features located within 500 m of
the Project Area. A number of individual wetland units were mapped within the Bruce nuclear site in 2001 and
updated in 2007 as part of the Bruce New Nuclear Power Plant Project Environmental Assessment (BRUCE
POWER 2008), including all those within 500 m of the DGR Project Area. Appendix F of that assessment
(BRUCE POWER 2008) provides a classification and a detailed description of each of these wetland
communities following the ELC system referenced above. An excerpt from Appendix F is shown below.
Those wetland communities within 500 m of the DGR Project Area (shown in the attached Figure 1) include
the following:






Three individual meadow marshes dominated by reed canary grass (two within 500 m and one
partially within);
Three shallow water marshes dominated by common cattail (one within 500 m and two partially
within);
One mixed forest-swamp dominated by eastern white cedar, trembling aspen, red ash and white elm
(located partially within 500 m);
One hardwood forest swamp dominated by red/green ash (partially within 500 m); and
Three mixedwoods forest-swamp dominated by poplar, balsam fir and balsam poplar (two within
500 m and one partially within).
EXCERPT FROM TABLE F.2 OF THE BRUCE NEW NUCLEAR POWER PLANT PROJECT EA –
TERRESTRIAL ENVIRONMENT TSD (BRUCE POWER 2008)
Unit

Description

WETLAND
Marsh (MA)
Meadow Marsh (MAM)

MAM2-2
Reed canary grass meadow on mineral
soil

This community is dominated by reed canary grass
(Phalaris ar undinacea) and appears to have
developed in the shallow basin of a drowned conifer
stand. Numerous dead white cedars are present, as
well as a few dead white birch and tamarack. Canes
of red raspberry (Rubus i daeus) are present on some
of the drier hummocks but species diversity is quite
low.
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Shallow Marsh (MAS)

MAS 2-1
Shallow Marsh on mineral substrate

This is a more or less permanently flooded community
dominated by cattails (Typha spp.). The water level
drops through the growing season but soils remain
wet. Wetland plants that are scattered through the
community include water plantain (Alisma p lantagoaquatica), northern willowherb (Epilobium c iliatum),
duckweed (Lemna mi nor), northern bugleweed
(Lycopus uniflorus) and purple loosestrife.

Deciduous Swamp (SWD)

SWD 2-2
Deciduous Swamp on mineral substrate

This swamp community is dominated by red (or green)
ash with scattered trembling aspen and white elm
(Ulmus americana). The trees are relatively young
and the same species also make the main contribution
to the understory. Ground cover is patchy and
sensitive fern (Onoclea sensibilis) is the most frequent
species.

Mixedwoods Swamp (SWM)
SWM 1-1

Mixedwoods Swamp on mineral
substrate

SWM 3-2

Mixedwoods Swamp on mineral
substrate

White cedar, trembling aspen, red ash and white elm
are the principal species of this seasonal swamp
community. The understory is sparse with scattered
saplings of the main trees and red osier dogwood
(Cornus s tolonifera). The ground cover is equally
patchy and sparse with panicled aster (Aster
lanceolatus) being most frequent.
A mixedwoods community dominated by trembling
aspen with some balsam poplar and balsam fir,
particularly in the understory. Red osier dogwood is
also scattered through the understory. Ground cover
is patchy but moderately abundant. Sensitive fern
(Onoclea s ensibilis), fowl manna grass (Glyceria
striata) and spotted jewelweed (Impatiens c apensis)
are the most frequent species.

Note: Only those wetland communities identified within 500 m of the DGR Project Area are
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described.
The Terrestrial Environment TSD (GOLDER 2011) included consideration of indirect effects through changes
in the physical environment. Changes in the atmospheric environment (i.e., air quality, noise levels, light,
vibration) were predicted at ecological receptor locations in the Site Study Area, including locations in close
proximity to wetland features [Appendix J of the Atmospheric Environment TSD (GOLDER 2011a)]. The
results were then used in the Terrestrial Environment TSD to assess the indirect effects on plant and wildlife
VECs. The assessment concluded that there would be no adverse effects on VECs in the terrestrial
environment.
References:
BRUCE POWER. 2008. Bruce New Nuclear Power Plant Project Environmental Assessment – Terrestrial
Environment TSD.
GOLDER. 2011. Terrestrial Environment TSD. NWMO DGR-TR-2011-05.
GOLDER. 2011a. Atmospheric Environment TSD. NWMO DGR-TR-2011-02.
Lee, H. T., W.F.D. Bakowsky, J. Riley, J. Bowles, M. Puddister, P. Uhlig, and S. McMurray. 1998. Ecological
Land Classification for Southern Ontario. Ontario Ministry of Natural Resources Southcentral Science
Division.
Natural Heritage Information Centre. 2006. Species, and Communities and Natural Heritage Areas
Information. (accessed on September 15, 2006 from
https://www.biodiversityexplorer.mnr.gov.on.ca/nhicWEB/mainSubmit.do)

EIS-03-86

 Section 10.1.5,
Aquatic
Environment

Information Request:
Provide additional sediment quality data for the Local Study Area, including MacPherson Bay, Baie Du Doré,
North and South Railway Ditches, the north project area wetland, the south project area swamp and Stream
C. At a minimum, the data must include trace metals and all major radionuclides identified in the waste
inventory
Supporting data must include sediment particle size distribution, percent moisture and total organic carbon.
Provide the data quality objectives for the above sampling plan, including provision for an adequate
representation of natural variability.
Context:
The Hydrology and Surface Water Quality TSD, states on page 62 that: “Unless major changes occur within a
stream, changes in sediment quality (if any) are expected to occur slowly over time. It is therefore considered
appropriate to use one sampling event to define the existing conditions.”This statement is not supported by
adequate data. Provision of additional sediment data is required to establish a basis for evaluation of the
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defensibility and appropriateness of the assessment.

OPG Response:
For the purpose of the DGR Project, bottom sediment samples were collected during the September 2009
water quality sampling program. The objective of the sediment sampling program was to identify areas of
contamination and to confirm known areas of contamination. Therefore, sediment samples were collected at
six locations in the Site Study Area where contamination was likely: two from Stream C, two in the South
Railway Ditch, one in MacPherson Bay and one at a drainage culvert under Interconnecting road. Stream C,
located within the Bruce nuclear site, drains into Baie du Doré and therefore provides valuable information
regarding the quality of water draining to Baie du Doré, as described in the response to Information Request
EIS-03-79.
The samples collected were analyzed for various parameters including total organic carbon, moisture, metals,
polychlorinated biphenyls and hydrocarbons (Appendix F of the Hydrology and Surface Water Quality
Technical Support Document). Exceedances of the sediment criteria only occur for a few parameters in the
South Railway Ditch and drainage culvert. Sediment size distribution of the samples was not determined.
Historical data was also used to describe existing sediment quality for the DGR Project. Between 1997 and
2001 Ontario Power Generation (OPG) submitted environmental assessment (EA) reports for a Used Fuel
Dry Storage Facility and another for additional storage capacity for low and intermediate level waste at the
Western Waste Management Facility (WWMF). A three-phase EA monitoring program was completed in
support of these projects. Phase I, in 2000, was baseline monitoring. Phase II, from 2001 to 2002 was
construction monitoring (OPG 2005a) and Phase III, from 2003 to 2005, was operations phase monitoring
(OPG 2005; KINECTRICS 2005).
Sampling was conducted in the Railway Ditch and south Project Area wetland, and included surface water
and sediment sampling for radionuclides and chemical compounds. Sediment samples were collected in the
upper 10 cm of sand/silt/clay substrate. The results of the November 2003 and June 2004 sampling events,
as well as two Figures showing the location of the sampling sites, are provided in the attached file.
Supporting information on sediment particle size distribution, percent moisture and total organic carbon were
not reported.
Maximum Sediment Radionuclide Concentrations for on-site samples are summarized below. Detailed
results for the Phase II and Phase III sediment monitoring are also provided.

Maximum Sediment Radionuclide Concentrations
Analyte

Units

CCME

MOE

Maximum Value Ditch –WWMF (7 Sites)
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Guideline

Guideline

2001

1

2002

1

2003

2

2004

2

Tritium

Bq/kg

N/V

N/V

2300

n/s

592

2368

C-14*

Bq/kg

N/V

N/V

440

440

380

<250

Co-60

Bq/kg

N/V

N/V

43

15.17

6.3

1.4

Cs-134

Bq/kg

N/V

N/V

<1

<1

<1.1

<1.1

Cs-137

Bq/kg

N/V

N/V

75

103.6

25.5

27.0

K-40

Bq/kg

N/V

N/V

450

444

359

366.3

Cl-36

Bq/kg

N/V

N/V

<50

n/s

N/A

<100

I-129

Bq/kg

N/V

N/V

<50

n/s

N/A

<25

Sr-90

Bq/kg

N/V

N/V

<3.7

n/s

N/A

<5

Tc-99

Bq/kg

N/V

N/V

<50

n/s

N/A

<25

Notes:
NV - no value
* - Becquerel per kilogram carbon
N/A - Not Analyzed
n/s – not sampled
Source: 1 OPG, 2005a. Western Waste Management Facility Integrated EA Follow-up Program, Phase II Report –
During Construction Phase Report No 01098-REP-07701.8-10001-R01
2 Kinectrics, 2005. Western Waste Management Facility Integrated EA Follow-up Program, Phase III –
Operational Phase October 2003 – May 2005. Report K-010669-001-RA-0001-R00.

The results show that while two sites in the Railway Ditch (Sites 2 and 3) contained relatively higher sediment
radiological activities during construction, these levels dropped off considerably after completion of
construction except for tritium at Site 7. It was not clear whether this elevated concentration at the
downstream site was due to WWMF sources.
Results for metals analysis indicate that for copper, aluminum, cadmium, chromium, iron and zinc, sediments
upstream of the Used Fuel Dry Storage Facility (UFDSF) area of the WWMF contain higher metal
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concentrations, especially at Site 3 and during the construction period of Low Level Storage Building 8. Site 3
is at a subsurface drainage pipe outlet location. The fluctuating concentrations could be caused by the
drainage discharge during WWMF maintenance activities and construction activities at the UFDSF. Several
of the metals, including cadmium, chromium, copper, and zinc, exceeded the CCME or MOE sediment quality
guideline/criterion values, consistent with sampling conducted for the DGR Project.
BRUCE POWER (2010) includes sediment sampling at two locations in Baie du Doré. Samples are analyzed
for K-40, Co-60, Cs-134 and Cs-137. Results indicate that the primary radionuclides present in the sediment
samples are K-40 and Cs-134. Cs-134 was below detection limits in all sediment samples at the Bruce
nuclear site in 2009.
The deposition of sediments in natural water bodies occurs at a slow rate (e.g., typically less than a few
millimetres per year). A sample that includes the top few centimetres of sediment can be representative of
the environmental conditions of last decade or more. Therefore, collecting supplementary samples would not
provide any additional information regarding temporal changes in sediment quality. Also, radionuclide and
chemical contaminant data are provided for several sites in the Local Study Area. The results demonstrate
little change in concentration over time. Additional sediment sampling is not considered warranted.
Quality Assurance and Quality Control (QA/QC)
Quality control (QC) samples were collected as part of the sampling program to ensure that sample quality
was acceptable and to provide a quantitative measure of accuracy and precision of the chemical results. The
QC samples consisted of sample duplicates, in accordance with the Ministry of the Environment (1996)
document Guidance on Sampling and Analytical Methods for Use at Contaminate Sites in Ontario.
A field QA/QC plan prepared for Phase III of the monitoring program required a full account of the event that
took place around each sampling episode, including properly completed field notes, properly labelled sample
bottles, chain of custody forms and demonstrated proof of correct procedures.
Samples were analyzed for radionuclides at Kinectrics Radiological Laboratory. The lab was accredited by
the Standards Council of Canada/Canadian Association of Environmental Analytical Laboratories (CAEAL)
Program for specific radionuclide analysis. All samples for chemical parameters were analyzed at Kinectrics
Analytical Laboratory which was accredited by the CAEAL Program. Kinectrics is an ISO 9001 QMS
registered company.
References:
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009. BREP-03419-00010 R000.
KINECTRICS. 2005. Western Waste Management Facility Integrated EA Follow-up Program, Phase III –
Operational Phase October 2003 – May 2005. Report K-010669-001-RA-0001-R00.
OPG. 2005. Western Waste Management Facility Integrated EA Follow-up Monitoring Program, Summary
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Report No. 01098-REP-07701.8-10003 R0.
OPG 2005a. Western Waste Management Facility Integrated EA Follow-up Program, Phase II Report –
During Construction Phase Report No 01098-REP-07701.8-10001-R01

EIS-03-87

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Describe the basis for the design of the ground gamma survey conducted in the fall of 2000 from Inverhuron
Provincial Park to Scott Point (EIS, page 6-149).
Present the objective of the survey. Include the rationale for the selection of this particular stretch of shoreline
and explain the spatial extent (15 km). Explain the relevance of the observed results.
Present the rationale for the follow-up survey conducted by Bruce Power in 2002. Explain whether the followup survey encompassed the same length of shoreline as the original survey and if not, why not.
Explain the relevance of the observed results in more detail than presented in the EIS or TSD such that there
is a clear understanding of the source of the observed levels of cobalt-60.
Context:
The brief section describing the shoreline gamma survey (EIS, page 6-149 and TSD page 82) lacks sufficient
background information. Additional detail is required to evaluate the reliability and relevance of the results to
the DGR project.
OPG Response:
1) Introduction
The key findings of the fall 2000 and November 2001 surveys have been summarized in the Environmental
Impact Statement and Radiation and Radioactivity Technical Support Document (TSD). Supplementary
information from these two surveys is presented below as requested.
2) Gamma Radiation Survey in 2000
2.1 Objectives
The purpose of the survey was to identify areas with elevated levels of activity that could indicate the
presence of residual radioactive material attributable to the operation of nuclear facilities at Bruce nuclear site.
137
In particular, the areas of concern included the shoreline around the Douglas Point facility where Cs and
60
Co contamination had been discovered on site and the area around Scott Point where one previous soil
137
60
sample had Cs and Co activity concentrations of 88 and 2.5 Bq/kg, respectively (OPG 2000, Section 3.6).
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2.2 Description of the Survey
The survey consisted of the following four tasks:
1. Gamma scans of 15 km of shoreline in the area of and including the Bruce nuclear site;
2. In situ gamma spectrometry measurement of soil samples supplemented with radiochemical analysis
of soil samples in laboratory;
3. Investigation of the area adjacent to the spent fuel bay of the Douglas Point facility; and
4. Investigation of the rocky shore adjacent to the Douglas Point culvert.
Gamma scans were carried out from Inverhuron (south of the Bruce nuclear site) to Scott Point (north of the
Bruce nuclear site), as illustrated in Figure 1. The scanned area included the entire shoreline along the Bruce
nuclear site property as well as approximately 5 km north and 5 km south of the property (GRASTY 2001,
Section 2.1).
The scans were carried out on foot, using an Exploranium GR320 gamma spectrometer. Thorough
calibration tests were performed on the spectrometer systems before the survey commenced. Verification
and processing of the data were carried out each day in the field office (GRASTY 2001, Section 2.1).
To confirm the shoreline scan results, fifteen in situ gamma spectrometry measurements of soil samples
taken along the scan lines were conducted as part of the survey, using the same equipment as used for the
shoreline gamma scan. The soil samples were also taken for laboratory radiochemical analysis. For
background reference purposes, five similar measurements were taken well outside the surveyed areas
(GRASTY 2001, Section 3.1). The locations of in situ measurements are illustrated in Figure 2.
A detailed investigation covering a potentially contaminated area of 34.7 × 13.7 m, adjacent to the spent fuel
bay of the Douglas Point facility was conducted, along with the investigation of an area of 30.5 × 61.0 m on
the rocky shore adjacent to the Douglas Point culvert. The equipment used was an Exploranium GR320
gamma spectrometer, the same as that used for the shoreline scan.
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Figure 1. Shoreline Gamma Scan (GRASTY, 2001, Figure 1)
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Figure 2. In Situ Measurements and Soil Sampling Locations (GRASTY 2001, Figure 7)
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2.3 Results of the Survey
Shoreline gamma scans
137

The measured Cs concentrations were generally low with an average activity concentration of around 0.2
60
Bq/kg above background. No Co was detected during the gamma scans (GRASTY 2001, Section 2.4 and
Section 6).
137

However, several measurements in the boggy area of Baie du Doré showed Cs values up to 50 Bq/kg,
137
similar to those found previously at Scott Point. But it was difficult to determine whether the elevated Cs
levels were due to the operation of Bruce nuclear or whether they were due to weapons testing fallout as
137
measurements taken in boggy areas in southern Manitoba also showed Cs values of 100 Bq/kg or more
(GRASTY 2001, Section 2.4).
In situ gamma spectrometry measurements and soil sampling
137

The results of in situ gamma spectrometry measurement showed extremely low levels of Cs with the
exception of two samples. The two anomalous results were from Scott Point (northern end of the range) and
137
the southern area of Baie du Doré, both of which are boggy areas and where high values of Cs had been
detected during the shoreline gamma scan. However, it was noted that both measurements are considerably
lower than those found in boggy areas in other parts of Canada (GRASTY 2001, Section 3.4).
The results of the laboratory measurements on soil samples supported the findings of in situ measurement:
137
the location of the highest Cs measurement was consistent with the location of the highest field
60
measurement (GRASTY 2001, Section 3.4). The laboratory analyses show low levels of Co for two samples
60
within the Bruce nuclear site and three samples north of the site. The presence of Co indicates some
influence of the Bruce nuclear site on the shoreline material (GRASTY 2001, Section 3.4).
Investigation on area adjacent to the spent fuel bay of the Douglas Point facility
137

From the investigation, Cs activity concentrations ranged from typical background levels of 3 to 6 Bq/kg to
137
60
as high as 7500 Bq/kg. The highest Cs levels were measured in the drainage ditch. Co activity
137
60
concentrations generally correlated with the high levels of Cs. However, one of the highest Co activity
137
concentrations (20 Bq/kg) was found in the north-eastern corner of the survey area where the Cs activity
concentration was relatively low (60 Bq/kg). This suggests that there has been more than one contamination
incident.
Investigation on the rocky shore adjacent to the Douglas Point culvert
137

The measurement on the rocky shore adjacent to the Douglas Point culvert showed only low levels of Cs
60
137
60
and Co. No point sources of Cs and Co were detected in this area based on the method detection limit
137
60
of 14.8 kBq for Cs and 11.1 kBq for Co.
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3 Follow-up Survey in 2001
137

As elevated levels of Cs were found in Baie du Doré during the 2000 survey, a follow-up survey was
performed in November 2001 and reported in 2002. The follow-up survey didn’t cover the full 15 km length of
shoreline investigated during the 2000 survey. Instead, it included a few locations in the vicinity of Bruce
nuclear site, specifically the area along the south shoreline of Baie du Doré which was a part of the area
previously surveyed in 2000 (OPG 2001). Note that the reference in the Radiation and Radioactivity TSD to
this follow-up study incorrectly quotes the survey date as 2002.
3.1 Objectives
The objective of the follow-up survey was to verify the readings on the Baie du Doré shoreline, to confirm
whether these elevated levels were due to historical site operations, and to examine background radiation
137
levels of Cs due to atmospheric weapon testing in general.
3.2 Description of the Follow-up Survey
During the follow-up survey, different samples were taken from Baie du Doré, Port Elgin, Scott Point, the
vicinity of Bruce Nuclear Generating Station B, Kincardine, Goderich, and Ottawa (OPG 2001). The selected
sampling sites included the disturbed areas which were altered by landscaping or farming related activities
and the undisturbed areas which were believed to be intact since atmospheric nuclear weapons testing of the
1950s. The samples taken, including lake bottom soil exposed to air due to lake level dropping, garden soil
137
60
and grass, were analyzed for Cs and Co.
3.3 Results of the Follow-up Survey
During this survey, the highest activity concentrations measured in three samples from Baie du Doré, with
60
Cs values around 50 Bq/kg. Low levels of Co with an average of 2 Bq/kg were also detected in the same
137
Cs activity concentrations in other samples, which include those taken from background
samples.
60
reference locations, ranged from 6 to 17 Bq/kg and no Co was detected. These results confirmed the data
obtained during the initial shoreline survey and showed that emissions from the Bruce nuclear site have
contributed to observed levels (BRUCE POWER 2003, Section 3.7).
137

137

Despite the levels of Cs being higher than the background levels, they were significantly lower than the
137
recommended screening criterion of 210 Bq/kg for Cs based on National Council on Radiation Protection
and Measurement (NCRP) land use scenarios (NCRP 1999). No further action, other than the continuation of
annual lakeshore sampling was recommended (BRUCE POWER 2003, Section 3.7).
4 Conclusions
137

The survey in the fall of 2000 identified high Cs activity concentrations of up to 50 Bq/kg in the boggy area
of Baie du Dore, which was confirmed by the results of the follow-up survey in November 2001. The follow up
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60

survey also detected Co with an average activity concentration of 2 Bq/kg. The results of the surveys
137
confirmed that the emissions from the Bruce nuclear site have contributed to observed levels of Cs and
60
Co.
References:
BRUCE POWER. 2003. Annual Summary and Assessment of Environmental Radiological Data for 2002. BREP-03419-00002.
Grasty, R.L. 2001. Gamma Ray Survey of the Shoreline Around the Bruce Nuclear Power Development.
Prepared for Ontario Power Generation N-REP-03481-(412788).
NCRP. 1999. Recommended Screening Limits for Contaminated Surface Soil and Review of Factors
Relevant to Site-specific Studies. NCRP report No. 129.
OPG. 2000. Annual Summary and Assessment of Environmental Radiological Data for 1999. N-REP03419-10000-R00.
OPG. 2001. Memorandum Regarding Re-Survey at Baie du Dore, N-CORR-07010-0001294.
EIS-03-88

 Section 10.1.6,
Ambient
Radioactivity

Information Request:
Provide the details of the annual garden fruit and vegetable and agricultural plant as well as the weekly milk
sampling program conducted by Bruce Power, including location of all sample areas, the number of samples
taken per site (describe composite method if applicable), the season of sampling (for vegetables, fruits and
crops), the radionuclide measured in each sample, and the supporting information collected for each sample.
Provide the data quality objectives for the sampling plan; i.e. the planned precision and accuracy and the
tolerable decision error if statistical analyses are used on the data (e.g. trend analyses, comparisons between
local and reference sample stations).
Provide an explanation for why there are no sampling locations on Aboriginal lands. Note EIS 03-45 where a
justification for Regional Study Area boundaries is required.
Context:
The sampling program conducted by Bruce Power forms a major portion of the baseline for garden fruits and
vegetables, agricultural plants and milk. Therefore, a greater understanding of the basis for the sampling
design is required to evaluate the defensibility, completeness, reliability and appropriateness of the baseline
program.
Since the VECs include “Members of the public including Aboriginals” (EIS Table 6.6.2-1, page 6-132), and
since Aboriginal people may have specific exposure scenarios related to demographics, lifestyle and culture,
data for their communities is required. Without these data, it is not possible to evaluate the appropriateness of
the assessment for members of the general public in terms of whether that assessment encompasses the
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exposure scenarios specific to Aboriginal individuals.
OPG Response:
The Western Waste Management Facility (WWMF) and the proposed DGR Project are located within the
Bruce nuclear site. It is not generally possible within the Site, Local and Regional Study areas to distinguish
the source of emissions of radionuclides found in samples. Consequently, a single Radiological
Environmental Monitoring Report (REMP) for emissions within and from the Bruce nuclear site is prepared.
Ontario Power Generation (OPG) operates a background radiological monitoring program and provides this
data to Bruce Power who undertakes the remainder of the monitoring program and compiles and submits the
report annually to the CNSC.
This response is based on information included in the Bruce Power REMP report. Efforts are underway to
obtain supporting information to fully respond to the Information Request. Additional information will be
provided when available.
As discussed in OPG’s response to IR EIS-03-45, the Regional Study Area (RSA) for Radiation and
Radiological Environment (AMEC 2011) is the generic RSA. It includes the monitoring locations for the annual
Radiological Environmental Monitoring Program (REMP) conducted for the Bruce nuclear site. Doses to
members of the public in the vicinity of the Bruce nuclear site are calculated based on the results of the
REMP. As shown in Table 5.10-4 of the Radiation and Radioactivity TSD (AMEC 2011), estimated doses are
considerably less than 1% of the regulatory limit. Doses to any distinct group such as Aboriginal communities
or member of the public would be lower at greater distances from the Bruce nuclear site.
Vegetation Sampling Program
Bruce Power routinely samples produce, agricultural plants and milk as part of the on-going Radiological
Environmental Monitoring Program (REMP) undertaken by Bruce Power to assess the effect of all operations
at the Bruce nuclear site, including those of Bruce Power, OPG, and AECL. This program includes sampling
within a 20 km radius of the Bruce nuclear site. Data is collected and reported each year to the CNSC in
accordance with CNSC Regulatory Standard S-99 (CNSC 2003) on a calendar basis. As described in
Section 5.1 of the Radiation and Radioactivity TSD (AMEC 2011), 2009 is used as the baseline year for
describing existing conditions. Accordingly, the response to this Information Request is focused on the
sampling program carried out in 2009, and provides context for the baseline conditions reported in Sections
5.8.1 and 5.8.2 of the Radiation and Radioactivity TSD.
Agricultural produce samples
Samples of fruit and vegetables were collected in the vicinity of the Bruce nuclear site and at provincial
background locations. Sampling locations for apples, shown on Figure 5.8.1-1 of the Radiation and
Radioactivity TSD, are located south and north of the Bruce nuclear site as well as up to several kilometres
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inland. As reported in Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), produce samples are
collected annually for analysis of tritium and C-14 by liquid scintillation counting. Where multiple sample types
are found at the sample location, the samples were combined into composite samples for analysis. As an
example, monitoring results for tritium and C-14 in apples for the period of 2001 to 2009 are provided in
Tables 5.8.1-1 and 5.8.1-2, respectively, of the Radiation and Radioactivity TSD. The monitoring results for
the produce samples collected in 2009 in the vicinity of the Bruce nuclear site are reproduced from Table
2.3.8.5 in the 2009 Annual REMP Report (BRUCE POWER 2010) for convenience.
Table 6. 2009 Annual Produce Data
(BRUCE POWER 2010, Table 2.3.8.5)

Tritium (Free Water)
Sample Location

Sample Type

BG1

Carbon-14

Bq/L

±2σ

Bq/L

±2σ

Apples

214.4

8.1

283

30

BG3

Apples

131.4

6.5

262

29

BG4

Apples

45.2

4.2

238

28

BG5

Apples

41.1

4.0

263

30

BG7

Apples

42.3

4.1

244

28

BG8

Apples

45.3

4.2

239

27

BG10

Apples

99.8

5.7

267

30

BG11

Apples

69.2

4.9

241

28

BG13

Apples

52.3

4.4

248

29

BG14

Apples

142.2

6.7

267.0

29.0
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BG16

Apples

66.3

4.8

252.0

29.0

BG17

Apples

80.9

5.2

247.0

29.0

BG18

Apples

124.9

6.3

256.0

28.0

BG19

Apples

230.0

8.3

269.0

30.0

BG20

Apples

226.1

8.3

288.0

30.0

BG21

Apples

171.7

7.3

266.0

29.0

B6

Apples

11.8

2.8

226.0

29.0

BF14

Apples

220.3

8.2

244

28

Alt BR-47

Above ground

33.9

3.6

242

29

Alt BR-47

Leafy

24.1

3.2

256

31

Alt BR-47

Below ground

24.1

3.2

225

28

BF1

Above ground

96.2

5.5

241

29

BR15

Above ground

60.0

4.5

243

29

BR17

Leafy

53.9

4.3

250

30

BF7

Above ground

48.6

4.1

239

29

Alt BF8

Leafy

33.6

3.6

234

29

Alt BF8

Below ground

38.9

3.8

220

28

BF 15

Above ground

212.2

8.0

237

29
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BF15

Leafy

72.7

4.9

234

30

BF15

Below ground

60.9

4.6

243

29

BF14

Above ground

173.0

7.2

261

30

BF14

Leafy

1736.0

22.0

268

31

BF14

Below ground

97.9

5.6

236

29

BR44

Leafy

69.1

4.8

229

29

BR44

Below ground

55.5

4.4

263

31

Agricultural grains samples
Annual samples of various grains (soybean and corn) produced on lands in the vicinity of the Bruce nuclear
site were supplied by local farms for analysis. Sampling locations are located south and north of the Bruce
nuclear site as well as up to several kilometres inland and shown on the Figure appended to the response to
EIS-03-81. Additionally, corn mash composite samples from the Bruce Eco-Industrial Park (formerly called
the Bruce Energy Centre) were supplied to Bruce Power for analysis. As reported in Table 4.2 of the 2009
REMP Report (BRUCE POWER 2010), grain samples are collected annually for analysis of tritium and
carbon-14 by liquid scintillation counting, and the corn mash is collected quarterly for tritium analysis. The
monitoring results for the grain samples collected in 2009 in the vicinity of the Bruce nuclear site are
reproduced from Table 2.3.8.2 and Table 2.3.8.4 in the 2009 Annual REMP Report (BRUCE POWER 2010)
for convenience.
Table 7. 2009 Annual Grain Data
(BRUCE POWER 2010, Table 2.3.8.2)

Sample Location
Sample Type

Tritium
Bq/L ±2σ

Carbon-14
±2σ
Bq/L
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BF21

Soybean

18.1

3.0

205

31

BF20

Soybean

123.8

6.0

238

30

BF8

Soybean

82.9

5.1

238

29

BF8

Soybean

62.9

4.5

234

29

Alt BF18

Corn

113.0

5.8

240

29

BF22

Soybean

36.3

3.7

225

29

Table 8. 2009 Quarterly Corn Mash Data (Bruce Eco-Industrial Park)
(BRUCE POWER 2010, Table 2.3.8.2)
Tritium (Free Water)
Sample Date
±2σ
Bq/L
Sample Type (Composites)
Q1
Corn Mash
16.6
3.2
Q2

Corn Mash

18.3

3.2

Q3

Corn Mash

14.0

3.0

Q4

Corn Mash

26.2

3.6

Milk Sampling Program
Milk samples were collected weekly from two dairy farms in the vicinity of the Bruce nuclear site. The
sampling locations (BDF1 and BDF9) are shown on Figure 5.8.2-1 of the Radiation and Radioactivity TSD
(AMEC 2011). As reported in Table 4.2 of the 2009 REMP Report (BRUCE POWER 2010), the weekly
samples are composited and measured for iodine-131 using gamma spectrometry. The weekly samples are
composited into monthly samples and are analyzed for tritium and carbon-14. When the milk was received by
Bruce Power, it was analyzed by gamma spectrometry. The sample was then freeze dried. The water
fraction was analyzed for tritium by liquid scintillation counting, and the solid residue was used to measure
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carbon-14 by combustion, collection of the CO2, and liquid scintillation counting. The monitoring results for
annual average tritium and carbon-14 in milk samples for the period of 2001 to 2009 are provided in Tables
5.8.2-1 and 5.8.2-2, respectively, of the Radiation and Radioactivity TSD (AMEC 2011). As reported in
Section 5.8.2 of the Radiation and Radioactivity TSD (AMEC 2011), iodine-131 was detected at a
concentration of less than 0.2 Bq/L in milk samples from the Bruce Power sampling locations in 2009.
Quality Assurance
Bruce Power is committed to an effective Quality Assurance (QA) Program that ensures the REMP is carried
out at the highest level of quality to meet its objectives (BRUCE POWER 2010, Section 4.1). The QA
program is described in OPG’s response to IR EIS-03-78. For convenience, the most relevant aspects of the
QA program to the agricultural plants sampling program and the milk sampling program are summarized,
below.
Field Sampling
The field sampling program of the Bruce Power REMP is designed to collect representative samples from the
terrestrial pathway in the vicinity of the Bruce Power site as well as background locations. Sample availability
– the number of valid sample analyses divided by the number of planned samples – is the performance
measure used to evaluate the sampling program. In 2009, agricultural produce sample availability was 94%
(54 samples planned; 51 samples actual); agricultural grains sample availability was 100% for both annual
and quarterly samples; and milk sample availability was also 100% for both weekly and monthly composite
samples.
Quality Control
Two types of quality control samples are used to accompany the analyses of the agricultural plants and milk
samples collected for the REMP: process control samples and quality control samples.
The process control samples are low analyte samples that are treated as real samples and go through the
same handling process so that contamination and specific sources of error can be detected. Low tritium
“dead” water samples kept open to air during sample handling to detect if tritium contamination is picked up.
The quality control samples are samples that contain known values of the analyte, usually derived from
traceable standards, which are included for analysis. For groundwater samples, results are considered valid
when the values for the accompanying quality control samples are within ±10 percent of the known or
expected values. The following table summarizes the 2009 quality control data applicable to the milk
sampling program. The results were considered acceptable and provide confidence in the quality of data for
the REMP and the consistency for the laboratory measurements.
External Laboratory Comparison
The results of the external laboratory comparison for the 2009 quarterly samples all met the imposed test
limits for tritium in water and iodine in milk (BRUCE POWER 2010, Section 4.4.2).
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Table 9. 2009 Quality Control Data
(BRUCE POWER 2010, Table 4.4.1)
Tritium

Carbon-14

Sample Type

Milk

Low

High

Low

High

96

104

103

111

References:
AMEC NSS. 2011. Radiation and Radioactivity TSD. NWMO DGR-TR-2011-06. (CEAA Registry Doc#299)
BRUCE POWER. 2010. Annual Summary and Assessment of Environmental Radiological Data for 2009.
Report No. B-REP-03419-00010. April 2010.
CNSC. 2003. Canadian Nuclear Safety Commission Reporting Requirements for Operating Nuclear Power
Plants, Regulatory Standard S-99. March 2003
EIS-03-89

 Section 10.2.6,
Human Health
 Section 11.5.6,
Human Health

Information Request:
Provide a thorough rationale for the interpretation of data on cancer incidence on page 6-282 of the EIS,
including but not limited to, references to the peer-reviewed scientific literature.
Context:
From page 6-282 of the EIS: “The statistical significance of the differences between the South West LHIN and
Ontario was not available. In general, cancer incidence rates are higher in the South West LHIN compared to
the province as a whole. With the exception of prostate cancer, cancer incidence rates in the South West
LHIN and Grey Bruce are within 10% of than (sic) Ontario incidence rates for the same type of cancer. As
such, the South West LHIN and Grey Bruce PHU cancer incidence rates are considered to be comparable to
Ontario rates due to many confounding factors that require consideration including lifestyle (smoking, alcohol
consumption, obesity, etc.), genetic predisposition, access to medical care, and education. Also, while
incidence rates appear to fluctuate, there are no apparent increasing trends for all types of cancers including
prostate cancers.”
The above paragraph requires references to the literature to provide support for the opinions and
interpretation expressed. Provision of a thorough rationale for the interpretation of data on cancer incidence,
including but not limited to references to the peer-reviewed scientific literature, is required to evaluate the
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defensibility and scientific credibility of the assessment of the baseline cancer incidence data.
OPG Response:
There are no cancer incidence rates available for the Regional Study Area; thus, the cancer incidence rates
for both the South West Local Health Integration Network (LHIN) and the Grey Bruce Public Health Unit
(PHU) are used to represent the incidence for the Regional Study Area. Both the Grey Bruce PHU and South
West LHIN fully encompass the Regional Study Area, as shown respectively on Figures C2.1-1 and C2.1-2 of
Appendix C to the Environmental Impact Statement (EIS).
The statistical significance of the differences between the South West LHIN and Ontario, and Grey Bruce and
Ontario was not available from Statistics Canada (Statistics Canada 2010, 2011). An interpretation of
differences in cancer rates was provided in the EIS. The interpretation was based on calculated percentage
difference in cancer incidence compared to the Ontario totals for each cancer type, for each year. The
following shows the calculation used for the South West LHIN during 2001:
,

%

,

100

,

Where:
CI = Cancer incidence; and
Type = Cancer type.

Positive percentage values indicate higher cancer incidence rates compared to Ontario for the specific cancer
type, whereas negative percentage values indicate lower cancer incidence rates compared to Ontario for the
specific cancer type. The calculated percentage differences of cancer incidence for South West LHIN are
presented in Table 1.
Table 1: South West LHIN Percentage Differences
Cancer Type

Year
2001

2002

2003

All invasive primary cancer sites (including in situ
bladder), both sexes

+5%

+6%

+5%

Colon, rectum, rectosigmoid junction cancer, both
sexes

+9%

+9%

+7%
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Bronchus and lung cancer, both sexes

+1%

+0.4%

+0.2%

Female breast cancer, females

+2%

+4%

+4%

Prostate cancer, males

+11%

+13%

+10%

Using the equation above, the calculated percentage differences of cancer incidence for Grey Bruce PHU are
presented in Table 2.
Table 2: Grey Bruce PHU Percentage Differences
Cancer Type

Year
2001

2002

2003

All invasive primary cancer sites (including in situ
bladder), both sexes

+1%

+1%

-2%

Colon, rectum, rectosigmoid junction cancer, both
sexes

+4%

+2%

+4%

Bronchus and lung cancer, both sexes

-5%

-3%

-6%

Female breast cancer, females

-6%

-3%

–

+18%

+15%

–

Prostate cancer, males

The analysis provides insight into the burden of cancer in close proximity to the Regional Study area, with a
view of determining whether or not cancer incidence is higher than the Ontario average. As stated on page 6282 of the EIS, cancer incidence rates in the South West LHIN and Grey Bruce PHU, with the exception of
prostate cancer, are within 10% of Ontario incidence rates for the same type of cancer. The percentage
differences presented above indicate that there is no consistent increasing trend observed for all types of
cancer and the data does not identify occurrence of a greater than expected number of cases for a particular
cancer type.
A search of primary literature was carried out to confirm the interpretation provided above using the Web of
Science that allows access to over 12,000 journals worldwide and 150,000 conference proceedings. The
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literature search identified numerous studies pertaining to cancer incidence rates in Ontario, but only two
papers reported spatial variation patterns in Ontario including details of regional differences by county.
The Walter et al. study (1994) evaluated cancer incidence rates for 22 cancer types in 49 counties of Ontario
during 1976 to 1986. Cancer incidence data for the period of the study were obtained from the Ontario
Cancer Registry; and case information were obtained from hospital records, regional cancer centre reports
and death certificates. Given that the spatial patterns of cancer incidence in Ontario were provided in figures
and not in tabular form, the incidence ratios were estimated from the figures. The Walter et al. study (1994)
found no spatial aggregation for cancers of gallbladder, bladder, brain, thyroid, non-Hodgkin’s lymphoma,
Hodgkin’s disease and leukemia. Regional variations in Ontario were reported for cancers of the stomach,
1
rd
th
lung, uterus and prostate. For the South West LHIN , cancer incidence rates are among the 3 or 4
quartiles across the province for male stomach cancer, female colon cancer, male lung cancer, female
melanoma, cervical cancer and uterine cancer and in the highest quantile for male lip cancer and prostate
cancer. Cancer incidence rates for lip and prostate are among the highest for the South West County. The
authors identified that lip cancer is strongly associated with exposure to the sun and the highest rates in
Ontario are generally found in areas where farming and other outdoor vocations such as forestry are
common. Key risk factors for prostate cancer are considered to be diet and high levels of androgens. It is
emphasized that the Walter et al. study (1994), while comprehensive in nature, is outdated. It is considered
that the incidence rates provided in the EIS provide a more representative cancer incidence data under
baseline conditions.
The Tinmouth et al. study (2011) evaluated cancer incidence rates of esophageal and gastric cardia
adenocarcinomas in 14 health regions of Ontario during 1972 to 2005. The authors obtained information for
the periods of the study from Ontario Health Insurance Plan, the Ontario Cancer Registry, the Registered
Persons Database and the Canadian Institute of Health Information. The Tinmouth et al. study (2011)
reported an approximate four-fold increase (incidence of 1.01 per 100,000 to 3.9 per 100,000) of esophageal
and gastric cardia adenocarcinomas in Ontario between 1972 and 2005. The paper stated that this trend
2
follows those observed in western countries. The paper identified that residents of the South West LHIN
region had a twofold increased risk (rate ratio of 2, 95% confidence interval 1.6-2.7; p<0.0001) compared with
those living in the Central health region (rate ratio of 1); whereas those living in North West health region had
a six-fold increased risk (rate ratio of 6.5, 95% confidence interval 4.4-9.6; p<0.0001) compared with those
living in Central health region.
References:
Statistics Canada. 2010. Table 105-0501, Health indicator profile, annual estimates, by age group and sex,
Canada, provinces, territories, health regions (2007 boundaries) and peer groups, occasional, CANSIM
(database).

1
2

Referred to as South West County in the Walter et al. study (1994).
Referred to as South West Health Region in the Tinmouth et al. study (2011).
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Statistics Canada. 2011. Table 103-0403, Cancer incidence, by selected sites of cancer and sex, three-year
average, Canada, provinces, territories and health regions (June 2005 boundaries), occasional (agestandardized rate per 100,000).
Tinmouth, J., J. Green, Y-J. Ko, Y. Liu, L. Paszat, R. Sutradhar, L. Rabeneck, and D. Urbach. 2011. A
population-based analysis of esophageal and gastric cardia andenocarcinomas in Ontario, Canada:
Incidence, Risk Factors, and Regional Variation. Journal of Gastrointestinal Surgeons 15, p.782-790.
Walter, S.D., S.E. Birnie, L.D. Marrett, S.M. Taylor, D. Reynolds, J. Davies, J.J. Drake, and M. Hayes. 1994.
The geographic variation of cancer incidence in Ontario. American Journal of Public Health, 84 (3), p.367376.

EIS-03-90

 Section 11;
Effects
Prediction

Information Request:
Provide a quantitative analysis of the uncertainties associated with the dispersion model used to evaluate
changes in air quality.
Context:
Existing a ir q uality in t he local s tudy ar ea w as des cribed using d ispersion m odelling r esults, r ather t han
physical m easurements ( Table 6.7. 5-8). T he s ame model is a lso us ed t o pr edict the impact of th e DG R
activities.
To evaluate the difference between the two and isolate the contribution of the project, the Panel requires
knowledge of the numerical uncertainties associated with the model values.
OPG Response:
Existing air quality was characterized using a combination of ambient monitoring data and dispersion
modelling. Ambient data was used to describe background air quality in the region as described in
Section 5.4.1.6 of the Atmospheric Environment Technical Support Document (TSD) (GOLDER 2011). Air
dispersion modelling was used to predict the contribution to existing air quality in the Local Study Area from
sources at the Bruce nuclear site (GOLDER 2011, Section 5.4.2.1). The ambient monitoring and dispersion
modelling data were combined to yield the existing air quality (GOLDER 2011, Section 5.4.2.2).
The air dispersion modelling was conducted using the AERMOD dispersion model, which was developed by
the U.S. EPA. The AERMOD model is listed as an approved model in the U.S. (Government of the United
States 2010), and is an approved model for use in Ontario (MOE 2009).
Prior to its acceptance for regulatory modelling, the AERMOD model was extensively tested and validated
through numerous studies. The results of the studies have been summarized by the U.S. EPA (2003), and
indicate that the overall ratio of predicted-to-observed data for short-term concentrations is 1.03. This means,
the AERMOD model tends to slightly over-predict relative to actual observations. The range of predicted-toobserved concentrations is from 0.76 to 1.35. This shows that the model has a tendency to over-predict by
Page 136 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
more than it under-predicts.
To account for possible uncertainties in model predictions, a precautionary approach was used in undertaking
the air quality assessment. This precautionary approach included the assumption that all equipment and
activities present during a particular stage of the project were operating and causing emissions
simultaneously. The emissions were estimated using published emission factors (AP-42) that are known to
have been developed so as not to underestimate effects.
Finally, the evaluation of effects associated with changes in air quality made use of 43,824 hours of
meteorological data, yielding as many hourly, and 1,826 daily predicted concentrations for each of the
modelled receptors (see GOLDER 2011, Figure F3.2-1). The assessment of air quality effects was based on
the maximum modelled predictions. The same approach was used when modelling the contribution from
existing sources as well as the combined contribution from existing sources plus the DGR Project.
References:
GOLDER. 2011. Atmospheric Environment Technical Support Document. Golder Associates Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-02 R000. Toronto, Canada. (CEAA
Registry Doc# 299)
Government of the United States. 2010. Appendix W in 40 CFR (Code of Federal Regulations), Part 51.
MOE. 2009. Air Dispersion Modelling Guideline for Ontario, Version 2.0. Ontario Ministry of Environment.
U.S. EPA. 1995. Compilation of Air Pollutant Emission Factors. Volume 1: Stationary Point and Area Sources.
Document AP-42 (and updates). U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards. Research Triangle Park, North Carolina.
U.S. EPA. 2003. AERMOD: Latest Features and Evaluation Results. U.S. Environmental Protection Agency
EPA 454/03-003.

EIS-03-91

 Section 11;
Effects
Prediction

Information Request:
Explain the absence of any measurements of air quality in the Local Study Area; specifically, the absence of
measurements of oxides of nitrogen, sulphur dioxide, carbon monoxide, ozone, suspended particulate matter,
PM and PM .
10

2.5

Context:
Section 6. 7.5.3 of th e EI S s tates: “ The ex isting air quality i n the L ocal Study Ar ea is des cribed us ing a
combination of background air quality and the modelled air quality resulting from the emissions from existing
sources at the Bruce nuclear site.”
An explanation for why it was determined that field measurements of air quality in the Local Study Area were
not necessary and a description of the level of confidence in the modelled air quality is required for the
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evaluation of the defensibility, reliability and appropriateness of the assessment

OPG Response:
As stated in the Context for this Information Request, Section 6.7.5.3 of the Environmental Impact Statement
(EIS): “The existing air quality in the Local Study Area is described using a combination of background air
quality and the modelled air quality resulting from the emissions from existing sources at the Bruce nuclear
site.” Background air quality was derived using measurements of air quality from existing stations, with a
preference for data from the community of Tiverton. Tiverton is located within the Local Study Area.
Existing data were available within the Local Study Area (i.e., Tiverton) for nitrogen dioxide (NO2), sulphur
dioxide (SO2) and PM2.5. No carbon monoxide monitoring was available in the Local Study Area, so
background was conservatively taken from available data in the Regional Study Area (i.e., London, which is
located adjacent to the heavily travelled Highway 401 corridor). In Ontario, continuous monitoring data are
not readily available for either suspended particulate matter (SPM) or PM10. Therefore, background
concentrations were derived for SPM and PM10 using the available PM2.5 data for the Local Study Area (i.e.,
Tiverton), as described in Section E8 of the Atmospheric Environment Technical Support Document (TSD).
In situations where there is a very good understanding of existing sources in an area, or where those existing
sources may have an appreciable effect on short-term, localized air quality, it is common to use dispersion
modelling to determine the existing air quality conditions. Given air quality in the Local Study Area can be
influenced by compounds travelling from greater distances, the overall air quality would be described using a
combination of modelling local sources and monitored background data, as was done in the case of the DGR
Project.
Previous assessments completed in the area used the approach of modelling existing sources in the Site
Study Area for defining existing air quality. Consistency with these previous assessments provides a point of
reference and context for both stakeholders and regulators when reviewing the DGR Project effects. In
addition, dispersion modelling of local sources provides a better description of the spatial distribution of
concentrations than can be achieved through a field monitoring program. Therefore, the spatial distribution of
the existing concentrations is consistent with the spatial distribution of concentrations predicted for the DGR
Project.
There is a high level of confidence that predicted concentrations, both the existing and those associated with
the DGR Project, will be proportionally higher than actual conditions. This conclusion is based upon the
conservatism inherent in the approach used. Firstly, background air quality was taken primarily from the
community of Tiverton. Air concentrations are expected to be higher in the community of Tiverton than other
areas in the Local Study Area, except immediately adjacent to the Bruce nuclear site, because of the density
of people in vehicles in the community relative to the remainder of the Local Study Area. Secondly, the
dispersion modelling used to predict both the existing and projected future concentrations from sources at the
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Bruce nuclear site are conservative.
As described in the response to Information Request EIS-03-90, the AERMOD dispersion model has a
tendency to over-predict by more than it under-predicts. In estimating the emissions used in the model,
maximum operating emissions were used where available, or conservative estimates from published literature
- known to have been developed so as not to underestimate effects - were used. The maximum of the 43,824
hourly, and 1,826 daily modelled concentrations for each of the receptors considered were used in the
assessment.

EIS-03-92

 Section 11;
Effects
Prediction
 Section 11.3
Significance of
Residual Effects

Information Request:
Explain how confidence in the prediction of effects, as well as the confidence in prediction of the significance
of adverse effects, were estimated and justified.
Context:
EIS G uidelines Section 11 s tates, “ The proponent must i ndicate the de gree of uncertainty in predicting t he
environmental effects identified.”
Table 7.1-1 of the EIS (page 7-3) does not contain provision for expressions of confidence in the predictions
produced by the ev aluation meth ods r epresented by the tab le. Provision of information r egarding pr ediction
confidence is required to evaluate the defensibility, scientific credibility and completeness of the assessment.
The as sessment of pr ediction c onfidence r equires in put fr om unc ertainty ana lysis c onducted for m odelled
effects in each of the biophysical and socioeconomic components.
The expression of prediction confidence must explain the balance achieved between the precautionary
principle and the use of realistic assumptions in all predictions.
OPG Response:
Confidence in Prediction of Effects
In predicting the effects of the DGR Project on the environment, consideration was given to how uncertainty in
the prediction methods could affect the predicted effects. Where possible, potential effects were predicted in
a conservative manner so as to over-estimate the significance of those effects. In addition, the significance
was based upon the maximum predicted effects. This approach is consistent with the EIS Guidelines, which
indicate the assessment should be conducted using a precautionary approach (see also response to IR
EIS-03-44). As a result, there is a high level of confidence that the effects of the DGR Project will be less than
the predicted effects presented in the Environmental Impact Statement (OPG 2011).
Uncertainty in the long-term safety of the repository was considered in three categories: scenario, model and
data. Scenario uncertainty was addressed through considering a range of scenarios comprising an expected
(high probability) Normal Evolution Scenario, and four low probability disruptive/”what if” scenarios. Model
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uncertainties (conceptual and mathematical) and data uncertainties were addressed through the evaluation of
a set of deterministic calculation cases that were designed to bound the effects of these uncertainties. In
addition, probabilistic calculations for key dose contributing radionuclides were undertaken to investigate
sensitivity of consequences to assumed release and transport parameters. The results of these analyses are
presented and discussed in the PSR (Section 8.8) and its supporting technical reports. A series of measures
were followed to build confidence in the postclosure safety assessment and its results (see Section 7.4 of
Quintessa et al., 2011).
The Descriptive Geosphere Site Model (DGSM) (OPGa 2011; Sections 3.15, 4.16 and 5.11) and Sykes, et. al
2011 (Section. 7.4) provide a discussion of confidence in data sets and predictive numerical simulations used
to support the understanding of groundwater system evolution and realization by Safety Assessment. With
respect to the DGSM, confidence statements in the data sets or observations that support the descriptive
geologic, hydrogeologic and geomechanical models are provided at the end of each conceptual model section
(INTERA 2011: Sections 3.15; 4.16 and 5.11). The summary section (INTERA 2011; Section 6) provides an
overview of the three conceptual descriptive models and confidence in model data sets or attributes relevant
to demonstration of long-term DGR safety and performance. An example is provided below for the
Descriptive Hydrogeologic Model (INTERA, 2011; Table 6.2).
Summary of Confidence Assessment in Characterization of Descriptive
Hydrogeological Site Model Properties
Descriptive Hydrogeological Site Model
Property
Rock densities
Liquid and total porosities
Gas saturations
Gas-brine flow properties
Diffusion properties
Porewater characterization – Na, B, Cl, Br, TDS
Porewater characterization – Ca, Mg, K, Sr, SO4
Porewater characterization – δ18O, δD, d
Porewater characterization – CH4, Sr and CH4
isotopes
Porewater characterization – CO2 and CO2
isotopes
Porewater characterization – He and He isotopes
Porewater characterization – radioisotopes – 14C
Porewater characterization – radioisotopes – 36Cl,
129I

Confidence in Property
Characterization
High
Moderate
Low
Low to Moderate
High
Moderate
Low
High
Moderate to High
Low
Low to Moderate
High
Low to Moderate
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Formation hydraulic properties – K horizontal, K
vertical
Formation hydraulic properties – specific storage
Formation pressures and environmental heads –
underpressured
Formation pressures and environmental heads –
normal and
overpressured
Groundwater flow directions and gradients in
bedrock aquifers Devonian
Groundwater flow directions and gradients in
bedrock aquifers – Salina Upper A1 Unit, Guelph
and Cambrian

High, Moderate
Moderate
Low and High
High
High
Low to Moderate

Similarly, Sykes et. al. 2011 provides a description of confidence with respect to groundwater system stability
and resilience on time frames and space scales required to assess DGR performance. The modelling
strategy included parameter perturbation analyses and the use of alternative numerical models (4) that
honoured laboratory and field data obtained during site characterisation activities. The confidence
assessment is based on the sum of more than 35 numerical simulations performed at site, regional and basin
scales to explore phenomena influencing bedrock formation barrier integrity. In particular the assessment,
described in more detailed throughout Sykes et. al. 2011(Section 7), notes that despite uncertainties
confidence is high in a broad number of areas including:





Transport within the Ordovician sediments is diffusion dominated. This diffusion dominant regime
has been insensitive to glacial perturbations;
Within the sedimentary sequence there are multiple formation barriers. These barriers include: i) the
Ordovician sediments that create long travel paths to the Cambrian and Guelph aquifers; ii) the
Silurian Salina Formation, which confines the A1 aquifer, in which mass transport is diffusion
dominant; and iii) the dense groundwater/pore fluids beneath the Bass Islands Formation that
contribute to a stable and stagnant groundwater system; and
Transmissive vertical/sub-vertical fractures connecting the Cambrian and Guelph Formations do not
occur in the immediate vicinity of the DGR.

These results are further supported by site-specific analogues that explore the vertical distribution of
environment tracers and anomalous over- and under-pressures within the Paleozoic sediments. The
interpretation and assessment of these unique site-specific conditions is described, in part, by NWMO 2011
(Section 4.5 and 5.5). The analysis of such analogues in which hydraulic and environmental tracer signatures
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from past perturbations have been preserved is a useful means to instil confidence in overall groundwater
system behaviour and performance despite inherent uncertainties.
Confidence in Prediction of Significance of Residual Effects
Table 7.1-1 of the EIS presents the measures used to assess significance of residual adverse effects. When
assessing significance of predicted effects, the Guidelines (Section 11.3) instruct the proponent to use the
following categories:







magnitude of the effect;
geographic extent of the effect;
timing, duration and frequency of the effect;
degree to which effects are reversible or mitigable;
ecological and social/cultural context; and
probability of occurrence.

Table 7.1-1 is consistent with the above list identified in the Guidelines, with the exception of probability of
occurrence and ecological/social/cultural context. As described below Table 7.1-1, the probability of
occurrence was not explicitly included in assessing residual adverse effects for normal operations, as the
effects were assumed to occur, and the probability of occurrence was conservatively assumed to be 1 (see
also response to IR EIS-03-93).
The ecological and social/cultural context was incorporated in the assessment through the selection of Valued
Ecosystem Components (VECs). By focussing on VECs, it was assumed that all VECs were important from
either an ecological, social or cultural context, and treated thus.
References:
OPG. 2011. OPG’s Deep Geologic Repository for Low and Intermediate Level Waste. Environmental Impact
Statement. Toronto. Canada. (CEAA Registry Doc # 300)
OPGa. 2011. Descriptive Geosphere Site Model. Nuclear Waste Management Organization Report. NWMO
DGR-TR-2011-24. Toronto. Canada. (CEAA Registry Doc # 300)
OPGb 2011. Geosynthesis. Nuclear Waste Management Organization Report. NWMO DGR-TR-2011-11.
Toronto. Canada. (CEAA Registry Doc # 300)
Quintessa, Geofirma and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd. And SENES Consultants Ltd. report for the Nuclear Waste Management Organization
NWMO DGR-TR-2011-25 R000. Toronto, Canada.
Sykes, J.F., S.D. Normani, and Y. Yin. 2011. Nuclear Waste Management Organization Report. NWMO DGRTR-2011-16 2011. (available at http://www.nwmo.ca/dgrgeoscientificsitecharacterization)
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Information Request:
Explain in more detail why the assessment of residual adverse effects does not include probability of
occurrence.
 Provide more detail on the balance used between the precautionary approach and the use of more
realistic assumptions;
 Explain whether standard approaches were employed in the preparation of the EIS when there were
sufficient data to derive a distribution of effects based upon a distribution of exposures (i.e. a standard
percentile or other statistic such as median or average); and
Assemble a set of definitions of “widest, reasonable range of likely environmental effects” for each discipline
and relate each definition to the determination of boundaries between “Low”, “Medium” and “High” effects
level definitions
Context:
The EIS states on page 7-3 that “Probability of occurrence was not explicitly included as a criterion for the
assessment of significance of residual adverse effects. The assessment recognizes the widest, reasonable
range of likely environmental effects without specific regard for their respective probability of occurrence. The
focus is on evaluating the possible impact of such effects on the environment and VECs and the consideration
of feasible mitigation measures that can be incorporate to control, reduce or eliminate the effect.”
The above statement requires much more thorough explanation in order that an evaluation of the defensibility,
reliability and appropriateness of all of the effects assessments/discipline can be conducted.
The framework outlined in The Canadian Environmental Assessment Agency Reference Guide: Determining
Whether A Project is Likely to Cause Significant Adverse Environmental Effects (November 1994), consists of
three general steps:
 Step 1: Deciding Whether the Environmental Effects are Adverse
 Step 2: Deciding Whether the Adverse Environmental Effects are Significant
 Step 3: Deciding Whether the Significant Adverse Environmental Effects are Likely
The EIS Guidelines, Section 11.3 Significance of Residual Effects, requires that: “The proponent must assess
the significance of predicted effects according to the following categories:
 Magnitude of the effect;
 Geographic extent of the effect;
 Timing, duration and frequency of the effect;
Page 143 of 152

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
IR#

EIS Guidelines
Section

Information Request and Response
 Degree to which effects are reversible or mitigable;
 Ecological and social/cultural context; and
Probability of occurrence.”
OPG Response:
In assessing significance, probability of occurrence can be used as a moderating factor. For example, the
significance of a high magnitude effect may be downgraded if there is a low probability of occurrence of the
conditions causing the effect. In completing the assessment for the DGR Project, it was conservatively
assumed that the moderating benefit of probability of occurrence would not be relied upon for those effects
associated with normal operating conditions, either during the site preparation and construction, operations, or
decommissioning phases of the project. That is to say, all effects associated with normal operations were
assumed to have a 100% likelihood of occurrence.
The approach of assuming that all effects associated with normal operations have a probability of occurrence
of 1 is consistent with the Environmental Impact Statement (EIS) Guidelines, which indicated the assessment
should be conducted using a precautionary approach (see also responses to Information Requests EIS-03-44
and EIS-03-92). In assessing the effects of the DGR Project, emphasis was placed on ensuring that the
possible effects were not underestimated. Therefore, a precautionary approach that yielded conservative
effects was used in preference to an approach that would have provided more realistic, but less conservative
estimates.
In keeping with the EIS Guidelines, the assessment of effects for the DGR Project used the precautionary
approach when selecting data for evaluating effects. While sufficient data were generated for some
disciplines, such as air quality, where dispersion modelling relied on hourly wind and meteorological data for a
5-year period from 2005 through 2009 (i.e., 43,824 hours). Rather than picking a statistical percentile of
results, the results were based upon the maximum predictions. In some cases, percentile data have been
identified as being the most appropriate value to use. For example, federal regulators indicated (CEAA and
th
CNSC 2009) that the 90 percentile of the available air quality monitoring data was to be selected and used in
describing background air quality. Therefore, the general approach used in the assessment was to rely on
the maximum values, where there was no explicit guidance for the use of less conservative percentile values.
On page 7-3 of the EIS, the justification for assuming that all effects associated with normal operations have a
probability of occurrence of 1 was that the assessment did not discount the potential impact for effects
associated with conditions that are unlikely, but could potentially occur. This means the EIS places equal
weight and importance in assessing both highly likely and unlikely effects. In considering both highly likely
and unlikely effects with equal weight recognizes “…the widest, reasonable range of likely environmental
effects”. The only possible effects associated with normal operations that were excluded from assessment
were those that were determined not to be plausible, or that would not occur. Effectively, all plausible effects
associated with normal operations were assumed to have a high probability of occurrence (i.e., 1).
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The definitions of the effects levels (i.e., “low”, “moderate”, “high”) are provided in Table 7.1-1 of the EIS for all
effects criteria except magnitude. The definitions for effects levels for magnitude are defined for each of the
disciplines where residual adverse effects are predicted (i.e., Table 7.3.3-1: hydrology and surface water
quality, Table 7.4.3-1: terrestrial environment, Table 7.5.3-1: aquatic environment, Table 7.7.3-1: air quality,
Table 7.8.3-1: noise levels).
In context with the guidance set out in the Canadian Environmental Assessment Agency Reference Guide:
Determining Whether A Project is Likely to Cause Significant Adverse Environmental Effects (CEAA 1994),
the probability of occurrence of the effect (i.e., Step 3) has conservatively assumed to be 1 for those effects
associated with normal operations.
References:
CEAA. 1994. Canadian Environmental Assessment Agency Reference Guide: Determining Whether A
Project is Likely to Cause Significant Adverse Environmental Effects. November 1994
CEAA and CNSC. 2009. Bruce Power New Nuclear Power Plant Project – Review of the Environmental
Impact Statement and Application for a Licence to Prepare a Site. Canadian Environmental Assessment
Agency (CEAA) and Canadian Nuclear Safety Commission (CNSC) Letter to Mr. Duncan Hawthorne, Bruce
Power on March 11, 2009.

EIS-03-94

 Section 11.3,
Significance of
Adverse Effects

Information Request:
Provide a detailed explanation of the hierarchy of criteria used in the decision tree presented in Figure 7.3.3-1.
 Clarify how the decision tree is used for each EIS component (geology, air quality, etc.);
 Explain the absence of the irreversibility criterion from the decision tree;
 Discuss ins tances wher e a diff erent h ierarchy wou ld be ap propriate, d epending upo n the VEC being
considered; and
Explain how uncertainty is recognized, estimated and addressed.
Context:
Page 7-39 of the EIS states: “The level of significance is assigned by using a decision tree model illustrated in
Figure 7.3.3-1. Firstly, magnitude, geographic extent, timing and duration, frequency, and degree of
irreversibility are combined to identify an environmental consequence. Then the social and/or ecological
importance of the VEC being affected is considered to determine significance”.
The above description does not appear to correspond with the way the decision tree is depicted and used in
Figure 7.3.3-1. The Figure implies that there is a hierarchy of criteria, beginning with magnitude, then spatial
extent, then timing and duration, then frequency and then social/ecological importance (not all criteria are
used depending upon the initial magnitude and extent results). Irreversibility does not appear in the decision
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tree.
An explanation of the hierarchy of criteria is required to provide clarity with respect to the logic used in
definition of “significant adverse effect”. There may be instances where a different hierarchy would be
appropriate, depending upon the VEC. This issue requires exploration and discussion. There is obviously a
substantial reliance on professional judgment when using the decision tree. This increases the onus on the
proponent to provide clarity with respect to the use of the decision tree, including demarcations between the
“low”, “medium” and “high” categories, the consideration of uncertainty, confidence in the predictions, and the
rationale behind the particular hierarchy used for each discipline.
Section 11.3 of the EIS Guidelines requires that: “The EIS must contain a detailed analysis of the significance
of the potential residual adverse environmental effects it predicts. It must contain clear and sufficient
information to enable the joint review panel and the public to understand and review the proponent's judgment
of the significance of effects. The proponent must define the terms used to describe the level of significance.”
OPG Response:


In the Environmental Impact Statement (EIS), a decision tree is presented for each discipline in which
residual adverse effects were predicted. These decision trees were presented in the appropriate
subsections within Section 7 of the EIS (i.e., Figure 7.3.3-1: hydrology and surface water quality, Figure
7.4.3-1: terrestrial environment, Figure 7.5.3-1: aquatic environment, Figure 7.7.3-1: air quality,
Figure 7.8.3-1: noise levels). Within each of these disciplines, the decision trees were deemed to be
suitable for assessing all of the Valued Ecosystem Components (VECs) considered with that discipline.



The rationale used for combining the effects using the decision tree is described in Section 11 of each of
the respective Technical Support Documents (TSDs), along with the reasoning for the hierarchy and the
decision framework was provided for each discipline in the respective TSD for which a decision tree was
presented. In the case of human health, a decision tree was warranted because the only residual
adverse effects were of a low magnitude and of a low timing and duration.
The decision tree shown in Figure 7.3.3-1 of the EIS is relevant for assigning significance to the VECs
associated with hydrology and surface water quality only. The hierarchy and order in which criteria were
presented and decisions made with respect to significance were based upon the professional judgment of
the experts conducting the assessment. Section 11.1 of the Hydrology and Surface Water Quality TSD
provides details used for assigning effects magnitudes and combining the effects using the decision tree
shown in Figure 7.3.3-1 of the EIS (Figure 11.1-1 of the Hydrology and Surface Water Quality TSD) to
yield significance.



In the judgment of the experts preparing the Hydrology and Surface Water TSD, irreversibility was not a
criterion that was explicitly considered when assigning significance because it would not have changed
the outcome. That is, an effect that was not permanent would not have been assigned a lower level of
significance than an effect that was considered permanent. While irreversibility was not relied on when
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assigning significance for hydrology and surface water quality (Figure 7.3.3-1), other disciplines (e.g.,
terrestrial environment), did make use of irreversibility in their decision trees. Figure 7.4.3-1 of the EIS
(Figure 11.1-1 of the Terrestrial Environment TSD) clearly shows that irreversibility is an important factor
when assigning significance for terrestrial VECs.


EIS-03-95

 Section 11.4.3,
Groundwater

As described in the response to IR-EIS-03-92, the prediction of effects of the DGR Project on the
environment was generally done in a conservative manner, so as to not underestimate the significance of
those effects. This approach is consistent with the EIS Guidelines, which indicated the assessment
should be conducted using a precautionary approach (see also response to IR-EIS-03-44). Therefore,
OPG is confident that the conservative predictions presented in the EIS are more conservative than
predictions that would have resulted using more realistic estimates plus the possible uncertainties
associated with the prediction methods.

Information Request:
In view of the lack of direct observations on the nature of the surficial deposits under the proposed Waste
Rock Management Area, provide the rationale for the following conclusions:
a) “Dilution by horizontally migrating groundwater will be on the order of 10 times the volume of vertically
infiltrating groundwater." (EIS page7-6)
“... the native till soil also has a very low potential for infiltration (conservatively estimated at 5 to 10 cm/a);
therefore, precipitation that percolates through the rock pile is more likely to flow from the base of the rock pile
to the stormwater management system than it is to infiltrate to the subsurface." (EIS page 7-6)
Context:
Context provided in IR.
OPG Response:
This response is related, in part, to Information Requests (IRs) EIS-03-56 and EIS-03-57.
Geotechnical investigations within the project area during 2011 indicate that it is underlain by at least 10 m of
-10
a low hydraulic conductivity (≈10 m/s), dense glacial till (IR-EIS-03-56) that rest on the bedrock surface.
This glacial till aquitard acts as a natural barrier to vertical groundwater and contaminant migration.
Groundwater velocities within the glacial till are estimated on the order of centimetres per year, vertically
-6
downward. Recharge from the glacial till entering the underlying confined bedrock aquifer (K≈10 m/s) will be
subject to dilution in the confined bedrock aquifer. Qualitative estimates are on the order of a factor of 10.
As part of the response to IR-EIS-03-57 and this IR, 3-dimensional numerical simulations will be performed to
illustrate the potential impact of the Waste Rock Management Area (WRMA) and storm management pond on
the local groundwater system. The numerical simulations will examine the issue of hydraulic mounding
beneath the waste management areas in regards to groundwater movement and potential contaminant
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migration. The results of the numerical assessment will be submitted as an addendum to this IR response.

EIS-03-96

 Section 11.4.3,
Groundwater

Information Request:
Provide data on leachate metal concentrations and pH that m ay be ex pected to reach the gr oundwater table
for the d ifferent waste rock piles. This evaluation must also consider evolution of leachate compositions over
time, both during and after the construction phase. Measurements of nitrates and relevant organic compound
concentrations in the leachate must be included.
Reconcile t he d ifferences i n ex plosive w eights us ed t o pr edict th e b lasting e ffects dur ing s haft s inking a nd
underground operations.
Provide estimates of the type and annual amount of explosives used as well as estimates of the amounts of
residues produced during the construction phase.
Context:
During th e c onstruction phase, t he w aste r ock p iles of t he W RMA w ill be ex posed to infiltration. No
constructed barrier is proposed to isolate the leachate of the waste r ock from the shallow gr oundwater. T he
composition of t he un derlying s urficial de posits is i nferred but not k nown. G roundwater flo w dir ections ar e
uncertain and may be modified by the presence of the 15 m high waste rock pile. The wetlands to the north
east of the WRMA may therefore be impacted by contaminated groundwater.
Blasting effects are evaluated on the basis of an explosive charge of 20 kg (page 7-73) and maximum
explosive weight of 112 and 150 kg per delay period (page 7-122). Estimates of the type and annual amount
of explosives used during the construction period are required to evaluate the transfer of explosives residues
to the WRMA. The anticipated residue concentrations in waste rock materials produced during blasting must
be provided to estimate potential releases to water.
OPG Response:
Temporary and Permanent Waste Rock Piles
3

About 80,000 m (bulked) of overburden and waste rock will be generated during excavation of the two shafts.
These materials are expected to be stored on-site for less than one year in temporary stockpiles. It is
planned to use the overburden and shales to construct berms where shales would be capped with soil
overburden and then vegetated. The dolostones are planned to be used to construct on-site roadways.
3

About 832,000 m of limestone from the excavation of tunnels and rooms at the repository level will be
managed over the long term in the Waste Rock Management Area (WRMA). This waste rock pile will be
covered with a soil cap and vegetated at the time that the DGR facility is decommissioned.
Borehole and geophysical investigations in the vicinity of the WRMA have shown that there is at least 10 m
-10
of dense low-permeability glacial till with a hydraulic conductivity ≈10 m/s overlying the shallow carbonate
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bedrock aquifer (GOLDER 2012, Figure 4, Profile A-A’). This thick till layer will form a substantial natural liner
beneath the aforementioned waste rock piles hence no adverse effects on groundwater quality are likely.
All waste rock storage locations will be stripped of vegetation and topsoil, and then prepared to receive the
waste rock. The base of the waste rock storage areas will be graded to promote drainage towards perimeter
ditches. Thus any precipitation onto the waste rock piles will not pond inside the piles and will be directed to
the perimeter ditches. The perimeter ditching will be located between the waste rock piles and the wetland to
the northeast and this ditching will prevent seepage from the waste rock piles reaching the wetland. The
perimeter ditches drain to the stormwater management pond.
Precipitation, as it infiltrates through the waste rock piles, will generate leachate. However, the native till soil
also has a very low potential for infiltration (conservatively estimated at 5 to 10 cm/a); therefore, precipitation
that percolates through the rock pile is more likely to flow along the base of the rock pile to the perimeter
ditches than it is to infiltrate to the subsurface. Physicochemical processes can result in the adsorption of
some minerals onto soil particles. Further, the footprint area of the waste rock piles that is available for
potential infiltration is a small percentage of the area of the DGR Project site. Thus there will be significant
dilution by horizontally migrating groundwater in the bedrock aquifer as vertically infiltrating groundwater
slowly seeps into the bedrock aquifer.
Estimated Leachate Concentrations
Short-term laboratory leach testing with simulated rainfall was performed on samples of shale, dolostone and
limestone. The concentrations of major elements (sulphate, sodium and chloride), selected dissolved metals,
and pH in the leachate are reported in GOLDER (2011 Section 4.3, Table 5). Salinity of the leachate was
calculated based on conductivity measurements.
The results from this testing were compared to Provincial Water Quality Objectives (PWQOs) to identify
potential contaminants of concern. The results of short-term leaching do indicate a potential for some metals
(boron, aluminum, thallium, cobalt and vanadium) to leach at concentrations slightly above the PWQOs and
two samples had leachate pH greater than the PWQO range. However the short-term test conditions are
considered to be conservative and not fully representative of weathering and other processes likely to occur in
the field over time. The natural processes affecting the rock materials (e.g., dilution, sorption, etc.) are likely
to result in lower concentrations of leached metals than observed in the short-term leach testing.
Blasting during excavation may result in an explosive residue on the waste rock stored in the aforementioned
rock piles. Calculations were performed to estimate the nitrate and ammonia concentrations that may result
as this residue dissolves into water that infiltrates the rock piles. The calculations were based on a series of
assumptions that are documented in GOLDER (2011, Section 4.4). These calculations show that the nitrate
and ammonia concentrations have the potential to be elevated and there is a potential for un-ionized
ammonia to be elevated relative to the PWQOs for these chemical parameters. Again, site specific conditions
(e.g. dilution) will likely result in lower concentrations. Best blasting practices will be followed to limit blasting
residue on the waste rock. Additional information is provided in OPG’s response to IR EIS-03-56. The results
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from the geochemical leachate tests and calculations (GOLDER 2011) are laboratory results. During the
construction phase, the amount of waste rock will increase until the DGR Project is fully developed. During
the operations phase, the concentrations leaching from the waste rock pile are expected to decrease with
time, especially for ammonia and nitrates. The reason is that ammonia and nitrate in the waste rock pile are
not part of the rock but are residuals from the blasting operations that will degrade and leach from the rock
with time.
Explosives Usage
Rock will be excavated in the shafts and in the tunnels and rooms at the repository level by the drill and blast
method. The explosives weights considered in the environmental assessment (GOLDER 2011a, Appendix I,
Section I3) account for a range of powder factors and drill hole densities for both underground development
and shaft sinking. The ranges have been established based on the experience of the Darlington Cooling
Water Intake Tunnel located within the Lindsay (Cobourg) Formation (ONTARIO HYDRO 1983). Explosive
rates were used in the EIS as part of the vibrations assessment (GOLDER 2011a, Appendix I, Section I3). As
stated in Section I3, explosive weights are expected to range between 1.4 and 2.0 kg/m³. Explosive weights
per blast hole would vary between about 10 and 20 kg depending on the diameter of the blast hole being
used. In predicting vibration effects, the charge per delay is of primary concern. The conservative
assumptions for charges per delay were 112 kg/delay for the shaft and 150 kg/delay for the more confined
horizontal underground development.
Based on daily production of waste rock of approximately 2090 tonnes, which would consist of 4 m rounds
blasting 4 times per day, annual explosive usage is estimated to be 380 - 544 tonnes for the above powder
factors.
The most common explosive used in underground mining is ANFO, a mixture of 95% ammonium nitrate and
5% fuel oil, and is very soluble in water. With proper care and attention when handling the explosives it is
possible to minimize concentrations of ammonia and nitrogen that remain with the waste rock. However,
improper use or the application of large amounts of ANFO in underground mining can result in elevated
residual ammonia and nitrogen in the waste rock. The residues from explosive use relied on calculations in
GOLDER (2011, Section 4.4) and are based on a powder factor of 1.4 kg/m³, with 5% of the explosives
remaining residual in the waste rock.
References:
GOLDER. 2011. Results of Geochemical Testing of Rock Samples from the Deep Geologic Repository
(DGR). Technical Memorandum from C. McRae to D. Barker (NWMO) in February 2011. Reference
provided with response to IR Package #2. (CEAA Registry No. 523)
GOLDER. 2011a. Atmospheric Environment TSD. NWMO DGR-TR-2011-02
GOLDER. 2012. OPG’s DGR for Low and Intermediate Level Waste Project Soil Investigation for Proposed
Surface Facilities, Kincardine, Ontario. Document No. 1011170042-REP-G2030-0002.
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ONTARIO HYDRO. 1983. Darlington G.S. ‘A’ C.W. Intake Tunnel, Geotechnical Completion Report, Report
No. 83543.

EIS-03-97

 Section 11.4.8,
Noise and
Vibration

Information Request:
Provide an analysis of the quantitative uncertainties associated with the CadnaA Noise Model used to
evaluate changes in noise levels. Demonstrate how parametric changes (conservative assumptions)
adequately address uncertainties.
Context:
In Table 7.4.1-5, the anticipated changes in the noise levels at ecological receptor sites are evaluated using
the CadnaA Noise Model. Uncertainties are addressed in Table 8.1.1-2 (Atmospheric Environment TSD) by
stating, "Uncertainty associated with emissions is managed by making conservative assumptions".
OPG Response:
The CadnaA Noise Model implemented the ISO 9613 prediction algorithms for outdoor propagation of sound.
The prediction accuracy for the model is ±3 dB for distances up to 1,000 m. For distances greater than
1,000 m, the accuracy has not been established, but it is expected that the predicted levels will be higher than
what will be experienced at the receptor locations.
In predicting noise levels associated with the construction and operations of the DGR Project several
assumptions were made that would result in conservative results. Specifically, the following assumptions
would result in higher noise level predictions relative to what would be expected:





During the construction phases of the Project, all noise sources were assumed to operate
simultaneously for a full hour, every hour. Equipment duty cycle was not considered in the analysis.
Construction noise sources were located in areas that would result in higher predicted noise levels at
receptor locations.
During the operations phase of the Project, directivity effects were not included for most stack type
sources.
Paved areas were considered to be perfectly reflective.

Any shielding provided by the significant amount of treed areas on-site was not taken into consideration when
predicting noise levels at off-site points of reception.
EIS-03-98

 Section 1.3,
Preparation and
Review of the

Information Request:
For both the EIS and the Preliminary Safety Report, provide a table that directs the reader to the relevant
section or sub-section (i.e. 1.1.1) of the referenced volume whenever only the volume is referenced (except
when reference to the whole volume is appropriate). Ensure that cross-references to subsections are also
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provided for all responses to information requests.
Context:
Throughout the EIS and the Preliminary Safety Report, references to the TSDs and other supporting
documents are frequently made by volume only when they should be referring to the relevant sections or
pages in these volumes.
OPG Response:
The Tables attached at the end of these IR responses show the relevant section or subsection of the
referenced volumes in the Environmental Impact Statement and the Preliminary Safety Report. The tables
include detailed references only in those instances where previously the whole volume was referenced
without providing the relevant section or subsection. The instances where referencing the whole volume is
appropriate have not been included in the attached tables.
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Table associated with IR-EIS-03-44 Consideration of Guiding Principles in Defining Criteria for Significance Levels
Discipline
Geology

Precautionary
Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

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

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

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

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

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

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

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

Precautionary
Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Terrestri
al
Environ
ment

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

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

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

Not used in defining
probability.

Precautionary
Approach

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

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

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

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

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

Precautionary
Approach

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

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

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

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Precautionary
Approach

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

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

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

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

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

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

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

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

Air
Quality

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

Not used in defining
probability.

Precautionary
Approach

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Precautionary
Approach

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

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

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

Corresponds to the
frequencies
identified for air
quality.

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

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

Aborigin
al
Interests

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

Not used in defining
probability.

Precautionary
Approach

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Sustainable
Development

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

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

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

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

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

Magnitude

Extent

Duration

Frequency

Irreversibility

Probability

Precautionary
Approach

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

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

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

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

Common definitions
of irreversibility
levels were used for
all disciplines.

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

Sustainable
Development

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

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

Not used in
defining duration
levels.

Not used in defining
frequency levels.

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

Not used in defining
probability.

Traditional
Knowledge

Not used in
defining
magnitude
levels.

Not used in
defining extent
levels.

Not used in
defining duration
levels.

Not used in defining
frequency levels.

Not used in defining
irreversibility levels.

Not used in defining
probability.
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Table EIS 03-51-1: Summary of Waste Treatment and Conditioning Options Used in Other Jurisdictions
Country

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Reference

Finland
(Olkiluoto,
underground
repository)

Combustibles

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

OPG currently compacts some
combustible wastes using low force
compaction.

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

STUK
(2011)

Compactibles

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

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

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

IX resins

Solidified with bitumen into steel drum

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

Not recommended for
OPG’s IX resins.

Sludge

Solidified with bitumen into steel drum

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

Not recommended for
OPG’s sludges.

Large objects

Decontaminated or cut up to fit concrete
overpack.

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

Similar to current OPG
plan.

Misc. metals

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

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

Similar to current OPG
plan.

Combustibles

Low-force compacted into 200 L carbon
steel drums.

OPG currently compacts some
combustible wastes using low force
compaction.

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

Finland
(Loviisa,
underground

STUK
(2011)
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Country

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

repository)

Compactibles

Low-force compacted into 200 L carbon
steel drums.

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

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

IX resins

Solidified with cement into steel drum

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

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

Sludge

Solidified with cement into steel drum

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

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut up to fit 200 L
steel drum

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

Similar to current OPG
plan.

Misc. metals

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

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

Similar to current OPG
plan.

Combustibles

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

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

Similar to current OPG
plan.

Compactibles

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

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

Similar to current OPG
plan.

IX resins

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

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

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

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

Reference

ASN
(2011)
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Country

Germany
(Konrad, planned
DGR, under
construction)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Sludge

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

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

No technical benefit to
switch to this
technology.

Large objects

Cut to fit various sized containers (up to
3
5 m ). May be grouted into container.
Some large objects disposed of as-is.

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

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

Misc. metals

Cut to fit various sized containers (up to
3
5 m ). May be grouted into container.
Some LL metals are melted at off-site
facility into ingots for disposal.
Some metals are supercomapcted in
200 L drums.

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

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

Combustibles

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

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

Similar to current OPG
plan.

Compactibles

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

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

Similar to current OPG
plan.

IX resins

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

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

Not recommended for
OPG’s IX resins.

Sludge

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

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

No technical benefit to
switch to this
technology.

Reference

BMU
(2012)
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Country

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

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Large objects

Decontaminated or cut to fit various
3
sized containers (up to 5 m ). May be
grouted into container.
Some large objects disposed of as-is.

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

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

Misc. metals

Cut to fit various sized containers (up to
3
5 m ). May be grouted into container.
Some LL metals are melted at off-site
facility into ingots for disposal.

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

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

Combustibles

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

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

Similar to current OPG
plan.

Compactibles

Supercompacted in 200 L steel drums
with high force compactor or low-force
3
compactor into 2.5 m steel box, at
nuclear power plant sites.

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

Similar to current OPG
plan.

IX resins

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

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

Not recommended for
OPG’s IX resins.

Sludge

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

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

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or cut and packed into
3
2.5 m steel boxes.
Some stored intact at nuclear power
plant sites (e.g. steam generators)
awaiting future treatment and disposal.

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

Similar to current OPG
plan.

Reference

Japan
(2011)
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Country

Korea
(Wolsong LILW
Disposal Center,
underground
repository, under
construction)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Misc. metals

Some LL metals are melted at off-site
facility into ingots for disposal.
Other LL metals are supercompacted in
200 L steel drums or cut and packed into
3
2.5 m steel boxes.

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

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

Combustibles

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

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

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

Compactibles

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

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

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

IX resins

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

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

Not recommended for
OPG’s IX resins.

Sludge

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

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

No technical benefit to
switch to this
technology.

Large objects

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

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

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

Misc. metals

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

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

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

Reference

Korea
(2011)
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Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Reference

Spain
(El Cabril, surface
vault type
repository)

Combustibles

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

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

Similar to current OPG
plan.

Spain
(2011)

Compactibles

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

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

Similar to current OPG
plan.

IX resins

Solidified in cement into steel drum

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

Not recommended for
OPG’s IX resins.

Sludge

Dried and/or solidified in cement into
steel drum

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

No technical benefit to
switch to this
technology.

Large objects

Decontaminated or placed into
repository intact.

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

Similar to current OPG
plan.

Misc. metals

Some LL metals are supercompacted in
200 L drums. Other metals are grouted
3
into 1.3 m concrete container.

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

Similar to current OPG
plan.

Combustibles

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

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

Similar to current OPG
plan.

Compactibles

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

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

Similar to current OPG
plan.

Sweden
(SFR, underground
repository)

Sweden
(2011)

Page 6 of 11 – Table associated with IR-EIS-03-51 response

Attachment 1 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.
Country

UK
(Drigg, surface
repository)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

IX resins

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

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

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

Sludge

Solidified in cement in concrete or steel
containers

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

No technical benefit to
switch to this
technology.

Large objects

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

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

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

Misc. metals

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

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

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

Combustibles

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

OPG currently compacts some
combustible wastes using low force
compaction.

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

Compactibles

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

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

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

Reference

DECC
(2011)
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USA
(Barnwell, surface
trenches)

Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

IX resins

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

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

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

Sludge

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

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

No technical benefit to
switch to this
technology.

Large objects

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

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

Similar to current OPG
plan.

Misc. metals

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

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

Similar to current OPG
plan.

Combustibles

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

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

Similar to current OPG
plan.

Reference

USDOE
(2011a)
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Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Compactibles

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

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

Similar to current OPG
plan.

IX resins

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

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

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

Sludge

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

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

No technical benefit to
switch to this
technology.

Large objects

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

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

Similar to current OPG
plan.

Misc. metals

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

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

Similar to current OPG
plan.

Reference
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Waste type

Current practice

Applicability to OPG’s DGR

Conclusions

Reference

USA
(WIPP, DGR)

Combustibles

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

OPG currently compacts some
combustible wastes using low force
compaction.

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

USDOE
(2011a)

Compactibles

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

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

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

IX resins

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

Sludge

Solidified in cement in steel containers

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

No technical benefit to
switch to this
technology.

Large objects

Not applicable

Misc. metals

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

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

Similar to current OPG
plan.

USDOE
(2011b)
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References:
ASN. 2011. Fourth National Report on Compliance with the Joint Convention Obligations (see Section B6). Paris, France.
BMU. 2012. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management Report of the
Federal Republic of Germany for the Fourth Review Meeting (see Section D.3.1). Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety. Berlin, Germany.
DECC. 2011. The United Kingdom’s Fourth National Report on Compliance with the Obligations of The Joint Convention on the Safety of Spent
Fuel Management and on the Safety of Radioactive Waste Management (see Sections B.60 to B.79, and Annex L.2). Department of Energy &
Climate Change report URN 11D/854. London, UK.
JAPAN. 2011. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management National Report
of Japan for the Fourth Review Meeting (see Section B4.2), Government of Japan. Tokyo, Japan.
KOREA. 2011. Korean Fourth National Report under the Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management (see Section B3), Ministry of Education, Science and Technology. Daejeon, Korea.
SPAIN. 2011. Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management Fourth Spanish
National Report (see Section D.3). Madrid, Spain.
th

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


Enclosure 1: Revised Figure 5.3.1-1 of the Geology Technical Support Document – associated with IR EIS-03-54 response



Enclosure 2: Soil Investigation Report – associated with IR EIS-03-54 response



Enclosure 3: Public Attitude Research Report – associated with IR EIS-03-71 response



Enclosure 4: Figure for Sampling Locations – associated with IR EIS-03-79 and IR-EIS-03-86 responses



Enclosure 5: Figure for Monitoring Site Location – associated with IR-EIS-03-81 response



Enclosure 6: Figure 1 – associated with IR-EIS-03-85 response



Enclosure 7: Tables for Sediment Radionuclides and Sediment Chemicals – associated with IR EIS-03-86 response



Enclosure 8: Table for References – associated with IR EIS-03-98 response
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ATTACHMENT 2
Attachment to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository
Project for Low and Intermediate Level Waste – Submission of Responses to Information
Request (IR) Package #3”
July 9, 2012
CD#: 00216-CORR-00531-00117

OPG Responses to LPSC Information Requests in Joint Review
Panel IR Package# 3

Attachment 2 to OPG letter, Albert Sweetnam to Dr. Stella Swanson, “Deep Geologic Repository Project for Low and Intermediate Level Waste –
Submission of Response to Information Request (IR) Package #3”, CD#: 00216-CORR-00531-00117.

OPG Response to the Joint Review Panel LPSC Information Request Package #3
IR#

NSCA
Regulations
Section #

LPSC-03-56

Class 1 Nuclear
Facility
Regulations
(C1NFR), Section
5(d),

Information Request and Response

Information Request:
Provide justification as to why (beyond cost) an engineered backfill material has not been considered for use
during the operational and/or closure stages of the repository as a means of reducing eventual overbreak
within and/or damage to repository rooms and pillars, as has been predicted to occur.
Provide justification for the statement in Table 3.4.10-1 of the EIS (page 3-57), Technical heading column,
Backfill Repository alternative that: “backfill leads to higher repository gas pressures in the long-term”.
Context:
Backfill will be used in the shafts to restrict both upward contaminant flow and to mitigate shaft wall damage
and enlargement of the excavation damage zone. No similar use of backfill is contemplated within the
emplacement rooms where failure of the roof, walls and pillars is anticipated in the very long term. The failed
excavation rock is eventually anticipated to fill void spaces within these rooms with bulked rock that will
thereafter restrict further wall damage and extension of the damage zone once all voids are occupied.
No consideration has been given to use of backfill during the operational and closure phases of the DGR
within emplacement rooms. Reduction of voids will reduce potential wall closure and thus extension of the
excavation damaged zone that would serve as a primary route for contaminant outflow.
OPG Response:
Use of engineered backfill within the emplacement rooms was considered for the DGR. The primary reason
for not including backfill is long-term safety.
A summary discussion of the pros and cons of backfilling are discussed as part of Section 8.8.5, of the
Preliminary Safety Report. In particular:
8.8.5.2 Backfilled Repository
The reference design is to emplace the packages in emplacement rooms but not to backfill these
rooms. The advantages of not backfilling are reduced cost, reduced worker dose and greater
retrievability during operations, and increased space for gas during postclosure. The option of
backfilling the DGR has been investigated through the NE-BF case. In this case, the effective void
space in the repository panels is reduced to 30% of the reference value.
The results indicate appreciably higher gas pressures within the repository initially. The gas pressure
is sufficient to force free gas up the shafts, although this gas is captured by the relatively permeable
Guelph Formation and does not reach the shallow groundwater zone or surface. The gas pressures
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may approach lithostatic pressure based on conservative, non-water-limited calculations; however
lower pressures around hydrostatic pressure are predicted with water-limited calculations.
The implications of backfilling on the postclosure safety are analyzed in more detail in the Postclosure Safety
Assessment supporting reports. In particular, the quantitative assessment of gas generation and pressure, in
addition to contaminant transport, is provided in the NE-BF scenario, in which the repository is assumed to be
backfilled. The results of this case are provided in the Section 7.3.5.2 of the Postclosure Safety Assessment
report (QUINTESSA et al. 2011), with the detailed modeling described in Section 5.14 of the Gas Modelling
report (GEOFIRMA and QUINTESSA 2011).
In summary, the very low permeability of the enclosing host rock prevents gas migration. As a consequence,
the void space within the repository is used to accommodate the gas generated by the long-term, slow,
anaerobic degradation of the waste packages (organics and metal). If the repository is backfilled, then the
available void space in the repository would be reduced by about a factor of three (nominal void space of
~30% for gravel fill, for example). Reducing volume results in a corresponding higher gas pressure within the
repository. For long-term safety, it is better to provide more space to ensure that gas pressures remain low
even if all wastes are decomposed into gases.
It should be noted that structural backfill placed within the lateral openings will not materially improve the
ability of the DGR to contain and isolate waste. The backfill itself would be sufficiently permeable so as not to
restrict mass transport or allow the EDZ to become a path of least resistance (i.e., primary transport pathway).
As a consequence, the addition of backfill would not be anticipated to improve DGR performance or the safety
case.
Structurally, the repository is stable without backfill. This is due in part to the high strength of the host
Cobourg Formation, the alignment of the emplacement rooms with the principal stress regime, and sufficient
rock thickness in the room floor, pillars and roof relative to the adjacent rock formations (e.g., the pillars
between rooms are twice as thick as the excavated rooms; the central pillar between panels is 40 m thick;
minimum thickness of floor cover is 9 m above the Sherman Fall Formation). Long-term geomechanical
calculations show that rockfall will occur, but it will be a very slow process over many thousands of years
(PSR, Section 4.5.4.3; NWMO 2011, Sections 6.4.4 and 6.4.5; and ITASCA 2011, Sections 5 and 6). In a
worst case, with time the rockfall rubble will fill the available space and become self-stabilizing since it will
take up more volume than undamaged rock. All postclosure safety assessment analyses assume that this
rockfall occurs and explicitly account for it in the parameterization of the models. The calculations show that it
does not have an impact on long-term safety due to the thickness and low permeability of the overlying rocks.
In the reference design, the tunnels around the base of the shafts are backfilled with a concrete monolith.
This provides a solid base to ensure the long-term stability of the shaft seals.
References:
GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma
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Engineering Ltd. and Quintessa Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR2011-31 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
ITASCA. 2011. Long-Term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMO. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
QUINTESSA, GEOFIRMA and SENES. 2011. Postclosure Safety Assessment. Quintessa Ltd., Geofirma
Engineering Ltd., and SENES Consultants Ltd. report to Nuclear Waste Management Organization NWMO
DGR-TR-2011-25 R000. Toronto, Canada. (CEAA Registry Doc # 300)

LPSC-03-57

C1NFR, Section
5(a),

Information Request:
Provide detailed information regarding specialized boundary blasting techniques that will be applied to all
stages of shaft sinking in order to minimize overbreak or excessive excavation damage zone (EDZ)
generation.
Context:
On page 612, the Preliminary Safety Report states that, for shaft sinking operations: “Drill and blast patterns
will be designed to minimize the damage, or overbreak, of the shaft walls … (and will) optimize drill patterns,
explosive types and powder factors to achieve this requirement.”
The use of proper delay sequencing and low energy shearing holes to minimize boundary fracturing is
mentioned in the description of underground opening development on page 614. However, this has not been
explicitly stated for the shaft sinking procedures where it is very important to minimize overbreak and
extension of the EDZ.
OPG Response:
The controlled drill and blast processes intended for lateral development (e.g., optimized drill patterns, delay
sequencing, explosive selection and use of low energy perimeter/shear holes, etc.) will also be used in the
development of the shafts. The variation of shaft configurations (e.g., drill patterns, drill hole density,
explosives, etc.) is expected to be greater than in the underground development to address the various strata
through sinking. Particular care will be exercised in the development through the shales to minimize
overbreak and EDZ development within the shaft walls. The upper portions of the shaft, which do not have
the same long-term closure impacts or requirements, will provide the opportunity to modify designs to
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optimize performance.
Detailed drill and blast designs have not been developed at this point of the design. Additional supporting
information from the shaft pilot hole program, shaft liner design, geomechanical modeling and ground support
design will be required. Further development and finalization of the controlled drill and blast design and
implementation will be conducted with the shaft sinking contractor after the shaft sinking contract has been
awarded.
Excavation performance will be monitored through the Geoscientific Verification Plan (NWMO 2011), as well
as, the geotechnical and rock monitoring plan that is under development. Data received from these
programs, as well as observational monitoring, will be used to further optimize excavation performance during
development.
Reference:
NWMO. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc# 300):
LPSC-03-58

C1NFR, Section
5(a),

Information Request:
Indicate how a 500 mm thick annulus of rock immediately at the shaft surface will be excavated to remove any
damaged rock during shaft decommissioning procedures and prior to shaft seal placement without creating
new or additional damage to the newly-exposed surface rock.
Provide explanation as to why new rock bolts and concrete liners must be emplaced following removal of the
500 mm thick annulus of rock existing about the shafts to support a concrete liner.
Context:
During shaft decommissioning, shaft support structures will be progressively removed and “an additional 500
mm of host rock will be excavated beyond the initial shaft diameter to remove any damaged rock that may
have formed during shaft sinking and the operational period of the DGR.” (Preliminary Safety Report, page
657).
No information is provided as to how the 500 mm (0.5 m) annulus of damaged host rock will be removed prior
to shaft seal installation without creating additional damage to the rock surface by the process of removal. No
procedure for its removal has been proposed. Should standard blasting be required, this will additionally
damage the rock surface and seal condition. Also on page 657, it is stated that “… shaft support structures
and concrete liners will be removed … (and) Rock bolts will be installed, as required, to support concrete liner
and any newly exposed rock where the liner has been removed …”
Consideration is being given to rock bolt and concrete liner installation in order to support newly exposed
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rock. This requires explanation and justification.

OPG Response:
Mechanical excavation methods will be used to remove the assumed 500-mm-thick annulus of highly
damaged rock. By using mechanical excavation, the extent of the highly damaged rock required to be
removed can be variable as opposed to set drill and blast patterns.
Shaft sealing materials will be placed in approximately 490 m of each shaft (see Figure 13-2, Arrangement of
Shaft Seal Components, in the Preliminary Safety Report). Nearly 60% of this portion of shaft will be located
in shale with the 200-m-thick sequence of rock immediately above the repository being entirely shale.
Mechanical methods (e.g., roadheader and rock boring technology) are commonly used to excavate shale.
The unreinforced concrete liner and the nominal 500-mm-thick annulus of damaged rock will be removed from
the base of shaft upwards in controlled lifts. The lifts are expected to be 10 to 20 m in length. It has been
conservatively assumed that rock bolts will be installed through the concrete liner immediately above each 10
to 20-m-long lift to provide support to the in-situ liner and to ensure worker safety. Prior to start of
decommissioning, analysis will be performed to determine whether or not these rock bolts are required for
supporting the “hanging” concrete liner. There is no additional concrete liner installed as part of the
decommissioning activities.
Similarly, it has been conservatively assumed that new rock bolts will be installed, as required, into the
exposed rock as the concrete liner is removed. These new rock bolts would supplement or replace any old
rock bolts that were installed at time of shaft sinking (i.e., rock bolts installed for initial rock support prior
concrete liner construction). Rock support for the 10 to 20 m of exposed rock would be required to ensure
safe working conditions while workers remove damaged rock and place shaft sealing materials.
LPSC-03-59

C1NFR, Section
5(e),

Information Request:
Indicate whether hard-wired emergency telephone systems will be installed in any portable refuge station
sites underground.
Context:
In Section 6.2.4.2 of the Preliminary Safety Report, it is stated that hard-wired emergency phones will be
installed at the main surface control room, main and ventilation shaft stations and at each refuge station
(presumably adjacent to each shaft station).
OPG Response:
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Hard-wired emergency phones will be installed at each refuge station as a back-up system to ensure
communications with surface, as required by the Ontario Occupational Health and Safety Act and Regulations
for Mines and Mining Plants 854/90, Section 26. This includes portable refuge stations located in the panel
access tunnels (refer to response to IR-EIS-03-60).
LPSC-03-60

C1NFR, Section
5(d),

Information Request:
Describe how emergency egress by personnel working underground can be made via the ventilation shaft,
should main shaft access be denied. Specifically, what egress is available to personnel who may be working
within the emplacement room panels should main tunnel access back to the main shaft become blocked?
Provide descriptions of access and egress routes that will be developed for the diesel fuel bay, maintenance
shop and storage facility in the services area (Figure 6-14, page 323) to permit two-way directional movement
towards refuge stations in case of route blockage during occupancy of these work sites
Context:
During operations, emplacement rooms will be empty, active or filled. While these rooms are empty, it is
stated that “the flow-through ventilation system provides egress from both sides of the emplacement rooms”
(page 365). However, during placement and after, at the downstream end of each room (closest to the
ventilation return air drift/tunnel), as shown in Figure 6-21 (page 334), the only opening into the ventilation
tunnel will be by an airflow regulator.
It appears that there is no possible escape route for personnel to travel directly to the ventilation shaft other
than by travelling back to the services area. That is, there is only one escape route.
OPG Response:
For personnel working underground, two emergency egress routes are maintained to surface; the main and
ventilation shafts. In addition, a 50-person permanent refuge station is located in the shaft services area and
portable refuge stations in the emplacement panels (see the response to IR-EIS-03-60) in the event personnel
need a waiting area underground with an independent supply of breathing air and supplies.
The repository layout takes into account the requirement for multiple means of egress. As described in the
response to IR-EIS-03-53, the use of panel access tunnels and the exhaust ventilation tunnels provides two
means of exiting the emplacement panels. In the event that a panel access tunnel is blocked, access to the
exhaust ventilation tunnel is through the end-wall of designated “empty” emplacement rooms. (Note: Figures
6-21 through 6-25 in the Preliminary Safety Report were developed to illustrate the ventilation flow in the
emplacement rooms and only showed the end-wall louver system. Personnel access doors will be placed in
each of the emplacement room end-walls for egress purposes.) Should egress from Panel 2 be via the
exhaust ventilation tunnel, access to the shaft area can then be through continuing along the exhaust
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ventilation tunnel or through Panel 1 access tunnel. There is also the opportunity to seek refuge in one of the
portable refuge stations located in each of the emplacement tunnels.
In the services area (maintenance shop, fuel bay, service bay and storage), the main access to each of the
rooms is from the upstream ventilation side, with exit doors for additional egress leading to the exhaust
ventilation tunnel. If personnel are on the ramp to the shaft bottoms, they can proceed to the loading pocket
or the shaft bottom to gain access to the repository level via access ladders. Egress routes will be marked by
appropriate signage, documented through emergency response procedures and personnel will be trained on
egress through use of emergency drills.
LPSC-03-61

C1NFR, Section
5(i),

Information Request:
Provide confirmation that the DGR will have access to or provision for staffing of two Mine Rescue Teams
(MRT) at all times to respond to fire and rock fall events underground.
Indicate whether the DGR will have two MRT units on site/on call, or whether the two-team requirement will
consist of only one DGR team and one off-site team from a neighboring mine.
Indicate whether provisions have been or will be made by contractual written agreement between the DGR
and an identified local or neighbouring mine to provide MRT assistance in the event of emergency response,
and that such agreements will be viable for the full term of underground operations at the DGR.
Context:
Section 6.9 of the Preliminary Safety Report states: “Although the DGR will provide two teams, reliance on the
neighboring mines in the region will be necessary.”
It also states that, “The DGR requires an emergency response mine rescue team (MRT) to respond to fire and
rock fall events … provided with special training from the Ontario Mine Rescue Division of MASHA …MASHA
requires a back-up team to be on-site … and a third team must be on site before the second (DGR) team can
go underground.”, and “Although the DGR will provide two teams, reliance on the neighboring mines in the
region will be necessary.”
OPG Response:
During the construction phase, mine rescue capabilities will be a combination of DGR project staff, contractor
personnel and Bruce Power Emergency Response (ERT) staff. It is not expected that the project will carry an
on-site complement of 2 responding units, but rather will be supported through on-call response. Bruce
Power ERT staff have participated in initial mine rescue training (Fall 2010) and have expressed an interest in
supporting the DGR mine rescue requirements. The extent of participation has not yet been determined and
will be influenced by the ability of the project and contractor staff to support the requirements themselves.
Further, trained emergency responders can be utilized in mine rescue activities under the direction of a
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trained mine rescue leader.
Additional mine rescue support will be established from neighbouring mines through the establishment of
mutual aid agreements. Although not yet established, discussions with neighbouring mines have confirmed
an interest to support the project as there is reciprocal benefit to their operations.
As part of the Operational Readiness Plan for the DGR, OPG will review options for mine rescue capability
during the operating phase. These options could include a combination of DGR operations’ staff, and a
continuation of anticipated agreements with Bruce Power and neighbouring mines.
LPSC-03-62

C1NFR, Section
5(a),

Information Request:
Provide an assessment of potential solute contaminant transport scenarios through the shaft EDZ.
Explain any measures that are planned or that could be taken during the construction phase to reduce the
extent and severity of the EDZ.
Context:
In the evaluation of potential transport pathways for the Normal Evolution Scenario, consideration is given to
the possibility of solute transport through the shaft seal. A greater concern is transport via the annular EDZ
associated with each shaft. A clearer explanation is required as to how fracture induced diffusion and
advective flow in this zone can be inhibited on a long-term basis
OPG Response:
The Postclosure Safety Assessment explicitly recognizes that transport through the shaft Excavation
Damaged Zone (EDZ) is a potentially important pathway. The shaft EDZ path is therefore included in all
postclosure safety analysis, including Normal Evolution and Disruptive Scenarios. For example, see Section
8.6.2.4 (p.501) and Figure 8-11 of the Preliminary Safety Report (PSR), which show that the EDZ path is
included in the reference model.
For the postclosure assessment, the occurrence and geometry of the EDZ is based on numerical simulations
of DGR shaft stability for a range of geomechanical conditions and long-term loading scenarios (i.e., rock
mass strength degradation, glaciation and seismicity). A description of EDZ simulations is provided in the
Geosynthesis (NWMO 2011a, Section 6.4.3.1) and Long-term Geomechanical Stability Analysis report
(ITASCA 2011, Section 7). The simulations indicate that at 1 Ma (1 million years), the EDZ typically has a
maximum radial extent of 0.6 to 0.7 times the shaft radius. The exception was the Cabot Head Formation
(nominal depth 415 m; thickness 25 m) for which the EDZ was predicted with a radial extent of 1.3 times the
shaft radius. The estimated Cabot Head Formation EDZ extent was assumed along the length of the entire
shaft for all postclosure safety analyses. This is a conservative assumption as vertical mass transport within
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the EDZ would occur in series within the near-horizontally bedded sediments.
The EDZ properties are further informed by review of available data, notably through the Excavation
Damaged Zones Assessment report (FRACTURE SYSTEMS 2011). Table 8-6 of the PSR summarizes the
main shaft EDZ properties, with the complete set summarized in the Postclosure Safety Assessment: Data
report (QUINTESSA and GEOFIRMA 2011, Section 5).
Section 8.8.2.7, and especially Table 8-23 of the PSR, also provides a summary of the different cases in
which sensitivity to shaft EDZ permeability was tested. See in particular the NE-EDZ1 variant case in which
the shaft EDZ permeabilities were increased a further 100x. In this NE-EDZ1 case, the peak dose rates
remained several orders of magnitude below criteria (see PSR, Figure 8-56).
The reference design takes into account the importance of the shaft EDZ, and therefore includes measures to
minimize its extent (discussed below). Taking these into account, the postclosure assessments show that the
shaft EDZ is a factor in the system evolution, but not a dominant contaminant transport pathway. This
reflects, in part, the combination of relative area and permeability of the shaft seals relative to the EDZ, as
well as the general hydraulic conditions within the deep and intermediate groundwater systems, such as the
underpressures in the Ordovician age rock formations. The influence of the shaft EDZ is seen most clearly in
the detailed 3-D gas and groundwater models. For example, see Section 5.1.2, and in particular Figures 5.16
to 5.26, for the Normal Evolution Reference Case in the Postclosure Safety Assessment: Gas Modelling
report (GEOFIRMA and QUINTESSA 2011). These figures show that the flow in the shaft EDZ varies with
time and with rock formation.
Measures to minimize the extent and severity of the shaft EDZ are already included in the planning. In
particular, the shafts will be excavated using a controlled drill and blast process that will be designed to
minimize the formation of the EDZ (PSR, Section 9.4.5.1). Refer to response to IR-LPSC-03-57 for
discussion of controlled drill and blast, and impacts on the development of EDZ.
Decommissioning will also be planned so as to minimize the EDZ. In particular, it is planned to remove the
concrete shaft liner and the adjacent layer of rock (about 0.5 m thick) that would have the most damage by
mechanical methods as described in the response to IR-LPSC-03-58 (also see PSR, Section 13.6.3.1). The
shaft seals would be placed shortly after this shaft liner and rock removal in order to provide support and
minimize further EDZ formation.
It is also planned to measure the EDZ as part of the shaft excavation and monitoring program, see Section
2.14 of the Geoscientific Verification Plan (NWMO 2011b).
References:
FRACTURE SYSTEMS. 2011. Excavation Damaged Zones Assessment. Fracture Systems Ltd. report to
Nuclear Waste Management Organization NWMO DGR-TR-2011-21 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
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GEOFIRMA and QUINTESSA. 2011. Postclosure Safety Assessment: Gas Modelling. Geofirma
Engineering Ltd. and Quintessa Ltd. report to Nuclear Waste Management Organization NWMO DGR-TR2011-31 R000. Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
ITASCA. 2011. Long-term Geomechanical Stability Analysis. Itasca Consulting Group, Inc. report to Nuclear
Waste Management Organization NWMO DGR-TR-2011-17 R000. Toronto, Canada. (available at
www.nwmo.ca/dgrgeoscientificsitecharacterization)
NWMOa. 2011. Geosynthesis. Nuclear Waste Management Organization report NWMO DGR-TR-2011-11
R000. Toronto, Canada. (CEAA Registry Doc# 300)
NWMOb. 2011. Geoscientific Verification Plan. Nuclear Waste Management Organization document NWMO
DGR-TR-2011-38 R000. Toronto, Canada. (CEAA Registry Doc # 300)
QUINTESSA and GEOFIRMA. 2011. Postclosure Safety Assessment: Data. NWMO DGR-TR-2011-32.
Toronto, Canada. (available at www.nwmo.ca/dgrpostclosuresafetyassessmentreports)
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