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EXECUTIVE SUMMARY

Geofirma Engineering Ltd. was retained by Arcadis Canada Inc. on behalf of Canadian Nuclear
Laboratories to complete a 2021 Updated Geosynthesis Report in support of decommissioning of the
current Nuclear Power Demonstration Waste Facility (NPDWF) located in the Town of Laurentian Hills,
Renfrew County, Ontario. Geosynthesis is the geoscientific explanation of the overall understanding of
site characteristics, attributes and evolution (past and future) that are relevant to demonstrating long-
term performance and safety of an undertaking that relies on geoscientific information. For the
decommissioning of the NPDWF, Geosynthesis is the integration and presentation of site geological,
hydrogeological and geomechanical data and information within the broader context of regional
geoscientific data and information, and the detailed data and information available for the nearby Chalk
River Laboratories site, which has been subject to extensive and detailed geoscientific characterization
for waste management purposes for over 40 years. The 2021 Updated Geosynthesis Report is a
revision and update to the initial 2018 Geosynthesis Report (Arcadis Canada Inc., 2018a) and the 2019
Updated Geosynthesis Report (Arcadis Canada Inc., 2019). The 2021 Updated Geosynthesis Report
provides additional geoscientific information and interpretation to address Canadian Nuclear Safety
Commission (CNSC) staff comments on the 2019 Updated Geosynthesis Report, and also includes
results of a soil liquefaction and slope stability assessment of the NPD site (Arcadis Canada Inc., 2021)
under earthquake loading completed in 2021.

This 2021 Updated Geosynthesis Report reviews and presents available site-specific, local and regional
geoscientific data and information as part of defining the geological, hydrogeological and geomechanical
frameworks for the NPDWF site. Geological framework includes information on physiography and
geomorphology, Quaternary geology and history, bedrock geology (lithology and structure, including a
lineament study), and economic geology at site, local and regional scales. Hydrogeological framework
includes information on conceptual groundwater flow systems in the Canadian Shield, hydrogeological
investigations of the NPDWEF site, hydrostratigraphic units, hydrogeochemistry and groundwater quality,
local groundwater flow systems, potable water supplies, and hydrogeological modeling. Geomechanical
framework includes information on overburden geotechnical properties and hazards including
earthquake-induced soil liquefaction and slope instability, intact rock properties, rock mass properties,
major discontinuities and structural features, regional and local in-situ stresses, neotectonics and
paleoseismicity, and regional and local seismicity. Descriptive geological, hydrogeological and
geomechanical models of the NPDWF site are presented based on the geological, hydrogeological, and
geomechanical frameworks. Future evolution of the Nuclear Power Demonstration Disposal Facility
(NPDDF — term that refers to the NPDWF following decommissioning) site is summarized considering
flooding, glaciation, geological disturbances and hazards, and seismic hazard assessment.

Current descriptions of the geosphere generated in the 2021 Updated Geosynthesis Report are
reasonably accurate, best estimates of geological, hydrogeological and geomechanical frameworks
based on utilization of site-specific and off-site regional and local geoscientific data. Current
descriptions of the geosphere at the NPDWEF site, while inevitably including some uncertainty in selected
areas, support and enhance the existing geosphere model as outlined in the current Postclosure Safety
Analysis Report (Arcadis Canada Inc., 2017a) and the conceptual and numerical groundwater flow
models (Calder, 2018; 2019a) that form part of the Postclosure Safety Analysis.
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The 2021 Updated Geosynthesis Report addresses baseline geological and hydrogeological
characterization requirements listed in Appendix B.4 of CNSC RegDoc 2.9.1, using site-specific
geoscientific data or inferred best estimates of site-specific data based on local and regional
understanding.

The 2021 Updated Geosynthesis Report identifies the following geoscientific data uncertainties
considered important to NPDWF site characterization and geosynthesis:

1. Presence and hydrogeological properties of the permeable fluvial sand and gravel layer that sub-
parallels the Ottawa River and extends tile drain capture of overburden groundwater northwest
of the NPDWF,;

2. Hydrogeochemistry and groundwater quality of shallow bedrock; and
3. Geotechnical properties of the soils located north of the NPDWF to support a more rigorous and

reliable assessment of earthquake-induced soil liquefaction and slope stability.

Addressing these identified geoscientific data uncertainties, while beneficial for overall site
characterization and geosynthesis, is unlikely to change the summary and conclusions of this 2021
Updated Geosynthesis Report.
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1 INTRODUCTION

1.1 Background

Canadian Nuclear Laboratories (CNL) is completing an Environmental Impact Statement (EIS) for the
safe decommissioning of the current Nuclear Power Demonstration Waste Facility (NPDWF) located in
parts of Lots 43 and 44 in Rolph Township in the Town of Laurentian Hills, Renfrew County, Ontario.
Following decommissioning, the NPDWEF is referred to as the Nuclear Power Demonstration Disposal
Facility (NPDDF). The purpose of the decommissioning is to ensure a reduction of Canadian legacy
long-term liabilities and elimination of interim waste storage, while reducing worker risk and
transport/waste handling risk (Arcadis Canada Inc., 2017b). The NPDWEF site is located adjacent to the
Ottawa River, about 27 km northwest and upstream of the Chalk River Laboratories (CRL) property at
Chalk River, Ontario. Figure 1.1 shows the location of the NPD and CRL sites.

ZEC Dumoine
Pr
Mattawa m
Deux-Riviéres
Bissett Creek Stonecliffe NPD
B e
Deep River
Daventry
Brent
Chalk River
Radiant
Lake Traverse
h
Petawall Chapeau-. -Waltham
Algonquin Achray 148
Provincial PeritBke
Park e
Davis Mills n 20 km

Figure 1.1 Location of NPD Site

This report presents a 2021 Updated Geosynthesis prepared in support of the NPDDF closure EIS
(Arcadis Canada Inc., 2017b). Geosynthesis is the geoscientific explanation of the overall
understanding of site characteristics, attributes and evolution (past and future) that are relevant to
demonstrating long-term performance and safety of an undertaking that relies on geoscientific
information (Nuclear Waste Management Organization, 2011; Jensen et al., 2009), which in the current
context is the decommissioning of the NPDWF-.

The 2021 Updated Geosynthesis Report is a revision and update to the initial 2018 Geosynthesis Report
(Arcadis Canada Inc., 2018a) and the 2019 Updated Geosynthesis Report (Arcadis Canada Inc., 2019).
The 2021 Updated Geosynthesis Report includes the results of detailed geoscientific characterization
work of the NPD site (Geofirma Engineering Ltd., 2019) undertaken in late 2018 and early 2019, and
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the results of a soil liquefaction and slope stability assessment of the NPD site under earthquake loading
completed in 2021.

For the decommissioning of the NPDWF, Geosynthesis is the integration and presentation of site
geological, hydrogeological and geomechanical data and information within the broader context of
regional geoscientific data and information and the detailed data and information available for the nearby
CRL site, which has been subject to extensive and detailed geoscientific characterization for waste
management purposes for over 40 years. In short, Geosynthesis typically involves placing a detailed
geoscientific description of a particular site within the broader regional geoscientific understanding.

Decommissioning of the NPDWF is proposed to be undertaken using an in-situ approach to contain and
isolate the contaminated systems and components inside the below-grade structure (Arcadis Canada
Inc., 2017b). The below-ground surface structure was constructed at average depths of up to 24 m
below ground surface and 18 m into bedrock. It is proposed that all below-grade areas will be sealed
with grout and concrete from an on-site batch mixing plant. Grouting will involve the process of placing
a mixture of Portland cement, blast furnace slag, sand and water that produces a pourable, concrete-
like mixture to ensure the sufficient filling of voids throughout the facility. All above-ground surface
structures will be demolished and placed into the space below grade prior to final grouting. The footprint
above the nuclear area will be covered with reinforced concrete and the entire NPDDF covered with an
engineered barrier. The existing ventilation stack will be retained as it is currently used a nesting habitat
for chimney swifts. The NPD site will then be restored and prepared for long-term care and maintenance
activities carried out under an amendment of the current decommissioning license.

1.2 Objectives and Scope of Work

The objectives of the work described in this report are four-fold:

1. Completion of a 2021 Updated Geosynthesis Report in support of the EIS for decommissioning
of the NPDWF,;

2. To address and update geoscientific data uncertainties as identified in Table 6.2 of the initial
2018 Geosynthesis Report;

3. Ensuring the 2021 Updated Geosynthesis Report incorporates feedback received from theme
meetings with the CNSC, as well as dispositions to FPTR (Federal Provincial Technical Review)
comments provided on the EIS; and

4. To address CNSC staff comments on the Updated 2019 Geosynthesis Report provided in early
February 2021.

Geosynthesis for the decommissioning of the NPDWF focusses on assembly and review of available
geological, hydrogeological and geomechanical information including detailed historic and recent
geoscientific site characterization information, local geoscientific data, published scientific literature, and
digital mapping from the Ontario Geological Survey, the Quebec Ministry of Energy and Natural
Resources and the Geological Survey of Canada, as well as local and regional geoscientific data
relevant to safety assessment of the proposed undertaking. Given the abundance of relevant
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geoscientific data available for the nearby CRL property, an important element of the Updated
Geosynthesis is assessment of the extent to which local CRL geoscientific data can be used to describe
or infer geoscientific conditions on the NPD property.

Key geoscientific data for the CRL property includes the results of site characterization activities
undertaken by the Canadian Nuclear Fuel Waste Management Program (1976-1986) in support of
geoscientific site characterization research, the Federal Ministerial Siting Task Force (1992-1995) in
support of finding a disposal facility for Port Hope area low-level wastes, and by Atomic Energy of
Canada Ltd./Canadian Nuclear Laboratories (2006-2016) in evaluating the feasibility of a geological
waste management facility at the CRL property for storage of on-site low and intermediate level wastes.

This report distinguishes the 2.4 ha NPDWF which includes the licensed area with fencing from the
larger approximate 382 ha NPD site. For ease of reference, the approximate 260 ha, updated 2019
NPDWF groundwater model domain that includes the NPDWF and parts of the NPD site (Calder, 2019a)
is shown on most local site figures.

1.3 Report Organization

This report is organized by seven sections.

Section 1 provides an introduction summarizing background, objectives and scope of work, as well as
report organization.

Section 2 describes the geological framework for the NPDWF site based on assembly and review of
available regional, local and site geological information and completion of a lineament study. Section 2
discusses physiography and geomorphology, Quaternary geology and history, bedrock structural
geology and lithology, economic geology, and development of a descriptive geological framework based
on these data.

Section 3 describes the hydrogeological framework fo