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STATEMENT OF LIMITATIONS AND CONDITIONS

Limitations

This report has been prepared for Nuclear Waste Management Organization (NWMO) in accordance with the agreement
between KGS Group and NWMO (the “Agreement”). This report represents KGS Group’s professional judgment and exercising
due care consistent with the preparation of similar reports. The information and recommendations in this report are subject to
the constraints and limitations in the Agreement and the qualifications in this report. This report must be read as a whole, and
sections or parts should not be read out of context.

Parts of this report are based on information made available to KGS Group by NWMO. Unless stated otherwise, KGS Group has
not verified the accuracy, completeness, or validity of such information, makes no representation regarding its accuracy and
hereby disclaims any liability in connection therewith. KGS Group shall not be responsible for conditions/issues it was not
authorized or able to investigate or which were beyond the scope of its work. The information provided in this report apply only
as they existed at the time of KGS Group’s work.

Third Party Use of Report

Any use a third party makes of this report or any reliance on or decisions made based on it, are the responsibility of such third
parties. KGS Group accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or
actions undertaken based on this report.
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1.0 INTRODUCTION

1.1 Overview

The Groundwater Monitoring of Shallow Well Network project is part of the Phase 2 Geoscientific Preliminary
Field Investigations of the NWMOQ’s Adaptive Phased Management (APM) Site Selection Phase. As part of the
Phase 2 Preliminary Field Investigations, NWMO has established a shallow groundwater monitoring network
at the two potential candidate sites in Canada. The sites are located in the Wabigoon Lake Ojibway Nation
(WLON)-Ignace Area in Northwestern Ontario and Saugeen Ojibway Nation (SON)-South Bruce area in
Southern Ontario. The objective of this project is to retrieve, on a quarterly basis, measurements of
groundwater pressures and temperatures that are collected on installed dataloggers, and to collect
groundwater samples for chemical analyses. The collection of this information is necessary to evaluate
shallow groundwater system behavior and characteristics.

A separate test plan was prepared for each of the two locations so that details specific to each site can be
properly captured and planned for. The field work for each Site started in the beginning of the third quarter
(Q3) of year 2022, i.e., in the month of July, followed by two additional field events in September and
December 2022. The first field event of 2023 for the South Bruce Site was completed during the first quarter
(Q1) month of March. Then one event in each quarter (Q2, Q3 and Q4 and Q1 of 2024.

Each groundwater monitoring and sampling program involved the collection of groundwater pressure
measurements and baseline groundwater samples from a selection of the 26 permanently installed
monitoring well intervals for each of the 2022, 2023 and 2024 field sampling events. The groundwater
pressure and temperature measurements were recorded with 26 non-vented Solinst Levelogger pressure
transducers (7 overburden wells and 19 bedrock wells) hung in the well on aircraft cable, taking
measurements at 6-hour intervals. The quarterly groundwater testing included the analysis of field
parameters (Table 1), dissolved metals, routine parameters (see Table 2 for the complete list of parameters),
nutrients, iodide, stable isotopes of oxygen and hydrogen (580 and &2H). Other specialized radioactive
isotopes and dissolved ruthenium were sampled and analyzed once in 2022 and once in Q2-2023.

KGS Group prepared a separate annual chemistry report for the data collected in 2022. This annual report
presents the work completed, the data, findings, and analysis for the groundwater chemistry data collected
in 2023 and during Q1 of 2024 from the shallow well network at the South Bruce site.

Scope of Work

The overall objective of the groundwater monitoring and sampling program is to collect groundwater
pressure measurements and baseline groundwater samples from each of the 26 permanently installed
monitoring well intervals over two (2) years, starting in July 2022 until April 2024. Since the data collected
during the 2022 field events as well as their interpretations were reported on in the 2022 annual chemistry
report APM-REP-01332-0450, this report focuses on the data collected from the four field events of 2023 and
one field event of Q1 2024. Hence, the period between Q1 of 2023 and Q1 of 2024 has been defined as the
“current monitoring period” further in this report. However, the current report also incorporates and
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references the interpretations of data trends with time for the “entire monitoring period” (between Q3 July
of 2022 and Q1 of 2024) at the South Bruce site under this project.

The five field events within the current monitoring period were conducted during the months of March, June,
September, and November of 2023, as well as February of 2024. A separate report will present the
groundwater pressure results for the same monitoring period.

Specifically, this report addresses the results of the field and laboratory measurements and groundwater
physicochemical characteristics. The laboratory results of the groundwater samples collected during the
current monitoring period were assessed and analysed to characterize groundwater chemistry at the South
Bruce Site. A total of 61 groundwater samples were collected in 2023 and 10 samples were collected in Q1 of
2024. All samples were analyzed for dissolved metals, routine parameters (see Table 2 for the complete list of
parameters), nutrients, iodide and stable isotopes of oxygen and hydrogen (8§80 and &2H). Other specialized
radioactive isotopes (gross alpha, gross beta, Strontium 87/86 ratio (87Sr/2°Sr), Carbon-13 (8§*3C DIC), Chlorine-37
(86%7Cl) and Carbon-14 (}*C) and Tritium (3H)) and dissolved ruthenium were analyzed only for the samples collected
in Q2 of 2023.

The characterization of groundwater was done based on the chemical composition of major ions. The
software tool AquaChem, by Waterloo Hydrogeologic, was used to visualize and assess the water chemistry.
Groundwater laboratory results were plotted on Durov and Stiff diagrams to visualize physicochemical
characteristics of groundwater and trend analysis for the complete monitoring period. In addition to
concentration of major ions in water, a discussion of trends of concentrations and ratios of stable and
radioisotopes was completed.
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2.0 PROJECT LOCATION

2.1 Land Acknowledgment

It is important to acknowledge that this project was completed on the traditional territory of the Anishinaabe
people of the Saugeen Treaty 45 %, 1836. KGS Group and its subcontractors are grateful for being given the
opportunity to complete work within the area and are thankful for the generations of people who have taken
care of the land for thousands of years.

2.2 Study Area

The South Bruce site is located approximately 7 km north-west of the Town of Teeswater in southwestern
Ontario (Figure 1). This area is in the Western St. Lawrence Lowland that comprises of a gently undulating
land surface and occupies much of southwestern Ontario. The area is covered with a surficial layer of glacial
sediments. The land surface ranges from a maximum of 249 meters above sea level (masl) in the southeast
corner of the Municipality of South Bruce to a minimum of 176 masl along the shore of Lake Huron in the
Township of Huron-Kinloss (Gierszewski & Parmenter, 2022). The regional topography shows a general slope
down towards Lake Huron from southeast to northwest. The municipality of South Bruce and the
surrounding areas are landscaped predominantly with an agricultural land use with terrestrial features such
as valley lands, along with watercourses and wetlands. The Teeswater River is the predominant drainage
feature in the area that flows from east to west in the Municipality of South Bruce, and bends to flow in the
north direction to eventually discharge into the Saugeen River at Paisley (NWMO, 2023).

Within the South Bruce site, a total of seven (7) shallow groundwater monitoring well groups were drilled
and installed in 2021/2022. The seven (7) groups consist of MWO01, MW02, MW03, MWO04, MWO05, MWO06,
and MWO07. Monitoring well group MWO06 contains a separate redrilled well which is designated MWQ09 and
should be considered as part of the MWO06 group. MWO09 was drilled as a replacement for a compromised
interval in MWO6, located approximately 50 m away. It was constructed in late December 2022 and was
therefore not included in the 2022 field events. MWO08 was a potential monitoring well group that did not
proceed with drilling and testing, and therefore will not be further discussed. Six (6) of the monitoring well
groups (MWO02 through MWO07) consist of a standalone overburden monitoring well and three nested
bedrock monitoring wells installed in a single borehole at various depth intervals. One site (MWO01) consists
of a single overburden monitoring well and a single six-inch open bedrock well.

Each monitoring well was instrumented with a non-vented, Solinst Levelogger pressure transducer to
measure and record groundwater pressures and temperatures, and Waterra tubing installed with foot valves.
A single barologger is installed at site SB_MWO01 to measure and record barometric pressures for
compensation of the non-vented pressure transducers. In total, the eight sites subject to this project include

(Figure 1):
e SB_MWO1 e SB_MWO5
e SB_MWO02 e SB_MWO06 (includes MWQ9)
e SB_MWO03 e SB_MWO7
e SB_MWO04
KGS Nuclear Waste Management Organization 3
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2.3 Climate

The study area is subject to a humid continental climate of the warm summer subtype (Dfb under the Képpen
climate classification defined by Kottek et al., (2006)). The closest weather station that exhibits the 1981-
2010 Climate Normal Data is located in Hanover, ON, and is located approximately 14 kms Northeast of the
South Bruce Site (Environment and Climate Change Canada, 2017). The monthly average temperature varies
from -6.8 °Cin January to 19.6 °C in July as per the 1981 — 2010 Canadian Climate Normal (Environment and
Climate Change Canada, 2017). The area receives an average annual rainfall precipitation of 819.7 mm and
271.3 mm of snowfall precipitation, with a total annual precipitation of 1087.1 mm. The wettest months are
July and September (Environment and Climate Change Canada, 2017). The daily temperature and
precipitation data for the period between January 1, 2022, until July 1, 2024, was available from the Mount
Forest (AUT) weather station that is located at about 31 kms Southeast of the South Bruce site and is
presented below on Figure 2:

FIGURE 2: SITE CLIMATE
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2.4 Geology and Hydrogeology

The South Bruce site is located on the eastern portion of the Michigan Basin that consists of laterally
extensive sedimentary rock formations deposited during the Cambrian (485 to 540 million years ago),
Ordovician (444 to 485 million years ago), Silurian (419 to 444 million years ago) and Devonian (360 to 419
million years ago) periods. As the name suggests, the Michigan Basin is centered in the State of Michigan,
United States of America, and extends across southern Ontario (NWMO, 2023). The depth of the Michigan
Basin varies from about 4800 m at its centre, to about 900 m deep at the South Bruce Site, below which
exists a Precambrian (older than 540 million years) basement granitic rock of Canadian Shield. The bedrock is
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overlain with Quaternary sediments that are comprised of sand, clays, and more recent soil deposits (NWMO,
2023).

Shallow sedimentary bedrock aquifers in the region are formed within the fractured bedrock zones which
occur within the upper few metres, to over 100 m of the uppermost sedimentary bedrock formations
(Devonian and Silurian). Transmissive zones for groundwater flow are formed by the network of vertical to
subvertical joints, horizontal bedding plane partings, and paleokarst features that exist regionally within the
upper sedimentary bedrock strata. Thus, groundwater quantity and quality within the shallow bedrock
aquifers varies across the region based on the different chemical and physical characteristics of the individual
bedrock formations, and subregional to regional groundwater flow paths.

The shallow bedrock is the most important source of drinking water in the area and is the primary source for
municipal well water supplies. For this project, seven (7) overburden and nineteen (19) bedrock wells were
drilled and installed at the South Bruce site in 2021, with the addition of a replacement well MW09_BR-B
installed in December 2022. The borehole logs (Geofirma Engineering, 2024) indicate that the overburden
wells are installed within sand, gravel, till and clay overburden deposits, whereas the bedrock wells are
installed within the Devonian Lucas (dolostone), Amherstburg (limestone) and Bois Blanc (limestone)
sedimentary bedrock formations.

KG S Nuclear Waste Management Organization 6
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3.0 METHODOLOGY

3.1 Overview

Monitoring and sampling activities were scheduled to be completed by KGS Group on a quarterly basis. Each
quarterly event within the current monitoring period consisted of measuring static water levels, checking and
downloading all 27 pressure transducers (26 Solinst Leveloggers (water level and temperature) and 1 Solinst
Barologger (barometric pressure)), followed by purging select intervals, measuring water chemistry field
parameters and collecting groundwater samples and submitting them for laboratory analysis. A detailed Test
Plan for the South Bruce site was prepared in advance of the first field event of 2022. The Test Plan outlines
all the equipment, methodologies, criteria, and steps needed to achieve the desired outcomes of the project
within the confines of the approved scope of work.

Wells to be sampled were pre-determined, together with the NWMO project team, in advance of the event.
For each quarterly event, technical work followed the same general procedures as outline below, but were
not limited to:

e Pre-mobilization equipment and material checks.

e Mobilization of all personnel.

e Manually measured the depth to water level before removing and downloading all 27 pressure
transducers, verified that they were in good working condition, field verified the data, and saved data
following the DMP (data management plan) requirements on the field laptop (See Section 3.3).

e Purged selected monitoring wells using the installed Waterra tubing and an electric Hydrolift pump until
purging criteria were met, collected and contained all purge water and disposed of purge water at a
licensed wastewater treatment facility.

e Measured and recorded water chemistry and physical parameters while purging (See Section 3.4).

e Collected one groundwater sample for the quarterly sample analysis package from each purged well
once the purge criteria was met (See Section 3.4 and 3.5).

e Collected three additional QA/QC samples (field duplicate, field blank, and trip blank), where applicable,
as part of the 10% QA/QC requirements (See Section 3.5).

e Submitted samples for analysis to approved laboratories.

e Stored, processed, and prepared transducer and analytical data for analysis and submission to NWMO.

e Prepared separate pressure data and chemistry data quarterly reports.

The steps outlined above are detailed further as pre-mobilization and mobilization activities, fluid pressure
and temperature monitoring, purging and field parameters, groundwater sampling, data assessment and
reporting activities.

3.2 Health, Safety and Environment Activities

While the field team was working on site, the Field Lead/Supervisor held daily tailgate meetings with the field
crew at the beginning of their workday to review the planned work activities, the related health, safety and
environmental issues related to the planned work and specific hazards associated with each task and
mitigation and control measures related to the hazards. All Job Safety Analysis (JSA) forms were updated as
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needed and signed off by the field team. Completed JSAs have been provided with the data package. An
example of some of the specific hazards identified during the field event included:

o Heavy lifting.

e Generator and Hydrolift Pump use including fuel handling and storage.

e Water containment.

e Slips, trips, and falls.

e Hand Tool Safety.

e Use/handling of cleaning detergents, sample preservatives.

e Highway driving.

e Tire punctures from driving on gravel roads, narrow forest road access, and farm field access, etc.

e Wildlife crossings/encounters.

e Travel to and from the work site including safely and respectfully navigating around horse and buggies
on roadways and safely approaching blind hills on the road.

e Handling of preservatives when collecting samples.

e Weather (e.g., heavy rain, thunderstorms, lightning protocols).

No health and safety or environmental incidents occurred during any of the field events. The field lead
conducted a daily environmental inspection at each of the sites using a prescribed checklist. The completed
checklist was included in the data package.

3.3 Fluid Pressure and Temperature Monitoring

Fluid pressure and temperature monitoring was also completed during each monitoring event in 2023-24.
The annual pressure data for the current monitoring period is addressed in a separate report.

3.4 Groundwater Sampling

The collection of groundwater samples comprises a significant portion of the scope of work of this project.
The methodology for conducting the field work is described in the following sections.

3.4.1 SAMPLE LOCATION SELECTION

Monitoring well sample location selection was made in collaboration between the KGS Group project team
and the NWMO project team several weeks prior to mobilizing to the field for each quarterly event. The
rationale for selecting the monitoring wells to be sampled was documented on DQCFO1-Sample Location
Rationale, which provides the criteria and rationale for the sample location selection process. Completed
DQCFO01s were included with the data deliverable package for each quarterly event.

Well selection was done collaboratively and applying selection criteria such as: (i) time of year, (ii) even
sample distribution over time, (iii) site access conditions.

3.4.2 GROUNDWATER FIELD CHEMISTRY EQUIPMENT CALIBRATION
AND DECONTAMINATION

As per the South Bruce Test Plan, KGS Group field staff did a field verification of each piece of equipment at
the beginning of each day. If the instrument was not within manufacturer tolerance ranges when reading the
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calibration standards, then the instrument was re-calibrated in the field using valid National Institute of
Standards and Technology (NIST) certified calibration standards and following the manufacturer’s
instructions. All field verifications and calibrations were recorded on DQCF03-Equipment Calibration Log.
Completed DQCFO03s have been provided with each of the quarterly data deliverables packages.

Certificates of calibration for each instrument used to measure a groundwater parameter in the field and
Certificate of Analysis for all calibration standards have also been provided with each data deliverable
package.

Decontamination and cleaning of each piece of equipment used to measure groundwater parameters was
completed before purging was started as per the test plan. The decontamination process was recorded on
DQCF04-Equipment Decontamination Log every time an interval was purged/pumped. Completed DQCF04s
have been provided with each quarterly data deliverable package.

3.4.3 MONITORING WELL PURGING CRITERIA

The defined criteria agreed to by NWMO for when a groundwater sample can be collected is described in the
South Bruce Test Plan, which describes how purging activities would be completed and the criteria that
should be used to determine when a groundwater sample can be collected. The criteria used for determining
when a sample could be collected must be one of two possible scenarios:

l. Stabilization of Field Parameters: Three consecutive readings that do not deviate more than the
defined ranges as shown on Table 1 below for all field parameters (e.g., pH, electrical conductivity,
temperature, total dissolved solids, turbidity, oxygen reduction potential, fluorescein, dissolved
oxygen, density).

Il. Three well volumes purged: Calculated total volume of water in each monitoring interval is purged
three times before scenario | is observed.

The groundwater chemistry stabilization criteria (Criteria I) are given on Table 1 below and are also provided
on DQCFO5-Field Parameter Data Sheet provided with each quarterly data deliverable package.

TABLE 1: FIELD PARAMETER STABILIZATION TARGETS

Field Parameters Measurement Instrument Units Stabilization targets

. Pyxis Handheld Fluorometer,
Fluoresceine Dye SP-380 ppb <1 ppb Change

. . Polycarbonate Buoyant 3
Hydraulic Density . g/cm N/A
Hydraulic Densometer

Total Dissolved Solids Hanna DiST1 Total Dissolved
. mg/L +10% Change
(TDS) Solids Meter
1+ 10% or £ 5 NTU, if initial
Turbidity Hach 2100Q NTU NTU measurement is >50
NTU
Dissolved Oxygen (DO) YSI 556 Water Chemistry Kit mg/L +10% Change
KGS Nuclear Waste Management Organization 9
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HEGETE (S S Measurement Instrument Stabilization targets
Electrical Conductivity (EC) mS/cm + 10% Change
Temperature Degrees Celsius | 0.5 2C Change

1 0.1 standard pH units

H H unit
P P Change

Oxidation-Reduction

. mV +10% Change
Potential (ORP)

3.4.4 PURGING METHODOLOGY

The South Bruce Test Plan describes how purging of the monitoring well intervals at the South Bruce site was
completed using the dedicated Waterra tubing installed in each nested well standpipe interval. Purging was
completed by attaching the previously installed Waterra ball-valve and tubing to a Waterra Hydrolift Il
mechanical pump, powered by a small portable generator. The Hydrolift pump was set so that a steady flow
rate was achieved so that water quality parameter measurements could be taken to track stabilization
progress in each well to ensure a representative groundwater sample could be collected. The flow rates
ranged between 1.0 and 8.6 L/min. All purge water was diverted into pails and pumped using a battery
powered Whaler pump or poured manually into a 1000 L tote contained in the KGS vehicle. The tote of purge
water was disposed of at one of two licenced facilities that were approved for use by NWMO, mainly at the
Teeswater Concrete Waste Water Treatment Lagoon.

3.4.5 GROUNDWATER PARAMETER MONITORING

As per the South Bruce Test Plan, a flow-thru cell was used with the field verified YSI 556 multi-probe testing
unit that allowed the measurement of water quality parameters every 5 minutes. Water quality parameters
that were not measured using the YSI 556 multi-probe unit were measured with field verified/calibrated
instruments from water collected from the discharge tubing of the flow-thru cell in a clean/decontaminated
plastic cup or instrument-specific sample containers. Field measurements were recorded directly onto
DQCFO5. All completed DQCFO5s and excel files were included with the quarterly data deliverable packages
and reported on in the Quarterly Chemistry Data Reports.

3.4.6 QA/QC OF FIELD DATA

KGS Group completed the QA/QC of the field data that was captured on Data Quality Confirmation Forms
used to capture transducer data at the time of downloading (DQCF02-Transducer Download), equipment
calibration log (DQCF03), verify decontamination of field equipment (DQCF04), collect groundwater
chemistry field measurements (DQCF05) and sample collection logs (DQCF06-Sample Collection Log).

This was completed as part of preparation for each of the quarterly data delivery packages. Each DQCF was
reviewed by a senior reviewer for formatting, consistency of information being recorded, errors in the values
and identification of values that were outside of the expected ranges. Where an error was found that error
was highlighted, and a note was made of the correction. When a reading or value was outside of the
expected range, that value was highlighted either by bolding or the cell was coloured on the DQCF.
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After the review was completed, the DQCF was signed off on by both the person who prepared the DQCF and
the person who verified it.

3.5 Groundwater Analysis

During each of the field programs, KGS Group field staff presented the field parameter measurements
recorded on DQCFO5 to the KGS Group technical lead for verification that the purge criteria had been met
and documented correctly before each sample was collected. Then groundwater sampling was completed by
KGS Group field staff as described in Section 3.5.1 in the South Bruce Test Plan.

The specifics and details for sample collection for all the field events are included on DQCF06 provided with
the quarterly data deliverable packages.

QA/QC blanks were prepared as described in the South Bruce Test Plan by ALS Laboratories LTD. All samples
(including QA/QC samples) were analyzed for the Quarterly and Annual analytical packages as detailed on
Table 2 below.

TABLE 2: SUMMARY OF LABORATORY PARAMETERS

Analysis Group Parameters Analysis Frequency

Aluminum (Al), Antinomy (Sb), Arsenic (As), Barium (Ba),
Beryllium (Be), Bismuth (Bi), Boron (B), Cadmium (Cd), Calcium
(Ca), Cesium (Cs), Chromium (Cr), Cobalt (Co), Copper (Cu), Iron
(Fe), Lead (Pb), Lithium (Li), Magnesium (Mg), Manganese (Mn),
Dissolved Metals Molybdenum (Mo), Nickel (Ni), Phosphorous (P), Potassium (K), Quarterly
Rubidium (Rb), Ruthenium (Ru), Selenium (Se), Silicon (Si), Silver

(Ag), Sodium (Na), Strontium (Sr), Sulfur (S), Tellurium (Te),
Thallium (TI), Thorium (Th), Tin (Sn), Titanium (Ti), Tungsten (W),

Uranium (U), Vanadium (V), Zinc (Zn), Zirconium (Zr)
Conductivity, pH, Alkalinity (Total, as CaCO3), Ammonia (Total, as
N), Bicarbonate (HCO3), Bromide (Br), Carbonate (CO3), Chloride
(Cl), Fluoride (F), Hydroxide (OH), Nitrate and Nitrite as N, Nitrate

R;t:lttlzznatr;d (as N), Nitrite (as N), Orthophosphate-Dissolved (as P), Quarterly
Phosphorus (P)-Total, Phosphorus (P)-Total Reactive, Silica
(SiO02)-Reactive, Sulfate (S04), Total Kjeldahl Nitrogen, Total
Nitrogen
Dissolved . .
Inorganic Carbon Dissolved Inorganic Carbon (DIC) Quarterly
lodide lodide Quarterly
680, 62H Oxygen-18 (6'80), Deuterium (8%H) Quarterly
Ruthenium -
Y . enium Ruthenium — dissolved Annually
dissolved
875y /86Sr, §13C Strontium 87/86 ratio (87Sr/#%Sr), Carbon-13 (8*3C DIC), Chlorine-
37 3 Annually
DIC, 6%°Cl 37 (6%7Cl)
Gross Alpha/
Beta Gross Alpha/ Beta Annually
14C and 3H Carbon-14 (**C) and Tritium (3H) Annually
KGS Nuclear Waste Management Organization 1
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For all quarterly events, all the collected samples were submitted to ALS Laboratories located in Waterloo,
Ontario by KGS Group.

All Certificates of Analysis (COA) (in both PDF and excel file formats), Sample Reception Confirmation (SRC)
forms, Chain of Custody (CoC) forms, and electronic data deliverable (EDD) files have been provided with the
data deliverable packages from each quarterly event.

3.5.1 QA/QC OF LABORATORY RESULTS

KGS Group completed a verification of the laboratory reports and data sets. Each set of reports and data have
been identified and detailed on DQCFO7-Laboratory Data Quality Confirmation forms and recorded per ALS
work order #. These have been provided with each quarterly data deliverable package. The verification of
the laboratory reports and data sets included the following checklist items:

o All results and data were received from the laboratory.

o All submitted samples requiring analysis were tested.

e Laboratory QA/QC procedures are outlined in the report.

e Laboratory results are in the proper format/unit.

e Laboratory results are in expected/reasonable ranges.

e Laboratory detection limits are correct.

e Chain-of-Custody contains the required information (dates, signatures, etc.).

e Hold time issues are identified.

e Additional notes (such as any other pertinent observations made by the reviewer of the lab reports).

Details regarding the results of the Quality Assurance/Quality Control checks and verifications done for the
2023-2024 analytical data are described below.

Laboratory Results are Reported in the Proper Format/Unit

The laboratory reported the concentration of nitrogen in both nitrate and nitrite ions for each sample
throughout the 2023 monitoring. These concentrations are designated as Nitrate (as N) and Nitrite (as N),
however, these concentrations were converted to nitrate (as NOs) and nitrite (as NO3) ion concentrations by
KGS Group to meet the NWMO project objectives. Overall, the laboratory results for the 2023 data were
analyzed and reported in units and detection limits that met the NWMO project objectives.

Hold Time Exceedances

Table 3 below summarizes the total number of samples and which parameters exceeded the laboratory
recommended hold times for each of the quarterly sample events. Important to note that the hold time for
pH is 15 minutes and was exceeded for all samples submitted to the lab, which is an unavoidable exceedance,
but is mitigated by collecting field measurements with a calibrated pH meter during purging. The field
measured pH results are provided on Table 6.

Possible reasons for a sample to exceed a hold time can be due to travel time to deliver the samples from the
site to the lab, time of travel of a sample between laboratories for specific analysis (i.e. nitrate (as N), nitrite
(as N), Total alkalinity (as CaCOs) or some other issue at the lab, which is detailed on each of the quarterly
DQCFO07 and on Table 3.

KG S Nuclear Waste Management Organization 12
GROUP Groundwater Monitoring of Shallow Well Networks — South Bruce Chemistry Data Annual Report 2023 | Final- Rev 0



0 A9y -|eulq | €207 Moday |enuuy eleq AJ3siway) 39n4g Yinos — SHJOMIBN |9 MO||BYS JO SUII0}UOIA JOIBMPUNOID
uonezijuesiQ yuswaseue|n 31se\ JedPNN

€T

dnoys

SOM

‘sisAjeue ay1 Jo Alpi|eA ay1 129)4e 10U S90p pue (ZT0Z) £-£995-0S| YHM aouepiodde ul sauop sem Aiojeloqe| ayl Ag sejdwes snioydsoyd aaoeas ayy jo Suizasid (T) :910N

sawi]

$92UEpaIX3 awl] P|oH PIOH pPapuawiwodady

S3IONVA3I3IIOX3 dANIL dTOH I7dINVS € 379VL

QUON QUON QUON QUON QUON paywiun He pue J;;
ejag /eyd|y
SUON SUON SUON SUON SUON pauwijun 55015
auo auo auo auo auo Pailiu> pue dedspeay ‘ Py
N N N N N ou 1 pajwWIUN .u_o e
1So8/4S .8
auo auo auo auo auo she PaAjossip =
N N N N N p 08T wniuayny
p3||1yd pue adedspeay .
SUON SUON SUON SUON SUON ou 31 PRI Hz9 ‘Os:Q
QUON QUON QUON QUON QUON shep 8¢ ap1poj|
uoqJe)
QUON QUON QUON QUON QUON shep T s1uesdiou|
panjossia
shep 8z
— SJUBLIINU JBY10 ||V
(1) 'Shdoydsoyd (1) "Shdoydsoyd shep € — €ON
(1) "shdoydsoyd aAnoeal (1) ‘Shdoydsoyd (1) "shdoydsoyd aAnoeal , , sjuaLINN
e101 40} s9jdwes QT SARDES] €303 oNES 9A13083. [B101 404 s9|dwes QT |e101 404 sojdwes g “ON " -¢"0d-ouno pue aunnoy
_ Joj sojdwes QT | |e103 4o} sajdwes €T : shep yT =)V :
shep
87 —03?0IS 1D 4 U9
s|ela N
QUON QUON QUON QUON QUON shep 08T panossiq
¥20Z TO €20T ¥0 €20T €0 €20 20 €20 TO

dnoup
sisAjeuy

AD90TOAOHLIN Gz0z Aenuer | T00-9€8€-2T :SOM




KGS: 22-3836-001 | January 2025 METHODOLOGY

3.5.2 ASSESSMENT OF LABORATORY RESULTS

Assessment of the laboratory data for this 2023 annual report by KGS Group was principally done by
preparation of two distinct geochemistry plots, Durov and Stiff Diagrams. These plots were generated using
AquaChem 11.0.

AguaChem 11.0 is a commercially available software developed by Waterloo Hydrogeologic. The version 11.0
and build 19.22.0516.1 of AquaChem was used to display data by generaterating the Durov and Stiff
Diagrams for the 2022-2024 shallow groundwater quality data for each quarterly sampling event. The Durov
and Stiff plots were used for making interpretations of the groundwater types and trend analysis.

Data Processing: KGS Group received the laboratory data from ALS Laboratories LTD as an Electronic Data
Deliverable file format (.EDD) which was imported into an environmental database management system
called ESdat. The file generated by the lab reporting system consists of three files (a header file in a .xml
format, a sample file in a .csv format, and a chemistry file in a .csv format) compressed in a zip folder. Within
ESdat, the chemistry data was then arranged to be exported into the excel based acQuire import templates
and as the primary data input into AquaChem to generate the geochemical plots.

Durov Plots: Multiple water types can be compared using a Durov plot. AquaChem 11.0 calculates the
milliequivalents per litre (meq/L) of each cation and anion from the laboratory water quality data. The total
cations and the total anions are expected to balance each other, however, there were inequalities in the sum
totals of cations and anions as measured by the laboratory within the accepted margin of error of +/= 10%
difference for majority of the samples. A total of three samples of the seventy-one total samples (including
field duplicate, trip blank, and field blank samples) analyzed by the lab had charge balance error greater than
+/- 10%

On the Durov plots, the cations and anions are plotted on adjacent ternary plots. The intersection of the data
is shown on a central rectangular plot. Side plots show the lab measured pH and conductivity values for each
point. Durov plots can be used to differentiate between different water types, which plot in different sections
of the graph. Similar water types tend to cluster within the same region of the central rectangular plot. The
plot can also be used to infer the origin of the water or mixing processes between water types. Durov plots
can also be used to plot changes in water quality data with time, which could be applied at this site in the
future. Specific Durov Plots grouped by water type (Figures 3 to 5) and grouped by quarter (Figures 6 to 10)
are provided below. All other Durov plots are provided in Appendix A for each set of wells (sites SB_MWO01 to
SB_MWO07, Figures Al to A7), then by depth interval (i.e., A, B, C and Overburden, Figures A8 to A11) and a
compiled plot showing all intervals from all sites on Figure A12.

Stiff Diagrams: Individual water types can be compared using Stiff diagrams that display the relative
concentrations of major ions expressed in milliequivalents per litre (meg/L). The lengths of the polygon sides
illustrate the major ion concentrations, and plots of different shapes indicate different “fingerprints” of water
qualities. Waters of similar type have a similar plot shape and would be generally expected to originate from
the same source. Water can be named using the major cations and anions found on a percentage basis in the
laboratory water analysis, see Table 7.

Stiff diagrams for all samples collected from Q3 July 2022 to Q1 2024 are provided in Appendix B.
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4.0 RESULTS

4.1 Sample Selection

4.1.1 SAMPLE LOCATION SELECTION

As indicated previously, the team selected all monitoring wells to be sampled in the Q1 2023 event except
SB_MWO01, whereas only two monitoring wells SB_MWO02 and SB_MWO03 (seven monitoring well intervals
except SB_MWO03_BR-A) were sampled in the Q2 2023 event. In the Q3 2023 event, the monitoring well
groups SB_MWO01, SB_MWO05, and SB_MWO06 (ten monitoring well intervals total) were sampled, whereas
the monitoring well groups SB_MWO03 and SB_MWO04 (ten monitoring well intervals) were sampled during
the Q4 2023 field event. Monitoring well groups SB_MWO03 and SB_MWO04 (ten monitoring well intervals)
were sampled in Q1 2024. Table 4 below shows which samples were collected during each quarterly event.

TABLE 4: LOCATIONS SAMPLED

Q1 2023 Q2 2023 Q3 2023 Q4 2023 Q1 2024
November
Dates of | February 28 to September 12 to February 27
June 6 to 8, 2023 21to 22,
Event March 5, 2023 15,2023 to 29, 2023
2023
SB_MWO02,
Well SB_MWO03,
SB_MWO01, SB_MWO03 SB_MWO03
Nest SB_MWO04, SB_MWO02 and
- - SB_MWO5 and and and
Group SB_MWO05, SB_MWO03
SB_MWO06 SB_MWO04 SB_MWO06
Sampled | SB_MWO06 and - - -
SB_MWO07
SB_MWO01, SB_MWO01,
Well SB_MWO01, - -
SB_MWO02, SB_MWO02, SB_MWO02,
Nest SB_MW04, - - -
- SB_MWO03, SB_MWOS5, SB_MWO04,
Group SB_MWO01 SB_MWOS5,
SB_MWO04 and SB_MWO06 SB_MWO05
Not SB_MWO06 and - - -
SB_MWO07 and and
Sampled SB_MWO07
SB_MWO07 SB_MWO07
24 10 10
Total groundwater 7 groundwater 10 groundwater groundwater | groundwater
Samples | samples +4 samples + 3 samples + 3 QA/QC | samples +3 | samples + 3
Collected | QA/QC QA/QC samples | samples QA/QC QA/QC
samples samples samples
KGS Nuclear Waste Management Organization 15
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Each well group comprised of three nested bedrock stand pipes (e.g. SB_MWO03_BR-A, SB_ MWO03_BR-B,
SB_MWO03_BR-C), where (A - deep, B —intermediate, and C — shallowest within the nest) and one overburden
standpipe for each (e.g. SB_MWO03_OB-INT), except for the well group SB_MWO01 which comprises of only a
single nested bedrock stand pipe (SB_MWO01_BR-A) and one overburden stand pipe (SB_MWO01_OB-INT).
Purging of the monitoring wells during each quarterly events was completed as per the Test Plan, except that
a sample SB_MWO03_BR-A that was supposed to be collected as a part of the Test Plan during the Q2 2023

event, was not collected due to presence of sediments at the bottom of the well.

4.2 Purging and Field Chemistry

The sections below present the results and a discussion of the purging and field chemistry results from 2023-

24 field events.

4.2.1 FIELD PURGING RESULTS

4.2.1.1 Purge Volumes

A summary of purge volumes corresponding to each quarterly event is shown on Table 5 below, these

measurements are also included on DQCFO5 provided with the data deliverable package of each quarterly

event.

Monitoring Well ID

TABLE 5: PURGING RESULTS SUMMARY

Total Purge
Volume (L)

Purge Method

Purging Results

Purge Criteria Achieved (I or Il)

Field Event

SB_MWO02_BR-A 282 Waterra Pump Il — Three well volumes purged
SB_MWO02_BR-B 223 Waterra Pump Il — Three well volumes purged
SB_MWO02_BR-C 52 Waterra Pump Il — Three well volumes purged
SB_MWO02_OB-INT 42 Waterra Pump Il — Three well volumes purged
SB_MWO03_BR-A 198 Waterra Pump Il — Three well volumes purged
SB_MWO03_BR-B 132 Waterra Pump Il — Three well volumes purged
SB_MWO03_BR-C 72 Waterra Pump Il — Three well volumes purged
SB_MWO03_OB-INT 60 Waterra Pump Il — Three well volumes purged
SB_MWO04_BR-A 270 Waterra Pump | — Field chemistry stabilized
SB_MWO04_BR-B 150 Waterra Pump Il — Three well volumes purged Qt 2023
SB_MWO04_BR-C 86 Waterra Pump Il — Three well volumes purged
SB_MWO04_OB-INT 30 Waterra Pump Il — Three well volumes purged
SB_MWO05_BR-A 257 Waterra Pump Il — Three well volumes purged
SB_MWO05_BR-B 169 Waterra Pump Il — Three well volumes purged
SB_MWO05_BR-C 95 Waterra Pump Il — Three well volumes purged
SB_MWO05_OB-INT 13 Waterra Pump Neither 1)
SB_MWO06_BR-A 264 Waterra Pump Il — Three well volumes purged
SB_MWO06_BR-C 120 Waterra Pump Il — Three well volumes purged
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Monitoring Well ID

Total Purge

Purge Method

RESULTS

Purging Results

Purge Criteria Achieved (I or Il)

Field Event

Volume (L)

SB_MWO06_OB-INT 21 Waterra Pump Il — Three well volumes purged
SB_MWO09_BR-B 300 Waterra Pump Il — Three well volumes purged
SB_MWO07_BR-A 304 Waterra Pump Il — Three well volumes purged
SB_MWO07_BR-B 212 Waterra Pump Il — Three well volumes purged
SB_MWO07_BR-C 102 Waterra Pump Il — Three well volumes purged

SB_MWO07_OB-INT 18 Waterra Pump Il — Three well volumes purged
SB_MWO02_BR-A 272 Waterra Pump Il — Three well volumes purged
SB_MWO02_BR-B 235 Waterra Pump Il — Three well volumes purged
SB_MWO02_BR-C 54 Waterra Pump Il — Three well volumes purged

SB_MWO02_OB-INT 34 Waterra Pump Il — Three well volumes purged
SB_MWO03_BR-A 92 Waterra Pump Purging stopped. No sample collected ? Q2 2023
SB_MWO03_BR-B 128 Waterra Pump Il — Three well volumes purged
SB_MWO03_BR-C 72 Waterra Pump Il — Three well volumes purged

SB_MWO03_OB-INT 53 Waterra Pump Il — Three well volumes purged

SB_MWO01_BR 569 Submersible | - Parameters stabilized
pump

SB_MWO01_OB-INT 14 Waterra Pump Il — Three well volumes purged

SB_MWO05_OB-INT 21 Waterra Pump Purged dry, then recovered to 80%
SB_MWO05_BR-A 252 Waterra Pump Il — Three well volumes purged
SB_MWO05_BR-B 166 Waterra Pump Il — Three well volumes purged Q3 2023
SB_MWO05_BR-C 97 Waterra Pump Il — Three well volumes purged

SB_MWO06_OB-INT 18 Waterra Pump Il — Three well volumes purged
SB_MWO06_BR-A 280 Waterra Pump Il — Three well volumes purged
SB_MWO06_BR-C 131 Waterra Pump Il — Three well volumes purged
SB_MWO09_BR-B 216 Waterra Pump Il — Three well volumes purged

SB_MWO03_OB-INT 56 Waterra Pump Il — Three well volumes purged

Interval not sampled due to sediment
oumos s | | waterspump | MRl ity cocere o
purging.
SB_MWO03_BR-B 148 Waterra Pump Il — Three well volumes purged Q42023
SB_MWO03_BR-C 70 Waterra Pump Il — Three well volumes purged

SB_MWO04_OB-INT 24 Waterra Pump Il — Three well volumes purged
SB_MWO04_BR-A 258 Waterra Pump Il — Three well volumes purged
SB_MWO04_BR-B 147 Waterra Pump Il — Three well volumes purged
SB_MWO04_BR-C 84 Waterra Pump Il — Three well volumes purged
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Purging Results

Monitoring Well ID  Total Purge Field Event

Purge Method Purge Criteria Achieved (I or Il)

Volume (L)
SB_MWO03_OB-INT 65 Waterra Pump Il — Three well volumes purged

Interval not sampled due to sediment ingress
SB_MWO03_BR-A - Waterra Pump and well integrity concerns that may cause
further impacts to the well from purging.

SB_MWO03_BR-B 125 Waterra Pump Il — Three well volumes purged Q12024
SB_MWO03_BR-C 65 Waterra Pump Il — Three well volumes purged
SB_MWO06_OB-INT 22 Waterra Pump Il — Three well volumes purged

SB_MWO06_ BR-A 274 Waterra Pump Il — Three well volumes purged

SB_MWOQ09_BR-B 221 Waterra Pump Il — Three well volumes purged

SB_MWO06_BR-C 130 Waterra Pump Il — Three well volumes purged

Note: (1) Well was purged dry once and sampled 5 hours later that day.
(2) NWMO requested no further purging or attempts to sample at this well due to sedimentation from bottom of well up to
36.8 m depth below top of casing.

4.2.2 FIELD CHEMISTRY RESULTS

KGS Group has reviewed the field chemistry results from all the field events of 2023 and Q1 2024 which
includes a discussion of the results in the sections below.

The results of the field chemistry monitoring results are presented on Table 6 below. These field
measurements were recorded during the purging of each of the well intervals in preparation for collecting a
representative groundwater sample for laboratory analysis and are discussed in the section below.

4.2.2.1 Field Parameters Data Discussion

The groundwater temperature values during the field work ranged between 6.4 and 11.0 °C. The values of pH
in groundwater of the area of study ranges from 7.08 to 8.41, revealing the circumneutral to slightly alkaline
nature of the groundwater.

The values of field EC in samples ranged between 261 and 1515 uS/cm at field groundwater temperatures,
whereas the field TDS values ranged between 216 mg/L and 796 mg/L. To understand the accuracy of field EC
and field TDS measurements, the field EC values were compared against the EC values reported by the
laboratory, whereas the field TDS measurements were compared with the calculated TDS values using the
expression:

TDS = k.ECfielq

Where, TDS is represented in mg/L, “k” is a unitless conversion factor, and EC is represented in uS/cm
(Rusydi, 2018). The value of “k” is derived from the literature to be in the range 0.55 — 0.75 (Hem & Survey,
1985). During the Q1 2023 field event, it was noted that the field TDS values appeared to be slightly lower
than calculated TDS values using a conversion factor of 0.55 (as noted by KGS Group on the acQuire
Importers SB_IMP-29 _SH included with the Q1 2023 Chemistry Data Deliverables).
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There were instances where dissolved oxygen (DO) and turbidity of the samples were higher than expected
or remained elevated after purging three well volumes. Elevated DO and turbidity readings in field samples
that are noted in Table 6 below, correspond primarily with overburden wells (OB-INT).
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4.3 Groundwater Sampling Results

The Q1 2023 event comprised collection of twenty-four groundwater samples, two field duplicates, one trip
blank, and one field blank, for a total of twenty-eight samples. The Q2 2023 event comprised collection of
seven groundwater samples, one field duplicate, one trip blank and one field blank samples, for a total of ten
samples. The Q3 2023, Q4 2023, and Q1 2024 events comprised collection of ten groundwater samples, one
field duplicate, one trip blank, and one field blank sample for a total of thirteen samples from each event.

All samples were submitted for analysis at ALS Laboratories LTD. All sample IDs were provided by the NWMO
Geoscientific Data Management (GDMS) Administrator prior to mobilizing to the field. Table 4 provides a
summary of the total number of samples collected each quarterly sample event and the location of the
samples.

KGS Group has compiled and assessed all the laboratory chemistry data for the reporting period and is
discussed in the sections below.

4.3.1 LABORATORY RESULTS

KGS Group has reviewed the laboratory results from all the field events of current monitoring period and
included an assessment of the hydrogeochemical characteristics of groundwater at the South Bruce site.

4.3.1.1 Concentrations of Major lons

There are many natural factors that can affect the groundwater quality of an area. The primary factors
include the chemical composition and the source of recharge water, the lithological and hydrogeological
properties of the water-bearing geological unit and the groundwater residence time.

The most abundant cations present in water are calcium (Ca), magnesium (Mg), sodium (Na), and potassium
(K). The most abundant anions are bicarbonate (HCOs), chloride (Cl), and sulfate (SO4). Durov plots were
prepared for all samples based on the concentration of these ions and are provided in Appendix A. Durov
plots were also prepared for each quarterly sample event seen on Figures 6 to 10 below. The concentration
of major ions listed above are also shown for reference on all stiff diagrams presented in Appendix B, Figures
B1 to B26.

The groundwater water type is based on the dominant dissolved cation and anion, expressed in
milliequivalents per liter (meg/L). The dominant dissolved ion must be greater than 50% of the total. For
example, the sodium-bicarbonate (Na-HCOs3) type water contains greater than 50% of total cation
milliequivalents as sodium and more than 50% of total anion milliequivalents in water as bicarbonate. If no
cation or anion is dominant, the water is classified as mixed, and the two most common anions (or anions in
decreasing order of their composition) are used to describe the water type.

The results of groundwater sampling for the South Bruce site during monitoring period indicate the following
ranges of constituents: 1.33—144 mg/L for Na, 57.5-173 mg/L for Ca, 20.9-66.4 mg/L for Mg, 0.53-3.6 mg/L
for K, 0.52—-195 mg/L for Cl, 4.42—-457 mg/L for SO4, and 208-526 mg/L for HCOs. The water type of each
sample is provided below grouped by sample location and water type and excludes the trip blank, field blank
and field duplicate samples:
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RESULTS
TABLE 7: WATER TYPES AT THE SOUTH BRUCE SITE
Monitoring Interval Sample ID Sample Event Sample Date (dd-mm-yyyy) Water Type
SB_MWO01_BR_GW0001 Q3-Sept 2022 12-09-2022 Ca-Mg-HCO3
SB_MWO01_BR SB_MWO01_BR_GWO0003 Q4-Dec 2022 16-12-2022 Mg-Ca-HCO3
SB_MWO1_BR_GW0005 Q32023 12-09-2023 Ca-Mg-HCO3
SB_MWO01_OB-INT_GW0001 Q3-Sept 2022 12-09-2022 Ca-Mg-HCO3
SB_MWO01_OB-INT SB_MWO01_OB-INT_GW0002 Q4-Dec 2022 14-12-2022 Ca-Mg-HCO3
SB_MWO01_OB-INT_GW0003 Q32023 12-09-2023 Ca-Mg-HCO3
SB_MWO02_BR_R-B_GW0001 Q3-Sept 2022 16-09-2022 Ca-Mg-HCO3
S5 MW02_BR_R-B SB_MW02_BR_R-B_GWO0002 | 4 pec 2022 13-12-2022 Ca-Mg-HCO3
SB_MWO02_BR_R-B_GW0003 Q12023 28-02-2023 Ca-Mg-HCO3
SB_MWO02_BR_R-B_GW0004 Q22023 06-06-2023 Ca-Mg-HCO3
SB_MWO02_BR-A_GW0001 Q3-Sept 2022 16-09-2022 Ca-Mg-S04-HCO3
SB_MWO02_BR-A_GW0002 Q4-Dec 2022 13-12-2022 Ca-Mg-HC03-504
SB_MWO02_BR-A SB_MWO02_BR-A_GW0004 Q12023 28-02-2023 Ca-Mg-S04-HCO3
SB_MWO02_BR-A_GWO0005 Q2 2023 06-06-2023 Ca-Mg-S04-HCO3
SB_MWO02_BR-A_GW0006 Q2 2023 06-06-2023 Ca-Mg-504-HCO3
SB_MWO02_BR-C_GW0001 Q3-Sept 2022 16-09-2022 Ca-Mg-HCO3
SB_MWO02_BR-C_GW0002 Q4-Dec 2022 13-12-2022 Na-Ca-HCO3
SB_MWO02_BR-C
SB_MWO02_BR-C_GW0003 Q12023 28-02-2023 Ca-Mg-HCO3
SB_MWO02_BR-C_GW0004 Q2 2023 06-06-2023 Ca-Mg-HCO3
SB_MWO02_OB-INT_GW0001 Q3-Sept 2022 16-09-2022 Ca-Mg-HCO3
SB_MWO02_OB-INT_GW0002 Q4-Dec 2022 13-12-2022 Ca-Mg-HCO3
SB_MWO02_OB-INT
SB_MWO02_OB-INT_GW0003 Q12023 28-02-2023 Ca-Mg-HCO3
SB_MWO02_OB-INT_GW0004 Q2 2023 06-06-2023 Ca-Mg-HCO3
SB_MWO03_BR-A_GW0001 Q3-Sept 2022 15-09-2022 Ca-Mg-HCO3
SB_MWO03_BR-A
SB_MWO03_BR-A_GW0002 Q12023 04-03-2023 Ca-Mg-HCO3
SB_MWO03_BR-B_GW0001 Q3-Sept 2022 15-09-2022 Ca-Mg-HCO3
SB_MWO03_BR-B_GW0003 Q2 2023 07-06-2023 Ca-Mg-HCO3
SB_MWO03_BR-B
SB_MWO03_BR-B_GWO0005 Q4 2023 21-11-2023 Ca-Mg-HCO3
SB_MW03_BR-B_GW0006 Q12024 28-02-2024 Ca-Mg-HCO3
SB_MWO03_BR-C_GW0001 Q3-Sept 2022 15-09-2022 Ca-Mg-HCO3
SB_MWO03_BR-C_GW0002 Q12023 04-03-2023 Ca-Mg-HCO3
SB_MWO03_BR-C SB_MWO03_BR-C_GW0004 Q2 2023 07-06-2023 Ca-Mg-HCO3
SB_MWO03_BR-C_GW0005 Q4 2023 21-11-2023 Ca-Mg-HCO3
SB_MWO03_BR-C_GW0007 Q12024 28-02-2024 Ca-Mg-HCO3
SB_MWO03_OB-INT_GW0001 Q3-Sept 2022 15-09-2022 Ca-Mg-HCO3
SB_MW03_OB-INT_GW0002 Q12023 04-03-2023 Ca-Mg-HCO3
SB_MWO03_OB-INT | SB_MWO03_OB-INT_GW0003 Q2 2023 07-06-2023 Ca-Mg-HCO3
SB_MWO03_OB-INT_GW0004 Q42023 21-11-2023 Ca-Mg-HCO3
SB_MWO03_OB-INT_GW0005 Q12024 28-02-2024 Ca-Mg-HCO3
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RESULTS
Monitoring Interval Sample ID Sample Event Sample Date (dd-mm-yyyy) Water Type
SB_MWO04_BR-A_GW0001 Q3-Sept 2022 13-09-2022 Ca-Mg-S04-HCO03
SB_MWO04_BR-A_GW0002 Q4-Dec 2022 14-12-2022 Ca-Mg-S04-HCO3
SB_MWO04_BR-A
SB_MWO04_BR-A_GW0003 Q12023 01-03-2023 Ca-Mg-S04-HCO3
SB_MWO04_BR-A_GW0004 Q42023 21-11-2023 Ca-Mg-S04-HCO3
SB_MWO04_BR-B_GW0001 Q3-Sept 2022 13-09-2022 Ca-Mg-S04-HCO3
SB_MWO04_BR-B_GW0003 Q4-Dec 2022 14-12-2022 Ca-Mg-S04-HCO3
SB_MWO04_BR-B
SB_MWO04_BR-B_GW0005 Q12023 01-03-2023 Ca-Mg-S04-HCO3
SB_MWO04_BR-B_GW0006 Q42023 21-11-2023 Ca-Mg-S04-HCO3
SB_MWO04_BR-C_GWO0001 Q3-Sept 2022 13-09-2022 Ca-Mg-S04-HCO3
SB_MWO04_BR-C_GW0002 Q4-Dec 2022 14-12-2022 Ca-Mg-S04-HCO3
SB_MWO04_BR-C
SB_MWO04_BR-C_GW0004 Q12023 01-03-2023 Ca-Mg-S04-HCO3
SB_MWO04_BR-C_GWO0005 Q42023 21-11-2023 Ca-Mg-S04-HCO03
SB_MWO04_OB-INT_GW0001 Q3-Sept 2022 13-09-2022 Ca-Mg-HCO3
SB_MWO04_OB-INT_GW0002 Q4-Dec 2022 14-12-2022 Ca-Mg-HCO3
SB_MWO04_OB-INT
SB_MWO04_OB-INT_GW0003 Q12023 01-03-2023 Ca-Mg-HCO3
SB_MWO04_OB-INT_GW0004 Q4 2023 21-11-2023 Ca-Mg-HCO3
SB_MWO05_BR-A_GW0001 Q3-Sept 2022 13-09-2022 Ca-Na-Mg-S04-Cl-HCO3
SB_MWO05_BR-A_GW0002 Q4-Dec 2022 15-12-2022 Ca-Na-Mg-S04-Cl-HCO3
SB_MWO05_BR-A
SB_MWO05_BR-A_GW0003 Q12023 02-03-2023 Ca-Na-Mg-S04-Cl-HCO3
SB_MWO05_BR-A_GWO0005 Q32023 13-09-2023 Ca-Na-Mg-S04-Cl
SB_MWO05_BR-B_GW0001 Q3-Sept 2022 13-09-2022 Ca-Na-Mg-HCO03-S04-Cl
SB_MWO05_BR-B_GW0002 Q4-Dec 2022 15-12-2022 Ca-Na-Mg-HCO03-S04-Cl
SB_MWO05_BR-B
SB_MWO05_BR-B_GW0004 Q12023 02-03-2023 Ca-Na-Mg-HCO3-S04-Cl
SB_MWO05_BR-B_GW0005 Q32023 13-09-2023 Ca-Na-Mg-HCO3-S04-Cl
SB_MWO05_BR-C_GW0001 Q3-Sept 2022 13-09-2022 Ca-Na-Mg-HCO03-S04-Cl
SB_MWO05_BR-C_GW0002 Q4-Dec 2022 15-12-2022 Ca-Mg-Na-HCO3-S04-Cl
SB_MWO05_BR-C
SB_MWO05_BR-C_GWO0003 Q12023 02-03-2023 Ca-Mg-Na-HCO3-S04-Cl
SB_MWO05_BR-C_GW0004 Q3 2023 13-09-2023 Ca-Na-Mg-HCO03-S04-Cl
SB_MWO05_OB-INT_GW0001 Q3-Sept 2022 14-09-2022 Ca-Mg-Na-HCO3
SB_MWO05_OB-INT_GW0002 Q4-Dec 2022 16-12-2022 Ca-Mg-HCO3
SB_MWO05_OB-INT
SB_MWO05_OB-INT_GW0003 Q12023 02-03-2023 Mg-Ca-HCO3
SB_MWO05_OB-INT_GW0004 Q32023 13-09-2023 Ca-Mg-Na-HCO3
SB_MWO06_BR-A_GWO0001 Q3-July 2022 27-07-2022 Ca-Mg-HCO3-Cl
SB_MWO06_BR-A_GWO0003 Q3-Sept 2022 14-09-2022 Ca-Mg-HCO3-Cl
SB_MWO06_BR-A SB_MWO06_BR-A_GWO0005 Q12023 01-03-2023 Ca-Mg-HCO3
SB_MWO06_BR-A_GWO0006 Q32023 14-09-2023 Ca-Mg-HCO3-Cl
SB_MWO06_BR-A_GWO0007 Q12024 27-02-2024 Ca-Mg-HCO3
SB_MWO06_BR-B SB_MWO06_BR-B_GW0001 Q3-July 2022 27-07-2022 Ca-Na-Mg-HCO3-Cl
SB_MWO06_BR-C_GWO0001 Q3-July 2022 27-07-2022 Ca-Mg-HCO3
SB_MWO06_BR-C SB_MWO06_BR-C_GWO0003 Q3-Sept 2022 14-09-2022 Ca-Mg-HCO3
SB_MWO06_BR-C_GW0004 Q12023 01-03-2023 Ca-Mg-HCO3
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RESULTS
Monitoring Interval Sample ID Sample Event Sample Date (dd-mm-yyyy) Water Type
SB_MWO06_BR-C_GWO0005 Q32023 14-09-2023 Ca-Mg-HCO3
SB_MWO06_BR-C_GW0006 Q12024 27-02-2024 Ca-Mg-HCO3
SB_MWO06_OB-INT_GW0001 Q3-July 2022 27-07-2022 Ca-Mg-HCO3
SB_MWO06_OB-INT_GW0002 Q3-Sept 2022 14-09-2022 Ca-Mg-HCO3
SB_MWO06_OB-INT SB_MWO06_OB-INT_GW0003 Q12023 01-03-2023 Ca-Mg-HCO3
SB_MWO06_OB-INT_GW0004 Q32023 14-09-2023 Ca-Mg-HCO3
SB_MWO06_OB-INT_GW0006 Q12024 27-02-2024 Ca-Mg-HCO3
SB_MWO07_BR-A_GW0001 Q3-July 2022 26-07-2022 Ca-Mg-HCO3
SB_MWO07_BR-A_GW0003 Q3-Sept 2022 17-09-2022 Ca-Mg-HCO3
SB_MWO07_BR-A
SB_MWO07_BR-A_GW0004 Q4-Dec 2022 16-12-2022 Ca-Mg-HCO3
SB_MWO07_BR-A_GWO0005 Q12023 03-03-2023 Ca-Mg-HCO3
SB_MWO07_BR-B_GW0001 Q3-July 2022 26-07-2022 Ca-Mg-HCO3
SB_MWO07_BR-B_GW0002 Q3-Sept 2022 17-09-2022 Ca-Mg-HCO3
SB_MWO07_BR-B
SB_MWO07_BR-B_GW0004 Q4-Dec 2022 16-12-2022 Ca-Mg-HCO3
SB_MWO07_BR-B_GW0005 Q12023 03-03-2023 Ca-Mg-HCO3
SB_MWO07_BR-C_GWO0001 Q3-July 2022 26-07-2022 Ca-Mg-HCO3
SB_MWO07_BR-C_GW0002 Q3-Sept 2022 18-09-2022 Ca-Mg-HCO3
SB_MWO07_BR-C
SB_MWO07_BR-C_GWO0003 Q4-Dec 2022 16-12-2022 Ca-Mg-HCO3
SB_MWO07_BR-C_GW0004 Q12023 03-03-2023 Ca-Mg-HCO3
SB_MWO07_OB-INT_GW0001 Q3-July 2022 28-07-2022 Ca-Mg-Na-HCO3-Cl
SB_MWO07_OB-INT_GW0002 Q3-Sept 2022 17-09-2022 Ca-Mg-HCO3
SB_MWO07_OB-INT
SB_MWO07_OB-INT_GW0003 Q4-Dec 2022 16-12-2022 Ca-HCO3
SB_MWO07_OB-INT_GW0004 Q12023 03-03-2023 Ca-Mg-Na-HCO3
SB_MWO09_BR-B_GW0001 Q12023 01-03-2023 Ca-Mg-HCO3
SB_MWO09_BR-B SB_MWO09_BR-B_GW0002 Q32023 14-09-2023 Ca-Mg-HCO3
SB_MWO09_BR-B_GW0004 Q12024 27-02-2024 Ca-Mg-HCO3

The predominant groundwater type of the overburden and upper bedrock horizons at the South Bruce site is
Ca-Mg-HCO3 which was the characteristic water type at sites SB_MWO01, SB_MWO02,SB_MWO03, SB_MWO06
and SB_MWAO07. The samples with this water type are primarily from the overburden (OB) and upper bedrock

(intervals C and B). The upper bedrock units were typically Lucas Formation (dolostone) and Amherstburg

Formation (limestone). The resulting water types for the 2023 and 2024 samples are consistent with the 2022

findings. The results are plotted on a Durov plot shown on Figure 3.

The second most observed water type is Ca-Mg- SO4- HCO;3 due to sulphate (SO4) ions being more prevalent

than bicarbonate ions. This water type was observed in samples collected from the bedrock intervals at

SB_MWO04. The results are plotted together on a Durov plot seen on Figure 4.

All other water types were present where higher concentrations of sodium, chloride and sulphate were

found in varying proportions are plotted together on the Figure 5 Durov plot. Higher percentages of chloride

were detected in the SB_MWO06_BR-A monitoring interval, whereas higher percentages of sodium and
chloride were found in the samples SB_MWO06_BR-B, SB_MWO05_BR-C and SB_MWO07_OB-INT intervals.

KGS
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Higher percentages of sulphate (SO4) and chloride (Cl) were also found in samples collected from the
SB_MWO05_BR-B and SB_MWO05_BR-C monitoring intervals during each of the monitoring events.

The Durov plots were used to characterize the samples collected from the South Bruce site according to their
water types (Figures 3 to 5) and then by their sample events (Figures 6 to 10). All other Durov plots are

included in Appendix A (Figures Al to A12).
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Additional Durov plots were prepared for each well site SB_MWO01, SB_MW02, SB_ MW03, SB_ MWO04,
SB_MWO05, SB_MWO06 and SB_MWO7 on Figures Al through A7, respectively in Appendix A. Data was then
grouped by monitoring interval type (i.e., overburden or bedrock) on Figures A8 through A11, respectively in
Appendix A. Finally, all data was grouped and plotted together on Figure A12 of Appendix A. Each sample has
a unique symbol, allowing comparisons over time as well as location.

The specific well site plots can be used to look for any variations in groundwater quality with depth at a single
location and for changes over time. The monitoring interval plots can be used to look at variations with a
single depth interval over the project area. The composite plot (Appendix A-Figure A12) can be used to
summarize the characteristics of the site as a whole.

The major ion concentrations of individual water samples collected from the South Bruce Site in 2022, 2023
and Q1 2024 were also compared using Stiff diagrams that displayed the relative concentrations of major
ions expressed in milliequivalents per liter (meq). Stiff diagrams for the South Bruce Site are included in
Appendix B of this report. The plots are organized by well and then by monitoring interval from overburden
to bedrock intervals C, B and A in order of depth. Each diagram can be “read” by reading down the page and
noting the differences in the plots. A uniform scale was used for all plots for comparison.

Calcium-magnesium-bicarbonate ions are derived from dissolution of the underlying dolostone and
limestone rocks and overburden. Natural sources for higher proportions of chloride, sodium, and sulphate
likely represent dissolution of minor minerals within the same rock formations such as gypsum (calcium,
sulphate) and halite (albeit at depth).

4.3.2 PARAMETERS OF INTEREST

Nitrate: KGS Group observed high concentrations of nitrate (as NOs) in groundwater for the samples listed on
Table 8 below. Generally, elevated concentrations of nitrate are associated with groundwater in the
overburden and upper bedrock. A likely cause of the elevated nitrate levels is agricultural activities through
the use of manure and fertilizer. The area surrounding the South Bruce site is primarily used for agriculture
and could explain the elevated concentration of nitrate found in the overburden groundwater. Elevated
nitrate concentrations were also found in the upper bedrock at MWO02 during the Q4 2022 field event
(MWO02_BR-C_GWO0002), however the concentration at this monitoring well interval was below the
laboratory detection limit on subsequent sampling events.

Elevated nitrate concentrations were also found in the deep bedrock at MW-07 (SB_MWO07_BR-A) for all of
the field events this well was sampled.

TABLE 8: ELEVATED NITRATE CONCENTRATIONS

Monitoring interval Sample ID ‘ Qui::ﬁ;:;r:ple ‘ Nitrat:‘:}i LTEEY
SB_MWO1_OB-INT_GW0001 Q3 Sept 2022 57.15

SB_MWO1_OB-INT SB_MWO1_OB-INT_GW0002 Q42022 39.60
SB_MWO1_OB-INT_GW0003 Q32023 46.07
SB_MWO02_OB-INT_GWO0001 Q3 Sept 2022 36.70
SB_MWO02_OB-INT_GW0002 Q42022 24.90

SB_MW02_OB-INT
SB_MWO02_OB-INT_GW0003 Q12023 22.28
SB_MWO02_OB-INT_GWO0004 Q2 2023 35.48
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Monitoring interval Sample ID ‘ Qui::ﬁ;:;r:ple ‘ Nitrat:‘:}i LTEEY
SB_MWO02_BR-C SB_MWO02_BR-C_GW0002 Q4 2022 7.53
SB_MWO04_OB-INT_GWO0001 Q3 Sept 2022 20.51
SB_MWO04_OB-INT_GW0002 Q4 2022 22.42

SB_MWO04_OB-INT
SB_MWO04_OB-INT_GWO0003 Q12023 24.94
SB_MWO04_OB-INT_GWO0004 Q4 2023 24.63
SB_MWO06_OB-INT_GWO0001 Q3 July 2022 9.78
SB_MWO06_OB-INT_GWO0002 Q3 Sept 2022 11.52
SB_MWO06_OB-INT SB_MWO06_OB-INT_GWO0003 Q12023 9.92
SB_MWO06_OB-INT_GW0004 Q32023 12.05
SB_MWO06_OB-INT_GWO0006 Q12024 14.09
SB_MWO07_OB_INT_GW0003 Q4 2022 2.02
SB_MWO07_OB_INT SB_MWO07_OB-INT_GW0001 Q3 July 2022 2.42
SB_MWO7_OB-INT_GWO0004 Q12023 3.55
SB_MWO07_BR_A_GW0001 Q3 July 2022 5.49
SB_MWO7_BR-A_GW0003 Q3 Sept 2022 5.80
SB_MWO07_BR_A

SB_MWO07_BR-A_GW0004 Q4 2022 6.11
SB_MWO07_BR-A_GW0005 Q12023 5.49

Chloride: In general, chloride concentrations in the monitoring wells SB_MWO01, SB_MW02, SB_ MWO03 and
SB_MWO04 for all depth intervals except SB_MWO01_OB-INT, were below 10 mg/L, and no trend changes with
depth were noted for these wells. Other wells showed variations in concentration with depth. At monitoring
well SB_MWO5, chloride concentration increased between the overburden interval and bedrock interval A for
the entire dataset between Q3 July 2022 and Q3 2023. The monitoring well SB_MWOQ05 was not sampled after
the Q3 2023 field event. For the monitoring well location SB_MWAO06, an increasing trend in chloride
concentration was observed in 2022 from the overburden interval to bedrock interval B; however, bedrock
well interval A had lower concentrations of chloride. This trend has changed slightly for the 2023 data that
implies an increase in chloride concentration from the overburden interval to the deepest bedrock interval at
SB_MWOB6. In contrast, the highest concentration of chloride was observed in the overburden interval at the
SB_MWO07, whereas lower concentrations were observed at the deeper depths within the bedrock aquifer.
The concentrations of chloride remained consistent for observations across all the field events between Q3
July 2022 and Q1 2024. Figure 11 below shows the chloride concentration results by sample and with depth.

Sodium: Like chloride concentrations, sodium concentrations were in general higher (>10 mg/L) in monitoring
wells SB_MWO05, SB_MWO06, and SB_MWAO07 for all intervals except SB_MWO06_OB-INT and SB_MWO07_BR-C
(<10 mg/L). In monitoring well SB_MWO5, chloride concentrations increased between the overburden
interval and bedrock interval A for all data between Q3 July 2022 and Q1 2024. Like the trend observed for
chloride, the monitoring well location SB_MWO06 showed an increasing trend in sodium concentrations from
the overburden interval to bedrock interval B, whereas, the bedrock interval A had lower concentrations of
sodium. In contrast, the highest concentration of sodium was observed in the overburden interval at the
monitoring well SB_MWO07, whereas lower concentrations were observed at the deeper intervals within the
bedrock aquifer. The concentrations of sodium also remained consistent for observations across all the field
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events between Q3 July 2022 and Q1 2024. Figure 12 below shows the chloride concentration results by
sample and with depth.

FIGURE 11 CHLORIDE CONCENTRATIONS WITH DEPTH
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Sulphate: Sulphate concentrations between Q3 July 2022 and Q1 2024 increased from the overburden
interval to the deepest bedrock interval (A) at monitoring well locations SB_MWO02, SB_MWO04, and
SB_MWOS. Like the trend observed for chloride and sulphate, the monitoring well location SB_MWO06
showed increasing sulphate concentrations from the overburden interval to the bedrock interval B, whereas,
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the bedrock interval A had lower concentrations of sulphate. In general, sulphate concentrations were higher
in the bedrock intervals (at levels of few hundred milligrams) in contrast to the overburden interval (less than
100 mg/L). The concentrations of sulphate remained consistent for observations across all the field events
between 2022 and 2024. Figure 13 below shows the sulphate concentration results by sample and with
depth.

FIGURE 13 SULPHATE CONCENTRATIONS WITH DEPTH
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Calcium and Magnesium: No specific trends of concentrations were observed for calcium and magnesium
concentrations at the South Bruce site. The calcium and magnesium concentrations are typical for the
limestone bedrock formation. The concentrations of both calcium and magnesium remained consistent for
observations across all the field events between Q3 July 2022 and Q1 2024.

Alkalinity:

The alkalinity of water is a measure of its acid-naturalizing capacity that maintains a stable pH level of the
water. It is a function of bicarbonate, carbonate and hydroxide concentration levels of the water, and is
expressed in terms of an equivalent quantity of calcium carbonate. The total alkalinity of groundwater at the
South Bruce site is in the range of 200 mg/L (as CaCOs) to 385 mg/L (as CaCOs). The primary contributing
parameter of these concentrations of total alkalinity in all samples is bicarbonate. The bicarbonate-alkalinity
was in the range of 208 mg/L (as CaCOs) to 470 mg/L (as CaCOs) while the carbonate-alkalinity (as CaCOs)
remained below the laboratory detection limit for most of the samples. The highest concentration of
carbonate-alkalinity (as CaCOs) ions was observed in the sample SB_MWO06_BR-A_GWO0006 (14.8 mg/L as
CaCO0s), collected during the Q3 2023 monitoring event.
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4.3.3 QUARTERLY ISOTOPE ANALYSIS
Oxygen-18 (§'0) and Deuterium (6°D)

Isotope parameters Oxygen-18 (6'%0) and Deuterium (62D), 0-18 and H2 isotopes in water serve as valuable
indicators in hydrology. The ratio of O-18 to 0-16 can provide insights into temperature variations during
water formation, while H2 isotopes can indicate the water source and its geographical origin. Analyzing these
isotopes aids in understanding hydrological cycles, climate patterns, and tracing water movement in
ecosystems and aquifers. 0-18 and H2 samples were collected during quarterly sample events between Q3
July 2022 and Q1 2024 from all the wells, for a total of 118 samples collected, not including any QA/QC
samples (i.e. duplicates or blanks).

The 2022-24 data is presented on Figure 14 relative to the Great Lakes Meteoric Water Line (GLMWL)
(6°H=7.1*6%0+1.0; (Longstaffe et al., 2011)), the Global Meteoric Water Line (GMWL, §°H=8.13*680+10.8;
(Craig, 1961)) and the Lake Huron Local Evaporation Line (6°H=4.8*5%80 - 20.9) ; Longstaffe et al., 2011), for
comparison purposes. The GLMWL is a local meteoric water line, comprised of samples taken on a more
frequent basis specifically in the region of the Great Lakes, and is helpful for interpreting local water
movements, water sources, and evaporative/precipitation processes these waters have undergone, over and
above the coarser resolution the GMWL provides. Moreover, the Lake Huron LEL is helpful to understand
more specifically the evaporation processes that have occurred in the various water sources being analysed
isotopically, and local to the region of Lake Huron, where the South Bruce project site is located. This LEL is a
regression line through isotopic compositions of evaporating surface waters, specific to the region of Lake

Huron.
FIGURE 14: SHALLOW GROUNDWATER 62H VS §'280
0
Global Meteoric Water Line (Craig, 1961)
Great Lakes Meteoric Water Line (Longstaffe et al. 2011)
Lake Huron LEL (Longstaffe et al. 2011)
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The 180 and 2H groundwater isotope data collected at the South Bruce project site reflects local meteoric
precipitation source (Figure 14). Portions of the data cluster slightly below the Lake Huron LEL, and plot more
closely to (but above) the GLMWL, however the interpretation remains that the 180 and 2H groundwater
signature, when analysed in this manner, reflects normal meteoric precipitation of the region.

4.3.4 ANNUAL ISOTOPE ANALYSIS

A summary of the 2023 annual isotope analytical results is provided on Table 9 below. Environmental isotope
analysis was planned to be completed once in 2023 for SB_MWO02 and SB_MWO03 wells. This information
would be used for baselining the shallow groundwater geochemistry.

TABLE 9: ISOTOPE RESULTS

(ST Carbon- Sl Strontium
Quarter Gross Gross Tritium - of DIC 37
Tritium (3H) 14 of DIC Isotope
Sample Alpha Beta (3H) (d13C-DIC) 0 ((:E¥/d)] k
+/-0.8 T.U. . (*4c-DIC) . Ratio
Collected (Ba/L) (Ba/L) Bq/L per mil s per mil (5751 /%51)
VPDB P smMoc

SB_MWO02_BR_R- <0.8

B_GW0004 Q2 2023 0.275 0.066 <0.094 -10.1 48.32 -1.05 0.708487
SB_MWO02_BR- <0.8

A_GWO0005 Q2 2023 0.917 0.267 <0.094 -14.5 33.64 0.07 0.708513
SB_MWO02_BR- 21

C_GWO0004 Q2 2023 1.2 0.866 0.247 10.84 58.96 0.23 0.708593
SB_MWO02_OB- NES

INT_GW0004 Q2 2023 0.662 0.862 NES -12.26 91.08 -0.69 0.70926
SB_MWO03_BR- 0.9

B_GWO0003 Q2 2023 0.941 0.445 0.106 10.61 46.1 1.11 0.708563
SB_MWO03_BR- <0.8

C_GW0004 Q2 2023 4.24 3.03 <0.094 -11 44.21 -1.37 0.708547
SB_MWO03_OB- <0.8

INT_GW0003 Q2 2023 0.868 0.815 <0.094 -10.9 45.77 -0.01 0.708582

Note: (1) NES = Not Enough Sample, (2) pmC = percent modern carbon, (3) Tritium is reported in Tritium Units, 17TU=0.11919
Bq/L per IAEA, 2000 report

Gross Alpha/Beta

Radionuclides are found in the environment as naturally occurring elements and as products or by-products
of nuclear technologies. Gross alpha and gross beta determination is an initial screening for the presence of
radioactivity, and the procedures used to analyze the samples are not the same procedures used to
determine the identity of the contributing radionuclides. To help with a relative comparison of the presence
of radionuclides in groundwater at the study site, it is important to know that the recommended screening
values for gross alpha and gross beta activity have been set at 0.5 Bg/L and 1 Bg/L, respectively by Health
Canada Canadian Drinking Water Quality Guidelines (HC-CDWQG). Using the HC-CDWQG, there were five
samples collected in Q2 2023 that exceeded the HC-CDWQG for Gross Alpha, which included: SB_MWO02_BR-
A_GWO0005 (0.917 Bg/L), SB_MWO02_BR-C_GWO0004 (1.2 Bg/L), SB_MWO02_0B-INT_GWO0004 (0.662 Bg/L),
SB_MWO03_BR-B_GWO0003 (0.941 Bqg/L), and SB_MWO03_OB-INT_GWO0003 (0.868 Bqg/L), however, the sample
SB_MWO03_BR-C_GWO0004 exceeded the HC-CDWQG for both gross alpha and gross beta (4.24 Bg/L and 3.03
Bq/L respectively).
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Tritium (3H) and Carbon-14 (**C)

Tritium and Carbon-14 are naturally occurring radionuclides at very low levels and contribute to natural
radioactivity exposure to Canadians. However, these radionuclides have been introduced in greater
concentrations into the global environment via the use and expansion of nuclear technologies over the past
60 years, and in particular due to nuclear weapon testing prior to 1963. Therefore, tritium as an example, is
an important parameter to measure and baseline, because its presence and concentration provides insight to
the relative “age” or atmospheric interconnection/origin of a groundwater sample, depending on its origin
and exposure within the hydrological system prior to, or during activities that occurred globally related to the
nuclear industry.

Health Canada has a recommended Maximum Allowable Concentration (MAC) in water for Tritium of 7000
Bg/L or 834.33 T.U. All samples submitted for analysis had reported concentrations of <0.8 T.U., except for
samples SB_MWO02_BR-C with a concentration of 2.1 T.U. and SB_MWO03_BR-B with a concentration of 0.9
T.U., both below the HC-CDWQG MAC.

For Carbon-14 results, as mentioned earlier in section 3.5.1, Carbon-14 was analyzed by Accelerator Mass
Spectrometry (AMS), and the results of Carbon-14 for all samples collected during the current monitoring
period were reported in the pmC (Percent Modern Carbon) units and were in the range between 33.6 and
91.0 pmC.

Chlorine Isotope (637Cl)

The stable isotope of Chlorine (Cl) has been used to estimate the origin of salts and fluids which help in
characterization of groundwater. The 83’Cl results ranged from a low of -1.37%. in SB_MWO03_BR-C_GW0004
monitoring the dolostone bedrock of the Lucas Formation, to a high of 0.23%. in the SB_MWO02_BR-
C_GWO0004 which also is taken from the dolostone bedrock of Lucas Formation.

Strontium Isotope Ratio 27Sr/26Sr

The 87Sr/8Sr ratio reflects the source of Sr in the rock and water. The present 8Sr/®Sr ratio in seawater is a
relatively constant value of 0.709 (Qing et al. 1998). The Upper Devonian (Lucas and Amherstburg
Formations) strontium isotope curve varies according to Qing et al. 1998, between 0.7077 and 0.7087.

The samples collected during the current monitoring period have an overall variation in 8Sr/8¢Sr with a low of
0.708487 in the Amherstburg Formation bedrock well SB_ MWO02_BR_R-Bto a high of 0.70926 in the
overburden well SB_MWO02_OB-INT. These Strontium isotope ratios are within the typical range for
groundwater from the Lucas and Amherstburg formations.
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FIGURE 15: STRONTIUM ISOTOPIC RATIOS VS. TOTAL SR?*
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5.0 SUMMARY

The NWMO Groundwater Monitoring of Shallow Well Network study objective at the South Bruce site was to
measure groundwater pressures and temperatures on a quarterly basis, from the installed dataloggers, and
to collect groundwater samples for their chemical analyses. This information is collected to allow NWMO to
evaluate the shallow groundwater system behavior and geochemical characteristics.

The field work for the South Bruce site started in the beginning of the third quarter (Q3) of year 2022, i.e., in
the month of July, followed by two additional field events in September and December 2022. The first field
event of 2023 was completed during the first quarter (Q1) month of March, followed by field events
conducted in each quarter of rest of the year (Q2, Q3 and Q4). The final field event discussed in this report
was conducted during Q1 of 2024 at the South Bruce site. Each groundwater monitoring and sampling event
involved the collection of groundwater pressure measurements and baseline groundwater samples from a
selection of the 26 permanently installed shallow groundwater monitoring wells. The quarterly groundwater
quality testing included the analysis of parameters including dissolved metals, routine parameters (see Table
2 for complete list of parameters) nutrients, iodide, stable isotopes of oxygen and hydrogen (80 and 52H).
An annual sample (during both 2022 and 2023) from two shallow groundwater monitoring well sites was
collected and analyzed for dissolved ruthenium and other specialized radioactive isotopes such as oxygen-18,
deuterium, tritium, carbon-14, chlorine-37 and strontium ratio Sr&’/Sré®.

The predominant groundwater type at the South Bruce site is calcium-magnesium-bicarbonate (Ca-Mg-HCOs)
however, elevated concentrations of chloride and sulphate ions were also detected in several samples in the
entire dataset. The samples characterized by Ca-Mg-HCO3 water type were from all depth intervals at the Site
including the overburden (OB), Lucas Formation (dolostone) — (Interval C), Amherstburg Formation
(limestone) — (Interval B), and Bois Blanc (limestone) Formation — (Interval A). The second most observed
water type is Ca-Mg- SO4-HCO3 due to sulphate (SO4) ions being more prevalent than bicarbonate ions. This
water type was observed in samples collected from the bedrock intervals at SB_MWO04 and SB_MWO02. No
obvious trends of concentration changes with time were observed for major ions (Cl, Na, and SO4) in samples
collected at the South Bruce site. Generally increasing concentrations of major ions were seen with increasing
depth at two locations: monitoring well location SB_MWO05, where chloride and sodium concentrations
increased from the overburden interval to the deepest bedrock interval A; and monitoring well location
SB_MWO06 where chloride, sodium and sulphate increased from the overburden interval to bedrock interval B
(however, the deepest bedrock interval A had lower concentrations of these ions). In contrast, decreasing
chloride and sodium concentrations were seen at monitoring well location SB_MWO07 where the highest
concentrations of chloride and sodium were observed in the overburden interval, whereas lower
concentrations were observed at the deeper bedrock intervals (i.e. A and B). The 2023-2024 concentrations
of all major ions were observed to be consistent with the 2022 data.

Elevated nitrate concentrations were found in most of the overburden groundwater wells and in one upper
bedrock interval (MWO02) and may be due to the agricultural activities in the area surrounding the South
Bruce site and region in general. Nitrate concentrations were also detected at depth in the bedrock at MWO07.

Generally, oxygen-18 (6'80) and deuterium (62D) isotope analyses indicated that the shallow groundwater is
largely recharged from modern regional precipitation. Other isotopes measured during the reporting period,
including tritium (3H), carbon-14 (**C), chlorine-37 §%’Cl, and strontium isotope ratio 87Sr/2Sr, were all within
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the expected values for groundwaters of the shallow bedrock aquifer, however, gross alpha and gross beta
values were above the health Canada Drinking Water Guidelines and were outside the expected range of

values.
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APPENDIX B
Stiff Diagrams
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APPENDIX C

2023 General Chemistry Laboratory Results
Summary Table
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