A=COM

Swan Hills Treatment Centre

2024 Groundwater Monitoring Report

Veolia Canada Waste Services Inc.

Project number: 60735747

March 24, 2025

Delivering a better world



Swan Hills Treatment Centre
2024 Groundwater Monitoring Report Project number: 60735747

Statement of Qualifications and Limitations

The attached Report (the “Report”) has been prepared by AECOM Canada ULC (“AECOM”) for the benefit of the Client (“Client”) in
accordance with the agreement between AECOM and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications contained
in the Report (the “Limitations”);

represents AECOM’s professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;

may be based on information provided to AECOM which has not been independently verified;

has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued,;

must be read as a whole and sections thereof should not be read out of such context;
was prepared for the specific purposes described in the Report and the Agreement; and

in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time..

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no obligation to
update such information. AECOM accepts no responsibility for any events or circumstances that may have occurred since the date
on which the Report was prepared and, in the case of subsurface, environmental or geotechnical conditions, is not responsible for
any variability in such conditions, geographically or over time.

AECOM agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other representations,
or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the Information or any part
thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by AECOM represent AECOM'’s professional judgement in light of its experience and the knowledge
and information available to it at the time of preparation. Since AECOM has no control over market or economic conditions, prices
for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and employees are not able to,
nor do they, make any representations, warranties or guarantees whatsoever, whether express or implied, with respect to such
estimates or opinions, or their variance from actual construction costs or schedules, and accept no responsibility for any loss or
damage arising therefrom or in any way related thereto. Persons relying on such estimates or opinions do so at their own risk.

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental reviewing
agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied upon only by
Client.

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the
Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those parties
have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss or damages
arising from improper use of the Report shall be borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject to
the terms hereof.
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Executive Summary

AECOM Canada ULC (AECOM) was retained to conduct the annual groundwater monitoring event in
2024 at the Swan Hills Treatment Centre (the Site). The groundwater monitoring report is completed on
an annual basis and submitted to Alberta Environment and Protected Areas (EPA).

The groundwater monitoring sampling program follows the requirements outlined in EPA’'s Approval No.
1744-03-00.

Three depth intervals are monitored. The shallow and intermediate intervals monitor groundwater in the
surficial till deposits. The sandstone interval monitors the groundwater in the Paskapoo Formation
between 50 and 70 metres below ground surface (MBGS).

The groundwater flow in the shallow and intermediate intervals is generally to the east at an estimated
velocity of 0.0023 metres per year (m/yr) for the shallow till and 0.018 m/yr for the deeper till (intermediate
interval wells). The groundwater flow in the sandstone interval is generally to the south. The flow velocity
in 2024 is 14.07 m/yr.

Based on the 2024 groundwater monitoring, the following conclusions can be made:

Petroleum hydrocarbon (BTEX, PHC F1) concentrations were below the laboratory detection limit for
all wells sampled in 2024.

Polychlorinated Biphenyl (PCB) Aroclor and total PCB concentrations were below the laboratory
detection limit for all wells sampled in 2024.

Adsorbable Organic Halogen (AOX) results were below the laboratory detection limit for all select
wells tested.

Twelve of the wells completed in the till interval (shallow and intermediate wells) have Total Dissolved
Solids (TDS) concentrations above the Alberta Tier 1l Potable Groundwater Guidelines. For all twelve
wells these concentrations are consistent with baseline and/or historical observations, as well as
expected TDS concentrations for a till lithology.

Manganese concentrations exceeding the Alberta Tier Il Potable Groundwater Guideline were
observed in all monitoring wells except 03-SH, 03-IN, 05-SH, 08-IN, 13(R)SS, 16-SH, and 17-SH.
Manganese concentrations have been measured since the 1990s and have typically exceeded the
guideline in both up-gradient and down-gradient wells; therefore, it is likely naturally occurring.
Manganese concentrations above the Alberta Tier Il Potable Guideline for Commercial/Industrial Land
Use (0.02 milligrams per litre; mg/L) in till are of little concern since this source is not capable of
supporting a potable water supply.

Elevated iron and manganese concentrations may be a result of biological activity. Orange and black
residues and/or oxidation was noted on several bladder pumps and tubing during well maintenance in
May 2014. Iron reducing bacteria (IRB) tests from 2015 confirmed the presence of anaerobic iron
related and enteric bacteria in monitoring wells 01A-SH, 01A-IN, 04-IN, 04-SS, 07-SH, 07-IN, and 16-
SH.

The elevated chloride concentrations in 07-SH may be caused by infiltration of run-off containing road
salt from the adjacent parking lot and road. Increasing chloride trends are observed in 01A-SH and
07-SH. Monitoring well 07-SH is located in a low-lying area adjacent to a road while 01A-SH is
located on the plant site. Monitoring well 17-SH had an increase in chloride concentration in 2015
compared to historical results, but the level is well below the guideline and has been falling in the
following years. Monitoring wells 05-SH and 13-SH have increasing trends but both are an order of
magnitude below the guideline.

Monitoring well MW-01A:

0 The TDS and major ion groundwater chemistry of 01A-SH and 01A-IN appears to be affected by
rain and surface water infiltration.

Prepared for: Veolia Canada Waste Services Inc. AECOM
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0 High Dissolved Organic Carbon (DOC) concentrations may be a result of the composition of the
engineered fill, as well as activity at the ERT Fire Training Pad. The high DOC probably results in
anaerobic conditions in the monitoring well. It is noted that no Aroclor PCBs or petroleum
hydrocarbons were detected in this well, thus the elevated DOC concentrations are from other
compounds.

0 Sulphur odour and reduced pH in 01A-SH indicates the presence of sulphur reducing bacteria
that is confirmed by the results of the sulphate reducing bacteria (SRB) test conducted in 2015.

The following recommendations are made based on the above conclusions and observations made
during the fieldwork:

If dry piezometers are encountered, the water level in the corresponding well should be measured
with clean equipment to verify if the well is dry or if the piezometer is compromised.

In connection to the 2022 Annual Groundwater Monitoring Report (AECOM, 2023a), a groundwater
monitoring well network condition report and sandstone groundwater monitoring well replacement
plan was developed by AECOM (AECOM, 2023b), which summarized well network maintenance
recommendations based on 2022 field observations and outlines the sandstone wells needing
replacement with locations and rationales provided. Veolia is currently implementing this program by
abandoning dry or damaged wells and installing new monitoring wells. It is recommended to include
these new wells into the monitoring program by purging and monitoring them during the 2025
monitoring program.

Review of road salt use at and around the Site and alternative measures implemented in 2025 to
address chloride increases at selected locations. Sample surface water in the road ditches
upgradient of the Site to investigate the source of the chloride concentration increase in well 07-SH.

Alberta Environment and Protected Areas has recommended that dioxins and furans should be
sampled for in select shallow wells for three years (2022, 2023 and 2024) as part of the annual
monitoring program. Since three years of data has been collected and the results are two to three
orders of magnitude below the applicable guideline, the monitoring frequency is recommended to be
adjusted to once every five years.

Conduct groundwater monitoring in the fall with the sampling event performed a minimum of one
week after the purging event to allow monitoring wells to sufficiently recover.

Prepared for: Veolia Canada Waste Services Inc. AECOM
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1. Introduction

1.1 Background Information

AECOM Canada ULC (AECOM) was retained to conduct the annual groundwater monitoring event in
2024 at the Swan Hills Treatment Centre (the Site). The Site is operated by Veolia North America, LLC.
(“Veolia”) under Alberta Environment and Protected Areas Approval No. 1744-03-00. The approval was
issued to SUEZ Canada Waste Services Inc. (how owned and operated by Veolia) on December 15, 2019
and expires December 14, 2029. The groundwater monitoring report is completed on an annual basis and
submitted to Alberta Environment and Protected Areas (EPA).

Baseline data was collected by Stanley Associates Engineering Ltd. between 1985 and September 11,
1987 (the opening date of the facility; Worley Parsons, 2012). Groundwater has been sampled and
analyzed in September on an annual basis since then (1989 to 1991 — Stanley Associates Engineering
Ltd., 1992 — Integrated Environments Ltd., 1993-2005 — Komex, 2005 to 2012 — Worley Parsons, and
2013 to 2023 — AECOM). This report presents a summary of the groundwater monitoring activities that
were completed at the Site in 2024.

1.2  Facility Description

The Site is located northeast of Swan Hills, Alberta (the Town); approximately 9 kilometres (km) north on
Highway 33 and 8 km east on Chrystina Lake Road. It is in the west half of Section 06, Township 67,
Range 8, West of the 5" Meridian. Water bodies near the Site include Chrystina Lake; approximately
1.5 km to the northwest. The location of the site is illustrated on Figure 1.0 (Appendix A).

The Site’s Operating Agreement with Alberta Infrastructure allows for a total of 1,500 tonnes of
commercial waste (300 tonnes of high-level Polychlorinated Biphenyl (PCB) waste from facilities across
Canada, and 1,200 tonnes of Alberta Biomedical and Pharmaceutical waste) to be processed each fiscal
year (April — March). Waste streams that have no alternate option for disposal or waste from special
projects must be approved by Alberta Infrastructure through a change order. The Site destroys hazardous
waste in several ways. Treatment process includes high temperature incineration; physical/chemical
treatment (for the treatment of inorganic liquids such as acids and bases) and stabilization/solidification
(for the stabilization of treatment residues before placement in the Site’'s engineered landfill).

Prepared for: Veolia Canada Waste Services Inc. AECOM
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2. Site Characterization

2.1 Regional Setting
The regional setting of the area was determined using the following information sources:
The Ecological Framework of Canada (1999): ecozones.ca (accessed on December 19, 2013)

Tokarsky, O. (1977): Hydrogeology of the Whitecourt area, Alberta, Alberta Research Council, Report
76-3

Carlson, V.A. and Green, R. (1977): Bedrock Topography of the Whitecourt Area, NTS 83J, Alberta,
Alberta Research Council, scale 1:250,000

Prior, G.J., et al. (2013): Bedrock Geology of Alberta, Alberta Geological Survey Map 600, ISBN 978-
1-4601-0096-7

St-Onge, D.A. (1975): Surficial Geology Whitecourt, Alberta, Map 1367A, Geological Survey of
Canada

This information was used to define the climate, topography, regional and local geology and hydrogeology
in the region of interest.

2.1.1 Topography and Climate

The Site is near the Town of Swan Hills in northern Alberta. The surface topography in the region ranges
from 915 to 1220 metres above sea level (MASL). The elevation generally decreases to the east and
southeast. The elevation at the Site is approximately 1,080 mASL. The regional topography is illustrated
on Figure 2.0 (Appendix A).

The physiographic region near the Site is the Western Alberta Upland region of the Boreal Plains
ecozone. The vegetation consists of mixed forests of coniferous (lodgepole pine, white spruce, and fir)
and deciduous (aspen, poplar, and birch) trees. The mean annual temperature is approximately

1.5 degrees Celsius (°C).

The region’s mean annual precipitation is approximately 450 to 600 millimetres (mm).

2.1.2 Regional Geology

Till, colluvium, and fluvial deposits are the predominant surficial deposits in the area. The till is
categorized as hummocky moraine deposits and is typically less than 15 metres (m) thick, and up to 30 m
where preglacial buried valleys exist (Tokarsky, 1977). Fluvial deposits exist adjacent to the rivers in the
area, such as the Coutts River east of the Site. No existing buried channels were identified within a 5-km
radius of the Site, as shown in Figure 3.0 (Appendix A), according to data obtained from Alberta
Geological Survey (AGS, 2005).

Bedrock underlies the surficial till deposits. The bedrock stratigraphy consists of the Tertiary-aged
Paskapoo Formation, the Tertiary-Cretaceous-aged Scollard Formation, and the Cretaceous-aged Battle
River/Whitemud Formation. The Paskapoo Formation consists of continental interbedded mudstones and
sandstones. The Scollard Formation consists of continental interbedded fine-grained sandstones and
mudstone. The Battle River and Whitemud Formations consist of continental mudstone, shale, and coal.

2.1.3 Regional Hydrogeology

Shallow aquifers may exist in till, in sand and gravel deposits in preglacial valleys, and in fluvial deposits.
There are no preglacial valleys or extensive fluvial deposits proximal to the Site. Tokarsky (1977)
assigned probable average yields for the regional geology. Quaternary deposits (primarily till) are mapped
to have probable yields of 1 to 5 Imperial gallons per minute (Igpm) or 0.1 to 0.4 litres per second (L/s).
Bedrock aquifers occur predominantly in the sandstone intervals. The Paskapoo Formation aquifers are
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mapped to have probable yields of 1 to 5 Igpm (4.5 to 22.7 L/min) and possible yields of 5 to 25 Igpm
(22.7 to 113.7 L/min). The fine-grained sandstones of the Scollard Formations have possible average
yields of less than 1 Igpm (4.5 L/min). The Battle River/Whitemud Formation aquifers are mapped to have
possible average yields of 1 to 5 Igpm (4.5 to 22.7 L/min). This information indicates that the best aquifers
are likely to occur in the sandstones of the Paskapoo Formation. Tokarsky (1977) also indicates that
Paskapoo Formation sandstones may be lenticular and will, therefore, have a limited lateral extent.

2.1.3.1 Regional Surface and Groundwater Use
Surface water bodies near the Site are Chrystina Lake, approximately 1.5 km northeast of the Site, and
the Coutts River, approximately 0.4 km to the north and 1.6 km to the east of the Site.

Water Well Drilling Reports within an approximate 5 km radius of the Site were searched using AEP’s
Groundwater Information Centre (GIC) database. The summary report is displayed in Appendix B and
the relative locations provided by the GIC are illustrated on Figure 4.0 (Appendix A).

For the area of interest, a total of twenty-nine records were obtained from the search. Table A is a
summary of these wells:

Table A: Groundwater Report Record Breakdown

Type of Well \ Number of Records
Industrial Water Well 18
Observation Well/Test Holes/Investigation 10
Unknown
Pump Test

A review of the water well records show no domestic water users within 5 km of the Site. There are three
main well owners: Alberta Special Waste Management, Alberta Environment, and C.E. Moell &
Associates. These wells were either installed as part of the original site investigation (C.E. Moell &
Associates) or as potential supply wells for the plant (Alberta Special Waste Management).

Seven of the eighteen industrial well records are abandoned test holes. A pump test was conducted on
four of the industrial wells (Alberta Environment Water Well ID: 354695, 354696, 354697, and 2097625).
All four pump tests are conducted on a sandstone unit with depths ranging between 55.17 metres below
ground surface (mBGS) and 75.90 mBGS (Paskapoo Formation) and resulting recommended pump rates
are 227.30 litres per minute (L/min) (Well ID 354695), 27.28 L/min (Well ID 354696), and 54.55 L/min
(Well ID 354697) and 68.19 L/min (Well ID 2097625).The Swan Hills Treatment Centre, at the time of the
2024 sampling event was using one water supply well, 89-3, located on the east side of the Site with a
production interval of 56.7 m to 66.1 m (Figure 5.1, Appendix A).

None of the above water wells were field verified to determine their current existence and use.

2.2  Local Setting

2.2.1 Local Geology

Lithology records from the Water Well Drilling Reports (Section 2.1.3.1), and replacement wells drilled in
2014 were used to confirm the local stratigraphy. The stratigraphy at the Site typically consists of 10 m to
15 m of till overlying the Paskapoo Formation. The stratigraphy of the Paskapoo Formation proximal to
the Site consists of: interbedded shale, mudstone, and sandstone (thin beds) between 15 mBGS and 50
MBGS; sandstone between 50 mBGS and 70 mBGS; and shale or siltstone at 70 mBGS (Worley
Parsons, 2012, 2013; Appendix C). A geologic cross-section for the vicinity of the Site and borehole
locations is provided in Figures 6.1 and 6.2, (Appendix A). Three replacement shallow piezometers, two
replacement intermediate piezometers, one replacement intermediate well, and two replacement
sandstone wells were drilled, completed, developed, and recovery tested between May and July of 2014.
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The borehole logs are presented in Appendix C. The lithology encountered during drilling is consistent
with the general lithology description above.

2.2.2 Local Hydrogeology

The till and a sandstone unit within the Paskapoo Formation are monitored at the Site. Two depth
intervals are monitored within the till deposit at 14 locations around the Site (Figure 5.1, Appendix A):
the shallow interval (SH) is between approximately 1 and 5 mBGS; and the intermediate interval (IN) is
between approximately 5 and 13 mBGS. The sandstone (SS) is monitored at 10 of the 14 locations at a
depth between approximately 56 and 80 mBGS.

Till deposits are typically characterized as aquitards; groundwater does not flow at sufficient rates through
these deposits to be a useful aquifer. The typical hydraulic conductivity of till ranges between 1x10-¢
metres per second (m/s) and 1x10-12 m/s (Freeze and Cherry, 1979). The till is deposited on top of
approximately 30 m of shale that is part of the Paskapoo Formation. Shale is typically considered an
aquiclude with hydraulic conductivities ranging between 1x10 - m/s to 1x10-13 m/s (Freeze and Cherry,
1979). Sandstone units within the Paskapoo Formation are potential aquifers. The typical hydraulic
conductivity of sandstone ranges between 1x10-¢ m/s and 1x101° m/s (Freeze and Cherry, 1979).

Pump test data from three of the water wells in the reconnaissance reports from AEP’s GIC database
(354695, 354696, and 354697) was analyzed in 2013 using Waterloo Hydrogeologic’s Aquifer Test Pro
Version 2010.1 to determine the hydraulic conductivity (AECOM, 2014). All three wells (Appendix B) are
located in the northeast quarter of 06-67-08-W5 (the same section as the Site; Figure 4.0, Appendix A).

Recovery tests were conducted on the 2014 replacement wells after the development of each well. The
resulting hydraulic conductivities from the GIC wells and the wells drilled in 2014 are reported in Table B.

Table B: Hydraulic Conductivities

Lithology Hydraulic Conductivity — Geometric Mean
(m/s)
05-SH Till (Shallow) 7.6 x 107
06-SH Till (Shallow) 9.6 x 108
13-SH Till (Shallow) 1.1x 108
06(R)IN Till (Intermediate) 2.2x 107
11-IN Till (Intermediate) 4.0x10°
13-IN Till (Intermediate) 2.6 x 10°
07(R)SS Sandstone 8.6 x 10
15(2R)SS Sandstone 1.7 x 10°®
89-3 Sandstone 2.2x10°%
354695 Sandstone 1.83 x 10*
. i -
354696 Sandstone Ianues(r:céxcl)rfnzlrizoc;haig;z:egéjrlgi)(1.12% x 10
354697 Sandstone IanueE(rzzxcl)rfn:lr;ocahaigxegéﬁrli::):1.16086x 10°

Monitoring well 06(R)IN was drilled to and completed at a shallower depth (6 mBGS) than 11-IN and
13-IN (~9 mBGS) and has a hydraulic conductivity similar to the shallow wells that are drilled to and
completed at approximately 3 mBGS. The hydraulic conductivities from the recovery tests in the shallow
and intermediate wells are typical of till. The hydraulic conductivities from 07(R)SS and 15(2R)SS have
conductivities typical of sandstone. 89-3 is a production water well and shows a higher hydraulic
conductivity that may be a result of the well being pumped and developed over a long period of time.
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These values are consistent with 354696 and 354697, but lower than 354695 which intersected a thicker
sandstone interval.

The geometric mean of the hydraulic conductivities for each of the units are as follows:

Shallow till = 9.3 x 108 m/s
Intermediate till — 1.3 x 108 m/s

Sandstone — 3.2 x 10°° m/s

2.3  Surface Water Drainage

The storm water management system at the Site is designed to collect and retain any surface water that
falls on the site during precipitation events. The system is separated from the process water management
system to prevent any contamination of clean surface runoff. Careful management of this separation
increases the options available for treatment or re-use within the Swan Hills Treatment Centre. A figure
detailing the surface water drainage patterns on the site can be found on Figure 6.0 (Appendix A).

There are three drainage zones on plant site:

The north zone, which extends from the front gate to the south side of the Cold Storage Building #1,
drains into the North Retention Pond. Also draining into the North Retention Pond is the treated
discharge from the Rotating Biological Contactor (Domestic Wastewater).

The south zone, which extends from the south side of the Stabilization plant to the Process Make-up
Pond and South Retention Pond #1, drains to the Process Make-up Pond/South Retention Pond #1.

A second south zone collects run off from the unpaved, southern portion of the plant site that extends
from the Process Make-up Pond to the south fence line and directs it into South Retention Pond #2.

The North Retention Pond is connected to South Retention Pond #1 via overland piping system. South
Retention Pond #1 can be transferred to the Process Make-up Pond or to South Retention Pond #2 when
necessary. Precipitation, therefore, is managed on site and re-circulated as process water as required.
The North Retention Pond, South Retention Pond #1 and Process Make-up Pond are all lined with high-
density polyethylene liners. South Retention Pond #2 has a compacted clay liner.

In addition to the above-mentioned drainage areas, there is a South Drainage Area located east of South
Retention Pond #2 and the South Borrow Pit and 2023 Borrow Pit located south of South Retention Pond
#2, all three are unlined.
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3. Groundwater Monitoring Field Program

There are 14 active monitoring locations (01A, 03 through 08, and 11 through 17; Figure 5.1,

Appendix A), and four decommissioned locations (01, 02, 09, and 10; Figure 5.2, Appendix A). The
decommissioning details are reported in the Komex 1997 report (Worley Parsons, 2012). At 10 of the 14
locations, all three intervals, shallow, intermediate, and sandstone, are monitored (01A, 04, 05, 07, 08, 11,
12, 13, 14, and 15); the shallow and intermediate intervals are monitored at the four remaining locations
(03, 06, 16, and 17). All wells have stainless steel screens and steel casing (Worley Parsons, 2012,
2013).

3.1  Monitoring and Sampling Methodologies

3.1.1 Groundwater Level Measurements

Piezometers were installed for the shallow and intermediate intervals at all monitoring locations to
facilitate water level measurements and prevent cross contamination in the wells. Table C summarizes
the 2024 groundwater level survey activities, as well as the lithology that the wells were completed in.
Static water levels were measured prior to purging activities at each monitoring location using a Solinst
water level meter. The water level meter was decontaminated using distilled deionized water between
measurements. Well and piezometer stick-ups were also measured and recorded. Total depths were
measured in May 2014 during the groundwater monitoring well maintenance program.

Table C: Groundwater Level Survey

Monitoring Location = Measured in Piezometer Measured in Well Lithology
SH/IN: Till
O1A SH, IN SS SS: Sandstone
03 SH, IN - SH/IN: Till
SH/IN: Till
1
04 SH IN%, SS SS: Sandstone
SH/IN: Till
1
05 SH IN%, SS SS: Sandstone
06 SH, IN - SH/IN: Till
SH/IN: Till
07 SH, IN SS SS: Sandstone
SH/IN: Till
08 SH, IN SS SS: Sandstone
SH/IN: Till
1
1 N SH’, SS SS: Sandstone
SH/IN: Till
12 SH, IN SS SS: Sandstone
SH/IN: Till
13 SH, IN SS SS: Sandstone
SH/IN: Till
2
14 IN SH®, SS SS: Sandstone
SH/IN: Till
2
15 N SH®, SS SS: Sandstone
16 SH, IN - SH/IN: Till
17 SH, IN - SH/IN: Till
! Piezometer compromised or blocked by ice
2 piezometer dry/damaged
Prepared for: Veolia Canada Waste Services Inc. AECOM
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3.1.2 Purging and Sampling

3.1.2.1 Equipment

Each well is equipped with a dedicated bladder pump (stainless steel body and Teflon bladder), two lines
of tubing that extend from the pump to the surface (a gas line to drive the bladder pump and a Teflon-lined
sample delivery line), and stainless-steel security cable. The tubing is affixed to the bottom of a well cap;
the cap is equipped with a quick coupler for the gas line (M-Style % inch male quick connector) and a
push connector for 3/8 inch Teflon-lined sample tubing (adaptors enable the use of ¥4 inch tubing). The
cap also contains an access opening for water level measurements.

Compressed nitrogen gas is used to inflate and deflate the bladder pump. Generally, the gas does not
meet the sample water; however, contact may occur due to deterioration of the pump and tubing
assemblage. Nitrogen is used because it is an inert gas and minimizes the impact to the sample if leaks
occur in the system (Worley Parsons, 2012, 2013). A Solinst Electronic Control Unit — Model 464 (capable
of driving up to 250 pounds per square inch; psi) was used to drive the bladder pumps during purging and
sampling.

3.1.2.2 Well Maintenance
In 2024, maintenance was performed on the following piezometers by cutting PVC pipe down to allow
protective casings to close and lock.

01A-SH Pz
01A-IN Pz

Groundwater levels were recorded first, then the piezometers were cut down and new stick-up data was
recorded.

In 2023, it was noted that the PVC pipe at monitoring well 13-SH was frost heaved approximately 0.45 m
above the protective well casing and samples from the well no longer represent shallow groundwater. The
pneumatic pump from the well was moved to the associated piezometer (13-SH_Pz) and a more
representative sample was obtained. The piezometer was sampled again in 2024.

3.1.2.3 Purging

Purging operations took place from August 26 to 28, 2024 prior to sampling. Shallow, intermediate and
sandstone wells were purged until dry or three well volumes were collected. Purged water was collected
in a 20 litre (L) bucket to measure volume then poured on the ground adjacent to the monitoring location.
Purging operations are summarized in Table 1.0 (Appendix D).

3.1.2.4 Sampling

Sampling operations were conducted from September 11 and 12, 2024. Samples were collected from all
wells that were purged except for 16-IN (32 wells). While 16-IN was purged and water levels taken during
the purging event, a sample was unable to be obtained during the sampling event. The sampling program
is outlined in Table 2.0 (Appendix D). Samples were collected from the dedicated sampling spouts on
each well and were filtered and preserved according to laboratory specifications. Field parameters
(temperature, pH, and electrical conductivity) were measured at each location at the time of sampling
using a YSI Pro DSS Meter. The probes on the meter were decontaminated with distilled deionized water
after each measurement. The samples were placed in coolers with ice and delivered to ALS
Environmental Laboratory (ALS) in Edmonton, Alberta with a completed chain of custody form on
September 12, 2024.
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3.2 Summary of Changes

There was no change in the 2024 monitoring program compared to the 2023 monitoring program.

3.3  Quality Assurance and Quality Control

Quality Assurance and Quality Control (QA/QC) are procedures that are implemented to identify and
prevent errors in the groundwater chemistry data. QA/QC procedures are executed by the person
collecting samples, the laboratory that analyzes the samples, and the person interpreting and analyzing
the results.

Three types of errors are associated with groundwater sampling and analysis: false positive errors, false
negative errors, and undetermined errors. False positive errors include leaching from well materials,
contaminated sample containers or laboratory derived contamination. False negative errors include
volatile losses during sample collection and chemical reactions that occur in the sample between
collection and analysis. Undetermined errors include transcription and extraction errors.

In the field, equipment is cleaned between wells with distilled deionized water and a new pair of nitrile
gloves are worn for sampling at each well. Sample QA/QC included:

Duplicate samples, a minimum of one per 10 samples
Field blank — one per day

Trip blank

Spiked samples (polychlorinated biphenyls; PCBs)

Field blanks consist of distilled deionized water that is provided by the laboratory and is poured into
sample bottles under field conditions. The purpose of these blanks is to test for field contamination
sources, as well as laboratory derived contamination. Trip blanks consist of sample bottles filled with
distilled deionized water in the laboratory. These bottles remain sealed and are stored with the other
samples. Trip blanks test for cross contamination during storage and transport, in particular cross
contamination caused by the vaporization of volatiles. Spiked samples are prepared in a laboratory and
contain a known concentration of a single parameter. Spiked samples can be used as an indicator of the
accuracy of the analytical results.

Duplicates submitted to the laboratory for the 2024 groundwater monitoring event included: 25-SH
(duplicate of 05-SH), 27-SH (duplicate of 07-SH), and 31-SH (duplicate of 11-SH) for all analytes, 25-SS
(duplicate of 05-SS) for all analytes except hydrocarbons; and 32-SH (duplicate of 12-SH) for AOX. If the
data is over five times the laboratory reporting limit (LRL), the Relative Percent Difference (RPD) is
calculated and compared to the alert criteria obtained from the Guidance Manual For Environmental Site
Characterization in Support of Environmental and Human Health Risk Assessment — Volume 1 Analytical
Methods (CCME, 2016).

The Relative Percent Difference (RPD) is a measure of the variability between two duplicate analyses and
is calculated using the following equation:

4pe | OFILHAOQEBRLHERAGAHP
Az Ko-ILRrA@oLAACA PO

If one or both of the results are less than five times the LRL, the difference between the parent sample
and duplicate sample result is calculated, and that result is compared to two times the LRL. The LRL is
two times the detection limit of each parameter. The duplicate field results are considered acceptable if
the RPD is less than the alert criteria. Hardness and TDS are not included in RPD calculations as they
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are calculated values. RPDs were not calculated for petroleum hydrocarbon (PHC) and PCB results as
none of the sample and duplicate results were above the detection limits.

The two field blanks and a trip blank submitted to the laboratory for this sampling event were labelled “10-
SH”, “20-SH” and “Trip Blank”, respectively.

Two spiked samples were prepared by ALS, labelled 51-SH and 52-SH.

The laboratory QA/QC data is located with the Certificate of Analysis in Appendix F. A review of the
laboratory QA/QC data was conducted, and the laboratory analytical results are considered accurate and
reliable.

3.4 Regulatory Guidelines

The results of the 2024 groundwater monitoring were compared to the Alberta Environment Tier 2
Groundwater Remediation Guidelines for Commercial/Industrial Land Use (June 2024). These are a set
of groundwater quality guidelines derived specifically for the protection of ecological receptors and for
human health. They set specific criteria according to land and water uses and are derived using
toxicological data. The groundwater samples from each well were compared to the potable or aquatic life
pathway. The aquatic life (fine-grained for the shallow and intermediate wells that are completed in the till
and coarse-grained for sandstone wells) guideline was used where a monitoring well is within 300 m of a
water body; this criterion applies only to monitoring location MW-08 which has a creek approximately 280
m to the north. The remaining wells were compared to the potable water pathway because the sandstone
interval is a possible domestic use aquifer and the hydraulic conductivity of the shale between the till and
the sandstone has not been used to eliminate this pathway. For instances where an aquatic life guideline
did not exist or was higher than the potable water guideline, the potable water guideline was used.

The Canadian Drinking Water Aesthetic Objective (AO) and Maximum Acceptable Concentration (MAC)
Guidelines (September 2022) are also shown on all analytical results tables in Appendix D for reference.

3.5 Statistics

Statistical analysis of the historical data for each well sampled in 2024 was conducted to identify
statistically significant increasing and decreasing trends in parameter concentrations. The program used
to complete the analysis was ProUCL Version 5.2 from the United States Environmental Protection
Agency (USEPA, 2022). A minimum of four data points is needed to conduct statistical analysis on
parameters. Statistical analysis was performed on data sets containing 50% or greater data above the
detection limit.

Parameters included in the statistical analysis are:

Major ions:
0 Bicarbonate (HCOs3), calcium (Ca), magnesium (Mg), and sodium (Na)
Indicators:

0 pH (Lab), chloride (Cl), sulphate (SOa), total dissolved solids (TDS), total organic carbon (TOC)
and dissolved organic carbon (DOC)

Dissolved metals:

0 Arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), manganese (Mn),
mercury (Hg), nickel (Ni), and zinc (Zn)
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3.5.1 Rosner’s/Dixon Outlier Test

A Rosner’s or Dixon Outlier test was applied to all current and historical data to identify data points that do
not appear to fit the distribution of the rest of the data set within a 95% significance level (i.e. there is only
a 1 in 20 chance that the interpretation is wrong). Dixon’s Outlier Test is performed on data sets with less
than or equal to 25 data points. Rosner’s Outlier test is performed on data sets with greater than 25 data
points. Identified outliers are then checked for data transcription errors or any other irregularities.

An outlier is considered a data point that is outside of the characteristic distribution of the data set; an
outlier test determines if the data point is statistically different from the distribution of the data set (Sanitas
Technologies, 2009). An outlier may be a result of an error including cross-contamination, analytical error,
or an outlier may be an accurate representation of the sample.

EPA guidance directs that “statistical outliers should not be removed or altered unless independent
evidence of an error exists” (Sanitas Technologies, 2009). Identified outliers were checked for possible
transcription errors.

3.5.2 Sen’s Slope/Mann-Kendall Trend Analysis

The Sen’s Slope/Mann-Kendall trend analysis was performed on data sets with a minimum of four data
points and if 50% or more of the data set was above the detection limit. This is a nonparametric test (i.e.,
normal distribution is not assumed) that estimates the trend (slope) of the results over time (i.e.,
increasing, decreasing, or not significant). The analysis was completed using a 95% confidence level (i.e.,
there is a 5% chance that the output trend is incorrect).

Statistical values shown in the output that should be noted include:

n = the number of data points analyzed.
Slope = rate of increase or decrease of the parameter per year.

Mann-Kendal statistic = the magnitude of the increasing or decreasing trend. If the Mann-Kendall
statistic is a large positive number, measurements taken later in time tend to be larger than those
measurements taken earlier. The opposite is true for a large, negative Mann-Kendall statistic.

. = the probability of making an estimation error. This is an alternative way to indicate the confidence
level (i.e., a 95% confidence level is equivalent to . = 0.05).

This trend analysis was conducted on all complete data sets. Identified outliers in 2024 were examined
for any transcription or lab errors and examined within the context of spatially and temporally proximal
results. If the 2024 outlier was determined to be a valid data point, it was not removed from the data set.
Historical outliers previously examined within the context of spatially and temporally proximal results and
identified to affect the overall trend of the data set were removed and trend analysis run again. The
resulting trends were compared.
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4. Groundwater Monitoring Results and Interpretation

In May 2014 during well maintenance, it was determined that the well labels for 15-SH and 15-IN had
been switched at some point in time. The labels were corrected and since 2014 the results reflect the
corrected labels, however, because it is unknown when the mislabelling occurred, the historical results
have not been changed or altered.

4.1 Groundwater Level Measurements

Static groundwater levels measured during the September 2024 groundwater monitoring are summarized
in Table 3.1 (Appendix D) and the historical static groundwater measurements are presented in
Table 4.1 (Appendix D).

4.1.1 Groundwater Flow

Groundwater levels were measured in the piezometers or groundwater monitoring well and groundwater
elevations were calculated for the shallow and intermediate intervals (glacial till lithology) (Table 3.1,
Appendix D). Groundwater elevations were calculated using ground and top of casing elevations
surveyed in July 2014. Groundwater contour maps were created for the shallow and intermediate
intervals (Figures 7.0 and 8.0, respectively, Appendix A). Groundwater levels in the sandstone aquifer
were measured in six wells (04-SS, 05-SS, 07(R)SS, 11-SS, 13(R)SS, and 15(2R)SS. All remaining
sandstone wells are historically dry (01A-SS, 08-SS, 12-SS, and 14-SS). The historically dry wells have a
completed depth above the current groundwater level and are most likely too shallow to intersect the
groundwater level in the sandstone aquifer. A groundwater contour map for the sandstone wells was
created (Figure 9.0 in Appendix A).

The horizontal groundwater flow in the shallow and intermediate intervals is generally to the east
(consistent with the 2011 to 2023 groundwater flow). The groundwater flow direction in the sandstone
interval is generally to the south/southwest. Shallow monitoring well 14-SH is located on a small
topographic high bordered by low marshy land to the north and a small ephemeral stream to the east and
south. If the horizontal hydraulic conductivity is higher than the vertical hydraulic conductivity, then the
groundwater may be draining into these low-lying areas resulting in a consistently dry intermediate well
(14-IN).

The horizontal gradient is calculated for the shallow and intermediate till intervals from the groundwater
elevations recorded in the corresponding piezometers at locations 08 and 07 as they are positioned
approximately parallel to the groundwater flow direction. These gradients are 0.00026 metres per metre
(m/m) for the shallow wells and 0.015 m/m for the intermediate wells. The horizontal gradient in the
sandstone interval is typically calculated between the groundwater elevations recorded in the
corresponding wells at the locations 07 and 11, with a gradient of 0.0052 m/m.

The average linear groundwater velocity can be calculated from the following equation;

8= @
J@H

Where /= average linear velocity in m/s
K = hydraulic conductivity in m/s
adh = head difference between two monitoring wells in the same aquifer
d/= distance between the two monitoring wells
& effective porosity
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For the shallow and intermediate till, the effective porosity will be assumed to be 34%?. For the
sandstone, the effective porosity will be assumed to be 37%?2. On the basis of the hydraulic conductivities
(Section 2.2.2), horizontal gradients and assumed effective porosities, the average linear groundwater
velocities for the units are:

Shallow till — 0.0023 m/yr
Intermediate till — 0.018 m/yr
Sandstone — 14.07 m/yr

4.1.2 Hydrographs

Hydrographs showing the groundwater elevation through time in all wells (including decommissioned
wells) are shown on Figures 10.1 to 10.17 (Appendix A). The shallow and intermediate hydrographs
show that the groundwater elevation in these intervals is variable; this is expected in shallow aquifers that
are affected by the water table and seasonal precipitation. Exceptions to this include 04-IN and 14-IN.
04-IN usually has water punctuated by sporadic dry years in 2003, 2004, 2006, and 2013 (Figure 10.4,
Appendix A). The piezometer at this location was observed to be dry in 2014; however, the well was not
dry, indicating that poor wellbore integrity may be the cause of some of the dry observations. Well 14-IN
has been consistently dry since 1993 (with the exception of 2007), while the shallow interval (14-SH) is
not dry thus indicating the possibility of a perched water table or poor wellbore integrity (Figure 10.14,
Appendix A).

The sandstone hydrographs show that 01A-SS, 12-SS, and 14-SS are historically dry (Figure 10.1,
10.12, and 10.14, Appendix A), and 08-SS and 11-SS are often dry (Figures 10.8 and 10.11,

Appendix A). The hydrographs for the rest of the sandstone wells (04-SS, 05-SS, 07(R)SS, 13(R)SS,
and 15(2R)SS) show that the water levels are relatively stable, punctuated by periodic dry years

(Figures 10.4, 10.5, 10.7, 10.13, and 10.15, Appendix A). Dry measurements may occur when the water
level drops below the top of the pump. Low water levels may be a result of a completion that is too
shallow, borehole and completion integrity, drawdown caused by groundwater withdrawal from water
production wells in the area (e.g., 89-3), drought at the recharge location, or any combination of these
factors.

4.2 Field Parameters

Field parameters, including pH, electrical conductivity (EC), and temperature, were measured during
groundwater sampling on September 10 and 11, 2024. The historical field parameter measurements are
reported in Table 4.2 (Appendix D); the 2024 field parameter measurements are reported in Table 3.2
(Appendix D) and are summarized below:

Shallow Wells
Field pH ranged from 5.63 (01A-SH) to 7.26 (08-SH) with a geometric mean of 6.90

The temperature ranged from 7.30°C (11-SH and 12-SH) to 14.10°C (13-SH) with a geometric mean
of 9.84°C

EC ranged from 163 uS /cm (01A-SH) to 1034 uS/cm (07-SH) with a geometric mean of 563 uS/cm
Intermediate Wells

Field pH ranged from 6.64 (01A-IN) to 7.28 (12-IN) with a geometric mean of 7.03

The temperature ranged from 6.50°C (04-IN) to 11.90°C (03-IN) with a geometric mean of 8.52°C

EC ranged from 456 uS /cm (04-IN) to 785 uS /cm (05-IN) with a geometric mean of 539 uS /cm

! Silty till from Hazel, C.R. 1973.
2 Medium sandstone from Hazel, C.R. 1973.
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Sandstone Wells
Field pH ranged from 6.79 (89-3) to 7.73 (15(2R)SS) with a geometric mean of 7.15.

The temperature ranged from 8.40°C (07(R)SS) to 19.50°C (89-3) with a geometric mean of 10.72°C.
The high temperature from 89-3 was not used in the calculation of the geometric mean.

EC ranged from 315 pS/cm (13(R)SS) to 488 uS/cm (07(R)SS) with a geometric mean of 361 uS/cm.

Note that 89-3 was sampled from a tap in the pumphouse, hence, the temperature measured is not a true
indication of the temperature of the water in the aquifer.

4.3  Analytical Results

Laboratory analytical reports are presented in Appendix F.

The 2024 analytical laboratory results are reported with applicable assessment guidelines and QA/QC
results in the following tables located in Appendix D:

Table 3.3 Routine Water Analysis (Indicators, Major lons, etc.)
Table 3.4 Dissolved Metals

Table 3.5 Organics and Petroleum Hydrocarbons

Table 3.6 Polychlorinated Biphenyls Aroclors

Table 3.7 Adsorbable Organic Halogen

Table 3.8 Dioxins and Furans

Table 3.9 QA/QC Results

Historical analytical results (1985 to 2023) are reported in the following tables located in Appendix D:

Table 4.3 Routine Water Analysis

Table 4.4 Dissolved Metals

Table 4.5 Organics and Petroleum Hydrocarbons
Table 4.6 Polychlorinated Biphenyls Aroclors

Baseline data collected at the original monitoring wells between 1985 and September 1987 are reported
in the following tables located in Appendix D:

Table 5.1 Routine Water Analysis
Table 5.2 Dissolved Metals
Table 5.3 Organics

Time series graphs of indicators (TDS, chloride, sulphate, and TOC/DOC) and major ions (calcium,
magnesium, sodium, and bicarbonate) for all wells sampled in 2024 are presented on Figures 12.1 to
12.33 and Figures 13.1 to 13.33, respectively (Appendix A).

Figures 11.1 to 11.3 (Appendix A) and Table 6.0 (Appendix D) summarize the individual parameters
that exceeded the Alberta Tier Il Guidelines at each monitoring well in 2024. Figures 14.1 and 14.2
(Appendix A) present the time series data for the monitoring wells with a pH or iron result historically
above the Alberta Tier Il Potable Guidelines.

Analytical results that exceeded guidelines are highlighted in the analytical tables in Appendix D and are
summarized in Section 4.3.4.
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4.3.1 Quality Assurance and Quality Control (QA/QC)

Calculated RPD values were within the applicable alert criteria for all samples where calculated. The
absolute difference exceeded 2x the LRL for copper in 05-SH (duplicate 25-SH). The absolute difference
exceeded 2x the LRL for copper in 05-SS (duplicate 25-SS). Despite these exceedances, results from the
groundwater monitoring wells do not exceed the performance guidelines and concentrations are
consistent with historical results, so this does not impact the conclusion of this report.

The field blank is collected to ensure there is no contamination due to the conditions at the time of
sampling or resulting from the procedure and equipment used to collect the samples. All parameters are
expected to have concentrations below the detection limit (Tables 3.4 to 3.7 Appendix D). The analytical
results reported for the trip blank taken on September 11, 2024 (labelled “Trip Blank”) are consistent with
distilled water concentrations. The field blank results are consistent with distilled water concentrations.

Spiked samples were used as an additional test for laboratory accuracy. Two spiked samples were
prepared by ALS (Appendix F) and submitted to ALS for PCB analysis. The details of ALS spiked
samples and the sample name are as follows:

Two samples were spiked with 0.001 mg/L (+/-0.00003 based on the laboratory QA/QC procedures) of
Aroclor 1254 and 1260 and labelled 51-SH and 52-SH.

The spiked aroclors were the only aroclors detected for each sample. The results from ALS were:

51-SH — Aroclor 1254: 0.000673 mg/L, Aroclor 1260: 0.000702 mg/L
52-SH — Aroclor 1254: 0.000654 mg/L, Aroclor 1260: 0.000726 mg/L

The PCB spiked sample results are within the range of acceptable values based on the prepared
concentrations, therefore, PCB concentrations for sampled monitoring wells are considered reliable.

The analytical laboratory’s QA/QC report was reviewed, and the laboratory data has been assessed to be
reliable. The laboratory’s QA/QC report is included with the analytical data in Appendix F.

4.3.2 Statistics

Statistical analysis of the historical data for each well sampled in 2024 was conducted to determine data
outliers and statistical trends in the data over time. All statistical analysis was performed using ProUCL
software. The results of the Rosner’s/Dixon Outlier test are summarized in Table 7.1 (Appendix D) and
the ProUCL output is located in Appendix G. The results of the Sen’s Slope/Mann-Kendall trend analysis
are summarized in Table 7.2 (Appendix D) and the ProUCL output is in Appendix G. Table D shows the
wells where outliers were removed and the resulting trend analysis outcome:

Table D: Sen’s Slope/Mann-Kendall Trends Affected by Identified Outliers

Monitoring Well Parameter Trend — All Data Trend — Qutlier(s)

Removed

05-SH Zinc Decreasing Decreasing

06-SH Manganese Increasing Increasing

08-SH Calcium Increasing Increasing

15-SH TDS Increasing Increasing

17-SH Copper Decreasing Decreasing

13(R)SS Bicarbonate Decreasing Decreasing
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“EPA guidance directs that statistical outliers should not be removed or altered unless independent
evidence of an error exists” (Sanitas Technologies, 2009). This practice was continued with outliers
identified in ProUCL, therefore, the outliers (Table 7.1, Appendix D) were examined within the context of
spatially and temporally proximal results. The observations from this examination are reported in

Table 7.3 (Appendix D).

4.3.3 Piper Plot

A piper plot indicates similarities in geochemistry between water samples. The plot identifies similarities
by grouping major chemical cations and anions onto a common plot. The plots were created using
Grapher by Golden Software (Golden Software, 2023).

Separate piper plots were created for the shallow, intermediate, and sandstone intervals (Figures 15.1,
15.2, and 15.3, respectively, Appendix A). Figure 15.1 (Appendix A) shows that the groundwater from
all shallow interval monitoring wells is calcium bicarbonate type. 01A-SH has a low bicarbonate (102
mg/L) and sulfate (0.46) concentration and 07-SH has a high chloride concentration (220 mg/L) compared
to the other wells. Figure 15.2 (Appendix A) shows that the groundwater from all the intermediate
samples is calcium bicarbonate type. All the intermediate interval samples have very little chloride and
have a range of sulphate concentrations (<0.30 mg/L in 01A-IN to 131 mg/L in 05-IN). Figure 15.3
(Appendix A) shows that the groundwater from the six sandstone wells that were sampled (including 89-
3) are calcium bicarbonate type, except for 15(2R)SS, which shows a non dominant cation and a
bicarbonate anion.

4.3.4 Specific Parameter Results

4341 pH

All pH results for 2024 were within the guideline apart from 01A-SH with a value of 5.69 (field pH of 5.63),
and 07-SH with a value of 8.83, however the field pH for the well is 6.77. Since 2018, pH results for 01A-
SH have been below the Tier Il Potable Water guideline of 6.5 to 8.5. The pH time series graph showing
pH values for 01-SH (active from 1985 to 1992) and 01A-SH (active from 1993 to present) is shown in
Figure 14.1 (Appendix A). The pH for 01-SH [Decommissioned] ranges between approximately 7.00 and
8.00 including the baseline data. pH values from 01A-SH have been more variable and periodically less
than the 6.5 guideline. The Mann-Kendall trend analysis is conducted using laboratory pH data, to be
consistent with historical analysis. The Mann-Kendall trend analysis conducted on the combined 01-SH
[Decommissioned] and 01A-SH data shows a decreasing trend for pH. The Mann-Kendall trend for pH in
01-IN [Decommissioned] and 01A-IN is also decreasing (2024 pH is 7.01) while all other monitoring wells
have increasing or not significant trends. Prior to the 2024 event, historical pH results for 07-SH have all
been within the guideline of 6.5 to 8.5. The well shows an insignificant trend for pH.

4.3.4.2 Total Dissolved Solids (TDS)
The 2024 TDS concentration exceeded the Alberta Tier Il Potable Guideline (500 mg/L) in:

Seven shallow monitoring wells (03-SH, 05-SH, 06-SH, 07-SH, 11-SH, 13-SH and 14-SH)
o Concentrations ranged between 547 mg/L (14-SH) and 840 mg/L (07-SH)

Four intermediate monitoring wells (01A-IN, 03-IN, 05-IN and 06(R)IN)

o0 Concentrations ranged between 526 mg/L (01A-IN) and 747 mg/L (05-IN)

The 2024 TDS concentration exceeded the Alberta Tier Il Aquatic Life Guideline (500 mg/L) in:

One intermediate well (08-IN)
o Concentration is 519 mg/L

The TDS concentrations in the shallow and intermediate wells are typical of groundwater from till
deposits. Furthermore, these wells have historical results, apart from well 08-IN, that exceed the TDS
guideline (Table 4.3, Appendix D) and the TDS guideline is meant for treated potable water.
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4.3.4.3 Dissolved Iron

Figure 14.2 (Appendix A) and Table 3.3 (Appendix D) presents the monitoring wells with dissolved iron
concentrations that exceed the Alberta Tier Il Potable Guideline (0.3 mg/L) in 2024. The results above the
guideline are summarized in Table E below:

Table E: Dissolved Iron Results Above the Alberta Tier || Potable Groundwater Guideline

Monitori . Di | M -K ]
onitoring well Location issolved ann-Kenda

Well Iron (mg/L) Trend

Adjacent to the ERT Fire Training Pad and the Process Make- .
01A-SH Up Pond and South Pond 3.22 Not Significant

Adjacent to the ERT Fire Training Pad and the Process Make- L
01A-IN Up Pond and South Pond 16.0 Not Significant

The 2024 iron concentrations ranged from below the detection limit to 16 mg/L (01A-IN). The 2024 Mann-
Kendall Trend analysis (Appendix G) identified increasing iron concentration trends in:

Two intermediate wells: 06(R)IN and 12-IN

During well maintenance performed in May 2014 a reddish-orange film was observed on several bladder
pumps and tubing while others showed signs of oxidation (Photographs 1 and 2, respectively,
Appendix E). This indicated the presence of iron reducing bacteria (IRB) in the wells which could result in
elevated iron concentrations in the groundwater samples. Other possible sources may include: natural
iron concentrations in the groundwater, oxidation of the stainless steel casing, or contamination from
rusting steel casing protectors.

4.3.4.4 Dissolved Manganese

The 2024 dissolved manganese concentration exceeded the Alberta Tier Il Potable Guideline for
Commercial/Industrial Land Use (0.02 mg/L) in all of the monitoring wells except 03-SH, 03-IN, 05-SH,
08-IN, 13(R)SS, 16-SH and 17-SH. Manganese concentrations have been measured since the 1990s and
have typically exceeded the guideline in both up-gradient and down-gradient wells (Table 4.3,

Appendix D). Manganese concentrations above the Alberta Tier Il Potable Guideline for
Commercial/Industrial Land Use (0.02 mg/L) in till are of little concern since this groundwater source (clay
till) is not capable of supporting a potable water supply.

Furthermore, during well maintenance performed in May 2014, a black residue was observed on several
bladder pumps and tubing; the residue may be a result of manganese oxidation by IRB and may
contribute to the elevated manganese concentrations (Photos 3 and 4, Appendix E).

4.3.4.5 Dissolved Metals

Table 3.4 (Appendix D) shows that all groundwater samples in 2024 had concentrations below the
applicable Tier 2 guideline, except for 01A-IN, with an arsenic concentration of 0.0112 mg/L that
exceeded the guideline of 0.01 mg/L. Historical results show that arsenic has previously exceeded
guidelines in this well in 1999, 2001 to 2010, 2013 and 2014 and in 2019.

All of the groundwater samples tested for mercury in 2024 had concentrations below the laboratory
detection limit (0.000005 mg/L).

4.3.4.6 Petroleum Hydrocarbons (BTEX, F1)
Table 3.5 (Appendix D) shows that all groundwater samples in 2024 had concentrations below the
laboratory detection limit.
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4.3.4.7 Polychlorinated Biphenyls Aroclors

Table 3.6 (Appendix D) shows that all groundwater samples in 2024 had a total PCB concentration
below the detection limit (0.000010 mg/L) and Alberta Tier Il Potable Water Guideline (0.0094 mg/L).
Furthermore, all of the tested Aroclor concentrations were below the laboratory detection limit
(0.000010 mgl/L).

4.3.4.8 Adsorbable Organic Halogen
All groundwater samples tested for adsorbable organic halogens (AOX) in 2024 had concentrations below
the detection limit (0.020 mg/L).

4.3.4.9 Dioxin and Furan

In the wells tested, the majority of dioxin and furan concentrations in 2024 were below the various
detection limits. All Total Toxic Equivalent (TEQ) values are under the AEP Tier 1 guideline of 120 pg/L for
all sampling locations.

4.3.5 Other Significant Trends
4.3.5.1 Chloride

The chloride concentration for monitoring wells 01A-SH, 05-SH, 07-SH, 08-SH, 13-SH, and 17-SH have
increasing Mann Kendall trends (Table 7.2, Appendix D; and Appendix G); individual time series
chloride graphs can be found on Figures 12.1, 12.8, 12.11, 12.13, 12.16, and 12.22 (Appendix A). The
chloride concentrations in all these wells are below the Alberta Tier Il Potable Groundwater Guideline for
Commercial/Industrial Land Use (250 mg/L) both in 2024 and historically. Monitoring well 07-SH has a
2024 chloride concentration that is elevated (two orders of magnitude) above the other wells (220 mg/L).

The 2023 chloride concentration for 07-IN was above the laboratory detection limit of 0.50 mg/L with a
concentration of 0.84 mg/L. In 2024, the chloride concentration was below the detection limit. Chloride
has historically been low or below the detection limit (Figure 12.14, Appendix A). Monitoring location 07
is located on the northeast side of the Site, proximal and topographically below the parking lot. The
location of the monitoring well and the presence of chloride in the shallow groundwater, but not the
intermediate groundwater, indicates that the source of the chloride could have been a result of salt placed
on the parking lot and road in the winter.

The chloride concentration in 17-SH has ranged between less than the detection limit of 0.5 mg/L and
2.52 mg/L from 1994 to 2014. Since 2014, the chloride concentration has been an order of magnitude
higher with values of 12.2 mg/L, 21.8 mg/L, 18.5 mg/L,14.7 mg/L, 9.75 mg/L, 6.38 mg/L, 6.17 mg/L, 6.46
mg/L and 9.42 in 2015, 2016, 2017, 2018, 2019, 2020, 2021, 2022 and 2023 respectively. In 2024, the
chloride concentration was 8.11 mg/L. 17-SH is located on the Southeast side of the Site, adjacent to
landfill cells B2 and B3.

4.3.5.2 Total Organic Carbon (TOC) and Dissolved Organic Carbon (DOC)
TOC was analyzed until approximately 2006 when the analysis was changed to DOC. The historical
results are reported in Table 4.5 (Appendix D) and are graphed in Figures 12.1 to 12.33 (Appendix A).

The TOC and DOC concentrations are typically <15 mg/L in most of the wells. Monitoring wells with
higher DOC concentrations in 2024 are:

01A-SH - 55.4 mg/L

01A-IN — 30.4 mg/L
The TOC concentration in 01-SH/01A-SH and 01-IN/O1A-IN had an increase in 1993 (Figure 12.1 and
12.2, Appendix A). This timing was also coincident with sampling at 01A-SH and 01A-IN instead of the

corresponding decommissioned monitoring wells (01-SH and 01-IN; Table 4.5, Appendix D). The TOC
and DOC results have been elevated above baseline levels since that time.
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4.4  Interpretation

4.4.1 O01A-SH and 01A-IN

Many of the groundwater chemistry changes observed for well location 01 occurred when this monitoring
location was replaced by 01Ain 1993. Figures 6.1 and 6.2 (Appendix A) show that monitoring well
location 01 and 01A are located in approximately the same east-west location; however, 01A is located
south of 01. The decommissioning of 01 coincides with the construction of the F.B. & D. Kiln Facility.

The 2024 and the historical results at 01-SH/01A-SH show:

A TDS concentration (2024 — 202 mg/L) that is significantly lower than the typical TDS for the shallow
wells on the Site, and a decreasing Mann Kendall trend (Table 7.2, Appendix D; and Appendix G)

Elevated TOC and DOC concentrations in 01A-SH since 1993 (Figure 12.1, Appendix A)
A sulphur odour and white flakes observed during purging and sampling operations

A laboratory pH of 5.69 in 2024, with a decreasing pH trend (Table 7.2, Appendix D; and
Appendix G)

Elevated iron concentration (3.22 mg/L in 2024), with a trend that is not significant (Table 7.2,
Appendix D; and Appendix G)

Similarly, the results for 01A-IN show:

A more typical TDS concentration (526 mg/L in 2024), with a decreasing trend (Table 7.2,
Appendix D; and Appendix G)

Elevated TOC and DOC concentrations in 01A-IN since 1993 (Figure 12.2, Appendix A)
A more neutral pH (7.01), with a decreasing trend (Table 7.2, Appendix D; and Appendix G)

An elevated iron concentration (16 mg/L in 2024), with a trend that is not significant (Figure 14.2,
Appendix A; Table 7.2, Appendix D; and Appendix G)

These monitoring wells are completed in engineered fill, not natural clay till, and are adjacent to the ERT
Fire Training Pad, the Process Make-Up Pond and the South Pond on the west side of the Site

(Figure 5.1, Appendix A). The shallow and intermediate wells sample groundwater that is influenced by
the water table. The amount of infiltration of surface water and rainwater may be impacted by the
following factors: the engineered fill at this location may have a higher infiltration rate than the natural till,
and the proximal ponds contain rainwater and surface run-off water. A greater amount of surface and
rainwater infiltration is supported by the TDS concentrations in these wells. Rainwater typically has a very
low TDS concentration and monitoring location 01A has a much lower TDS concentration in the shallow
interval than in the intermediate interval.

The source of the elevated TOC and DOC concentrations in both 01A-SH and 01A-IN is unknown,
however, possible sources may include fires and firefighting materials used at the ERT Fire Training Pad
nearby, the composition of the engineered fill, or materials and construction processes used to build the
F.B.& D. Kiln Facility between 1994 and 1995. The presence of elevated TOC and DOC in these wells
may result in anaerobic conditions when carbon is aerobically decayed (Langmuir, 1997). It is noted that
no petroleum hydrocarbons or PCBs were detected in these wells.

A sulphur odour was observed while purging and sampling 01A-SH from 2013 to 2024. The results of the
sulphate reducing bacteria (SRB) test in 2015 indicated the presence of aggressive, anaerobic sulphate
reducing bacteria in 01A-SH. Sulphate reducing bacteria produce hydrogen sulphide (H2S) (Langmuir,
1997), which accounts for the sulphur odour and lower pH.
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4.4.2 Dissolved Iron

Elevated iron concentrations were observed at seven of the groundwater monitoring wells in 2018 and
2021, 11 in both 2019 and 2020, 5 wells in 2022 and 2 wells in 2023. In 2024, elevated iron
concentrations were noted for three groundwater wells (Section 4.3.4.3). The highest iron concentrations
in 2024 were observed in 01A-SH (3.22 mg/L) and 01A-IN (16 mg/L).

Concentrations in 01A-IN have periodically spiked above 20 mg/L in 2003 (29.6 mg/L), 2006 (32.8 mg/L),
2009 (26.9 mg/L), 2013 (33.8 mg/L), and 2014 (29.9 mg/L). The iron concentration in 01A-SH has been
relatively consistent (Figure 14.2 in Appendix A) since the well was first sampled in 1993, ranging
between 0.06 mg/L (2004) and 6.79 mg/L (1996; Table 4.3, Appendix D). Although these concentrations
are lower than those observed in 01A-IN, they are still higher than other concentrations observed at the
site (Table F in Section 4.3.4.3). During well maintenance activities in May 2014, a reddish-orange film
was observed on the pump and tubing in 01A-SH and on the tubing in 01A-IN. During the 2015
Groundwater Monitoring Program, nine samples were collected for an IRB test and an SRB test. The
number of days until a reaction occurs in the solution can determine whether the water contains
aggressive (many) bacteria or not aggressive (few) bacteria. All IRB and SRB reactions occurred within
the first day of sampling; therefore, all samples contain aggressive iron related bacteria. These bacteria
are the likely cause of the elevated iron concentrations seen in the monitoring wells.
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5. Conclusions

The 2024 Groundwater Monitoring Program was conducted as outlined in Approval No. 1744-03-00.
Based on the results of the monitoring program, the following conclusions are made:

Petroleum hydrocarbon (BTEX, PHC F1) concentrations were below the laboratory detection limit for
all wells sampled in 2024 therefore the groundwater at the Site is not impacted by petroleum
hydrocarbons.

PCB Aroclor and total PCB concentrations were below the laboratory detection limit for all wells
sampled in 2024, therefore the groundwater at the Site is not impacted by PCB.

Twelve of the wells completed in the till interval (shallow and intermediate wells) have TDS
concentrations above the Alberta Tier Il Potable Groundwater Guidelines, however, these
concentrations are consistent with baseline and/or historical observations, as well as expected TDS
concentrations for a till lithology.

Manganese concentrations exceeding the Alberta Tier Il Potable Groundwater Guideline were
observed in all monitoring wells except 03-SH, 03-IN, 05-SH, 08-IN, 13(R)-SS, 16-SH, and 17-SH.
Manganese concentrations have been measured since the 1990s and have typically exceeded the
guideline in both up-gradient and down-gradient wells; therefore, it is likely naturally occurring.
Manganese concentrations above the Alberta Tier Il Potable Guideline for Commercial/Industrial Land
Use (0.02 mg/L) in till are of little concern since this groundwater source (clay till) is not capable of
supporting a potable water supply.

Elevated iron and manganese concentrations may be a result of biological activity. Orange and black
residues and/or oxidation was noted on several bladder pumps and tubing during well maintenance in
May 2014. IRB tests from 2015 confirmed the presence of anaerobic iron related and enteric bacteria
in monitoring wells 01A-SH, 01A-IN, 04-IN, 04-SS, 07-SH, 07-IN, and 16-SH.

The elevated chloride concentrations in 07-SH may be caused by infiltration of run-off containing road
salt from the adjacent parking lot and road. Increasing chloride trends are observed in 01A-SH, and
07-SH. Monitoring well 07-SH is located in a low-lying area adjacent to a road and parking lot while
01A-SH is located on the plant site. Monitoring well 17-SH had an increase in chloride concentration
in 2015 compared to historical results, but the level is well below the guideline and has been falling in
the following years.

MW-01A:

0 The TDS and major ion groundwater chemistry of 01A-SH and 01A-IN appears to be affected by
rain and surface water infiltration.

o0 High DOC concentrations may be a result of the composition of the engineered fill, as well as
activity at the ERT Fire Training Pad. The high DOC probably results in anaerobic conditions in
the monitoring well. It is noted that no Aroclor PCBs or petroleum hydrocarbons were detected in
this well, thus the elevated DOC concentrations are from other compounds.

0 Sulphur odour and reduced pH in 01A-SH indicates the presence of sulphur reducing bacteria
that is confirmed by the results of the SRB test conducted in 2015.
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0. Recommendations

The current groundwater monitoring program should continue to be followed as dictated by Approval No.
1744-03-00. Based on the results of the 2024 groundwater monitoring program the following additional
recommendations are identified:

If dry piezometers are encountered, the water level in the corresponding well should be measured
with clean equipment to verify if the well is dry or if the piezometer is compromised.

In connection to the 2022 Annual Groundwater Monitoring Report (AECOM, 2023a), a groundwater
monitoring well network condition report and sandstone groundwater monitoring well replacement
plan was developed by AECOM (AECOM, 2023b), which summarized well network maintenance
recommendations based on 2022 field observations and outlines the sandstone wells needing
replacement with locations and rationales provided. Veolia is currently implementing this program by
abandoning dry or damaged wells and installing new monitoring wells. It is recommended to include
these new wells into the monitoring program by purging and monitoring them during the 2025
monitoring program.

Review of road salt use at and around the Site and alternative measures implemented in 2025 to
address chloride increases at selected locations. Sample surface water in the road ditches
upgradient of the Site to investigate the source of the chloride concentration increase in well 07-SH.

Alberta Environment and Protected Areas has recommended that dioxins and furans should be
sampled for in select shallow wells for three years (2022, 2023 and 2024) as part of the annual
monitoring program. Since three years of data has been collected and the results are two to three
orders of magnitude below the applicable guideline, the monitoring frequency is recommended to be
adjusted to once every five years.

Conduct groundwater monitoring in the fall of 2025 with the sampling event performed a minimum of
one week after the purging event to allow monitoring wells to sufficiently recover.
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