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1. Introduction

On behalf of the Municipality of Kincardine (Municipality), GHD has prepared this report to present the environmental
monitoring results from the Kincardine Ward 3 Landfill Site (Ward 3 Landfill or Site). This report discusses monitoring
data from January 1, 2023 to December 31, 2023 (herein referred to as the current reporting period).

The Site is located approximately 13 kilometres (km) east of Lake Huron on the eastern half of Lot 17, Concession 2 in
the former Township of Bruce in the Municipality of Kincardine. The Site location is provided on Figure 1.1.

The Site operates under Environmental Compliance Approval No. A272001 (ECA) which was issued on
September 22, 1986. The ECA applies to a total Site area of 20.5 hectares (ha). The ECA was last amended
February 19, 1998 to incorporate the Plan of Development and Operation (Maitland Engineering Ltd., 1993), which
governs the Site's current operation and monitoring requirements. The amendment to the ECA in 1998 included the
addition of a condition that waste placement is not to occur below an elevation of one-metre above the high
seasonable water table and that the Site should be developed in accordance with the Plan of Development and
Operation. No additional amendments have been made to the ECA since 1998.

Copies of the Site's original ECA and subsequent amendment are included in Appendix A.

2. Site Setting

The geographic, geologic, and hydrogeologic configuration for the Site has been described in previous reports
completed by Burnside, Golder, AMEC, and Pryde (Pryde Schopp McComb, 2008). A summary of the Site setting is
provided in the proceeding sections. The existing Site conditions, including the existing monitoring network locations,
are illustrated on Figure 2.1.

21 Site Topography and Drainage

The Site is located on a gently westerly sloping area. Regionally, the overburden is incised by surface water bodies in
gullies and channels. Shallow groundwater is interpreted to discharge to the surface water channels occupying the
gullies and channels and thus shallow groundwater flow is anticipated to vary according to local surface drainage and
topography. Drainage at the Site is conveyed to the northwest of the landfill footprint via three channels. First, a
drainage swale which captures surface water from the western and southern portions of the Site, second, a short
natural stream originating in the forested area to the west of the landfill footprint, and, finally, an intermittent stream
that flows adjacent to the northern landfill footprint.

Regionally, this surface water will ultimately discharge to Lake Huron.

The land surrounding the Site is heavily vegetated with brush and trees or open pasture/farmland.

2.2 Geology

The Site is located within the physiographic region known as the Huron Slope. The Huron Slope consists of a bevelled
clay till plain named the St. Joseph Till with the twin beaches of glacial Lake Warren and Wyoming Moraine (Chapman
and Putnam, 1984). Typically, overlying this silty clay unit are more granular deposits such as silty sands of fine to
medium grain size.

Regional geology mapping taken from the Soil Survey of Bruce County, Report No. 16 of the Ontario Soil Survey
describe the surficial soils of the area as consisting of sandy loams of the Berrien and Donnybrook series overlying a
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clay loam of the Perth series. The sandy loams show imperfect to good drainage and belong to the grey-brown
Podzolic group while the clay loam shows imperfect drainage and belongs to the same group.

A review of water well records from nearby residential wells indicates that the bedrock surface is found at
approximately 30 metres (m) (100 feet) below ground surface (mBGS). Due to highly variable ground surface the
overburden thickness is believed to vary significantly in the region. The bedrock surface is at an approximate 210 m
above mean sea level (AMSL) and consists of Middle Devonian Age, Paleozoic rock. The upper portion of the bedrock
consists of a buff to brownish grey dolomite of the Detroit River Group. Regionally, bedrock dips southwesterly
towards Lake Huron.

Previous soil investigations have revealed that the surficial overburden at the Ward 3 Site consists mainly of brown
silty sand deposits with lenses of sand and gravel and an intermittent clayey silt unit. Underlying the Site is a massive
grey clayey silt/silty clay till (the St. Joseph Till).

The available stratigraphic logs for the Site have been included in Appendix B.

An up-to-date geological cross-section is provided on Figure 2.2. The cross-section provides an illustration of the
geology described above.

2.3 Hydrogeology

Groundwater flow in the overburden is controlled mainly by regional surface topography. The water table is found at
depths of approximately 1 to 3 mBGS. Groundwater in the overburden materials (i.e., the silty sand and upper
fractured zone of the massive grey silty clay till) forms a thick unconfined, water table aquifer with predominantly
lateral flow. An un-monitored aquifer is expected to exist within the shallow bedrock below the grey clay till. The clay
till forms a confining layer separating the shallow bedrock aquifer and the upper shallow groundwater unit. Due to the
much lower conductivity observed in the massive lower clay till it is expected that groundwater flow within this unit is
largely vertical and very slow. Regionally, the groundwater in the shallow bedrock aquifer is interpreted to flow to the
northwest towards Lake Huron while flow in the overburden is largely influenced by surface water drainage channels.

Groundwater flow direction has been relatively consistent and in general, groundwater within the shallow flow zone
flows to the north across the Site with some deflection of contours near the southwest corner of the Site. This is likely
due to groundwater and leachate mounding associated with the waste mound and is consistent with observations of
leachate-related water quality impacts at MW12 and MW14.

Horizontal hydraulic gradients in the water table aquifer are relatively consistent and, historically, have been on the
order of 0.008 m/m. While no Site-specific hydraulic conductivity testing has been completed, hydraulic conductivities
for the surficial silty sand aquifer at the Kincardine Waste Management Centre were reported in the Hydrogeologic
Characterization and Design Assessment Report (CRA, 2010) to be approximately 6.4 x 10 centimetres per second
(cm/sec) with a corresponding groundwater velocity of about 40 m/year using an effective porosity of 30 percent.

2.4 Landfill Details

The Ward 3 Site provides waste disposal for residents of the entire Municipality of Kincardine; however, Ward 3 only
accepts waste dropped off by private vehicle (i.e., no curbside pickup). The current ECA allows for the disposal of
domestic, non-hazardous, solid industrial wastes, and limited miscellaneous debris from agriculture such as wire,
stumps, and scrap metal. The ECA also allows for the burning of some wastes namely, brush, lumber, and clean
wood. See Figure 2.1 for the approximate area of the burning location.
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3. Site Operations

During the current reporting period Site operations were completed in general accordance with the Development and
Operations Plan (Maitland Engineering Ltd., 1993) and the conditions of the ECA. However, the Municipality has
temporarily stopped accepting waste at the Site with waste being sent to KWMC instead. No waste was accepted at
the Site. The Municipality has continued to incinerate wind-dried brush and untreated lumber under supervision as
described below.

3.1 Daily Landfill Operations

Under normal operating conditions, daily landfill operations at the Site were conducted by Municipal staff. Daily
operations included monitoring the origin of incoming waste, collecting tipping fees, disposing, and compacting waste,
applying daily cover soil, and segregating recyclable and recoverable waste materials. Site staff were supplemented
by other Municipal staff on an as-required basis for minor construction projects.

The sign at the Site entrance provides the hours of Site operation. During previous reporting periods, the hours of
operation for the Site were as follows:

Tuesday 12:00 — 8:00 p.m. (Summer only)
Saturday 8:00 — 11:30 a.m. (Summer only)

In previous years, the Site operated only during the summer in order to streamline the Municipality's waste disposal
operations. In 2022, receipt of waste began on the Saturday of Victoria weekend in May and ceased on the
Thanksgiving weekend in October.

GHD prepared a letter describing the details of the closure for the Ministry of the Environment, Conservation and
Parks (MECP). The letter, dated October 10, 2012, is included in Appendix C - MECP Correspondence.

The Municipality has also used the Site for disposal of impacted soils or large demolition projects. To GHD’s
knowledge, no such waste was received at this site in 2023.

3.1.1  Waste Management Operations

Before temporarily closing in 2023, the Site accepted Municipal waste from private vehicles only. The waste was either
recycled or disposed of, as discussed in the proceeding sections. Waste material separated for off-Site
recycling/disposal was temporarily stored/stockpiled at the Site and these stockpiles are identified on Figure 2.1.

3.1.2 Incineration

Incineration operations consisted of incinerating wind-dried brush and untreated lumber. Incineration operations were
conducted under full-time supervision by Municipal staff for short durations during appropriate weather conditions.
Incineration operations were conducted when the Site was closed.

3.1.3 Waste Recycling

The waste recycling/diversion for the Municipality is conducted at the KWMC. A detailed discussion of the
Municipality's waste recycling/diversion efforts (i.e., waste types, volumes, procedures) is provided in the 2023 Annual
Monitoring Report for the KWMC (GHD, 2023).
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3.1.4 Waste Disposal

In previous years, waste disposal operations were conducted by above-ground landfilling using the ramp method in
accordance with the Plan of Development and Operations. The equipment used for waste disposal operations
included a bulldozer to place and compact waste and daily cover soil.

Pending reopening and based on the remaining landfilling capacity (discussed in the following section), the following is
the short-term fill plan that has been proposed for the Site:

— ltis recommended that the Municipality continue placing waste in Stage 1 until reaching the final waste contours.
Grade stakes should be placed to provide guidance.

—  Once the final waste contours in Stage 1 are reached, landfilling operations should occur primarily within Stage 2.
Proper grading is to be achieved in preparation for final cover placement. Grade stakes should be placed at this
time to provide guidance to the Site operator to construct an appropriate waste lift thickness.

—  Preparation for, and waste disposal activities within Stage 2 should be completed in accordance with the Plan of
Development and Operation (Maitland Engineering Ltd., 2009) with the exception of the base of the trench which
should be adjusted to be at least 1 m above the groundwater table.

Litter control fences are located in the vicinity of the active disposal area and are adjusted, as necessary to capture
windblown litter. Throughout the reporting period, Municipal staff ensured that windblown litter and dust emission were
minimized and completed regular inspection of Site conditions.

3.2 Site Capacity and Projected Site Life

The remaining waste capacity for the landfill was calculated based on a comparison between the December 2019 and
August 3, 2021 topographic surveys, the proposed final contours for the landfill from the Development and Operations
Plan, and the restrictions on the trench excavation to maintain the base of the trench approximately 1 m above the
ground water table. As no waste was deposited at the Site in 2023, the following provides an overview of the
remaining site capacity based on 2022 estimates:

voume )

Waste Disposal Footprint 68,700

Active/ Completed Waste Disposal Area 24,611

Above Grade Waste Disposal Volume 103,365
Below Grade Waste Disposal Volume 22,000
Estimated Remaining Waste Disposal Capacity 93,197

The amount of waste disposed of at the Site varies based on Site use. Using the December 2019 and August 2021
topographic surveys, it is estimated that 2,267.8 m3 of waste were placed at the Site between these dates (municipal
solid waste and waste soils). This corresponds to a waste fill rate of approximately 1,358 m3/year. Waste fill rates and
Site life are dependant on Site usage and waste settlement. Thus, it is recommended that the Site life estimates be
revisited once the Municipality re-opens the Site. The next topographic survey should be completed 1 year following
re-opening of the Site and should be used to support new Site life estimates.

3.3 Complaints

GHD is unaware of any complaints made during the current reporting period (i.e., there were no complaints received
by Municipal staff members in regard to litter, odour, noise, or other operational aspects of the Site).
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3.4 MECP Correspondence

In 2021, the MECP provided comments on the surface water portion of the 2019 AMR (GHD, 2020) in a letter dated
February 23, 2021. In the letter, a number of additional surface water stations were proposed in order to further
investigate surface water quality downstream of the landfill footprint. On behalf of the Municipality, GHD reviewed the
MECP comments and provided an email response on February 24, 2021.

An additional four surface water monitoring stations were added to the 2021 monitoring program including:

—  SW8 — drainage swale prior to SW3
—  SW9 - intermittent creek prior to SW3
—  SWH10 - intermittent creek down stream of confluence with drainage swale

— SW11 —drainage swale prior to input from adjacent field (see Ward 3 screen shot to see what appears to be
drainage/depression from adjacent field to drainage ditch along the property line)

The locations of the additional monitoring stations are illustrated on Figure 2.1.

Most recently, in an email dated December 28, 2023, the MECP requested the 2023 data for the additional surface
water sampling stations. The data was requested to consider the municipality’s proposal to remove these three
additional sampling stations in response to GHD’s 2022 Annual Monitoring Report for Ward 3. GHD responded to the
MECP email on January 17, 2024. GHD notified the MECP that the 2023 Annual Monitoring Report was in progress
and will include an assessment of the data. GHD also notified the MECP that SW8, SW9, and SW10 were dry or had
insufficient flow/too turbid to collect a representative sample during 2023.

The 2021 through 2023 analytical results represent three years of data. Recommendations are provided for
permanent changes to the surface water monitoring program.

For reference, a copy of the MECP letter is provided in Appendix C.

Previous to the February 23, 2021 letter, the MECP provided comments on the surface water portion of the 2010 and
2011 AMRs in letters dated December 7, 2011 and June 12, 2012. GHD received comments on the 2012 and 2013
AMRs in letters dated July 7, 2014 and August 11, 2014. MECP comments on the 2015 Annual Monitoring Report
were received in a letter dated June 3, 2016. The letter states that the MECP generally concurs with the report.

At the time of writing this report, comments on the 2016, 2017, or 2018 AMR (GHD, 2017, GHD, 2018 and GHD,
2019) or groundwater portion of the 2019 AMR (GHD, 2020) have not been received by the Municipality or GHD.
Comments on the 2020 and 2021 AMR (GHD, 2021 and GHD 2022) have not been received.

4. 2023 Water Quality Monitoring Program

The water quality monitoring program was conducted at the Ward 3 Landfill semi-annually, in May 19 and
November 7, 2023 (spring and fall). The monitoring program consists of hydraulic (water level) monitoring,
groundwater, surface water, and leachate sample collection and laboratory analysis for selected analytical
parameters. Table 4.1 provides a list of monitoring locations and analytical parameters. The analytical parameter list
and monitoring program was defined by the Municipality in the contract awarded to GHD for the monitoring of the
three landfill sites located within the Municipality.

4.1 Monitoring Network

The on-Site monitoring well network has not been surveyed for geodetic ground surface and reference elevations. As
such, the elevations provided in Tables 4.2 and 4.3 are relative to a chosen benchmark elevation.
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The current monitoring network at the Ward 3 Landfill consists of 13 on-Site monitoring wells, 10 surface water
monitoring locations, three leachate monitoring locations, and two gas probe monitors that are nested with two of the
leachate wells. Figure 2.1 provides the monitoring locations. The previous monitoring network included two off-Site
residential well locations; however, both were removed from the monitoring program in 2013 due to consistent
analytical results showing no landfill-related impacts.

4.2 Water Quality Sampling Protocol

Following standard sample collection protocols, GHD personnel collected groundwater, surface water, and leachate
quality samples. All groundwater wells were purged a total of three well volumes and then sampled, unless the well
was purged dry, in which case the groundwater sample was collected the same day after allowing the well to recover
for up to several hours. All groundwater samples collected for dissolved metals parameters were filtered in the field
using a 0.45 micrometre (um) in-line filter. As stipulated within the Provincial Water Quality Objectives (PWQO)
(MOEE, revised 1999), surface water samples to be analyzed for aluminum and mercury are also field filtered.

Sampling protocols were designed to ensure representative water quality samples were obtained. During the
monitoring events, field notes including water level, purging information, and field-measured parameters were
recorded.

4.3 Sample Analysis

The groundwater, surface water, and leachate samples were analyzed for a comprehensive list of analytical
parameters as stipulated in the monitoring contract. Table 4.1 lists the monitoring locations and analytical parameter
list.

4.4 Quality Assurance/Quality Control Program

The Quality Assurance/Quality Control (QA/QC) program involved both field and laboratory measures to identify any
form of sample contamination that might have occurred, or if any lack in precision of the analytical methods employed
by the lab was evident. In addition, the QA/QC program addresses the potential source and degree of contamination
or analytical imprecision.

The laboratory QA/QC program consisted of the analysis of method blank samples, laboratory spike samples, and
surrogate recovery samples. Analyses of these samples were conducted in conjunction with the analyses of each
batch of investigative samples.

The field QA/QC program consisted of the collection of field duplicate samples and the preparation of field blank
samples. Field blank and field duplicate samples were collected at a frequency of one each per sampling event.
Duplicate samples were collected from MW3 and MWS5 during the spring and fall 2023 monitoring events, respectively.

All analytical data received were validated by a review of the standard quality control criteria including blind split
sample analysis, blind field blank analysis, and trip blank analysis. Results of statistical comparisons between original
and field duplicate samples is conducted through calculating the Relative Percent Difference (RPD) following the
MOE'’s Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the Environmental
Protection Act (MOE, March 9, 2004, amended July 1, 2011). Relative percent difference provides an absolute
difference between the original and split or field duplicate samples using the following equation:

X1 — X2

RPD = (<x1 —%)/2

)xlOO%

Where:

X1 and X2 are the respective concentrations of analytes from the original and split/duplicate sample.
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An RPD value that is below 30 percent is considered the acceptable level for differences; parameters that have an
RPD greater than 30 percent should be considered estimates. For instances where analytes were detected in one
sample and not detected in the other, the detection limit was used to calculate the RPD for the non detect. If the
detected value was lower than the detection limit of the other sample, an RPD could not be calculated due to
uncertainty. Where both the original and split/duplicate sample were below laboratory reporting limits, the RPD could
not be calculated due to differing reporting limits.

Parameters detected in field blanks should also be considered estimates.
The complete analytical data assessment for the current reporting period is included in Appendix D.

Appendix D shows that the Fall 2023 duplicate and original samples were generally a good match. Only aluminum and
orthophosphate were above the 30 percent RPD limit. However several metal parameters were above the 30 percent
RPD limit in the Spring 2023 original and duplicate sample. This included aluminum, boron, calcium, iron, magnesium,
manganese and potassium. Hardness also exceeded the 30 percent RPD limit in spring 2023. The analyses of each
listed parameter, in their respective data sets, should be considered estimates. Several low-level detections were
made in the field blank samples. These parameters should be considered as estimates.

The qualifications of the above analytes as estimates do not significantly alter the interpretation of the data or affect
the conclusions provided in this report. The analytical data are of good quality to be used in assessing the ongoing
environmental performance at the Site.

4.5 Monitoring Program Deviations

The following table details the deviations from the 2023 monitoring program.

2023 Monitoring Program Deviations

Monitoring Monitoring Reason
Location(s) Event

GP1, GP2 Spring Flooded screen
SW8, SW9, SW10 Spring, Fall Dry, insufficient flow or too turbid
MW9 Spring No access; unable to sample due to tubing jam.

GHD was able to clear the jam during the fall event

MW10 Spring and Fall Not Found

5. Monitoring Results

5.1 Hydrogeology

Groundwater elevations for the spring and fall 2023 monitoring events are presented in Table 4.3. The May and
November 2023 groundwater contours for the landfill area are presented on Figures 2.3 and 2.4, respectively.

The 2023 groundwater flow direction is relatively consistent with historical results. In general, groundwater within the
shallow flow zone flows to the north across the Site with some deflection of contours near the southwest corner of the
Site. This is likely due to groundwater and leachate mounding associated with the waste mound and is consistent with
observations of leachate-related water quality impacts at MW12 and MW14.

Horizontal hydraulic gradients in the water table aquifer in 2023 were relatively consistent from spring to fall monitoring
periods. The average 2023 horizontal hydraulic gradient was 0.008 m/m and ranged from 0.006 m/m to 0.009 m/m.
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5.2  Groundwater Quality

The results of the water quality monitoring program are discussed in the following sections. The groundwater quality is
assessed using the MECP criteria listed in the Ontario Drinking Water Standards (ODWS) (MOE, 2003) for
comparative reference. Surface water quality has historically been assessed with respect to MECP criteria listed in the
PWQOs.

Groundwater quality is also assessed with respect to the MECP Guideline B-7 "Incorporation of the Reasonable Use
Concept into MOEE Groundwater Management Activities" (MOEE, 1994). The discussion with respect to this guideline
is presented in Section 6.

Currently, several leachate indicator parameters have been selected to evaluate the effects of the landfill on
surrounding water quality consisting of:

Chloride Formed in part by the degradation of paper products, food wastes, and a major component of
salts
Alkalinity Caused by the increased concentrations of carbonate, bicarbonate, and hydroxide ions due to the

waste materials

Hardness Caused by the increased concentrations of calcium and magnesium ions due to the waste
materials and more acidic pH breaking down the native lime-rich soils

Iron Caused by the oxidation and dissolution of iron materials including iron sulphide minerals and the
reduction of ferric (Fe3+) iron oxides to ferrous (Fe2+) iron oxides (generally from mineral
coatings on soil particles in native overburden deposits) during microbial degradation of naturally
occurring and anthropogenic organic compounds

Manganese Caused by the oxidation of various metallic materials and the breakdown of food wastes as well
as from the reduction of naturally occurring manganese oxides

Conductivity Electrical conductivity is a measurement of the ability for water to conduct electrical current
through it. This ability is directly linked to the dissolved materials in an aqueous solution. An
increase in conductivity corresponds with an increase in dissolved materials such as those
originating from the landfill

Many other analytical parameter concentrations also change in leachate-impacted water, but not generally at the high
levels of change as noted in the above-listed parameters. Ammonia, boron, sodium, and dissolved organic carbon
(DOC) are also important supplementary indicator parameters. Concentrations of these parameters, combined with
the above-referenced parameters, can provide valuable interpretive information regarding the presence and migration
of landfill-derived water quality impacts.

The last 5 years (2019 — 2023) of water quality data for leachate, monitoring, and surface water quality are included in
Tables 4.4 through 4.6. Historic water quality data is provided in Appendix E.

Concentration versus time plots which illustrate historic (and current) analytical results are provided for all locations in
Appendix F. These plots are discussed in the sections below.

Alkalinity, hardness, and pH concentrations are given consideration in the evaluation of water quality; however, the
ODWS criteria established for these parameters are operational guidelines set for water treatment plant operations
and are thus not relevant to landfill water quality evaluations. As such exceedances of ODWS Operational Guidelines
(OG) for alkalinity, hardness, and pH are not highlighted within the analytical data tables or in the summary tables
embedded within the text.

The following sections discuss the groundwater quality results from the current reporting period. Water quality is
discussed in an upgradient to downgradient fashion and focuses on a comparison of water quality between upgradient
(non-impacted), leachate, and water quality at individual monitoring locations.
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5.2.1 Upgradient and Background Groundwater Quality

Upgradient groundwater quality at the Site is represented by monitoring wells MW3 and MW11. Water quality at these
locations has shown little to no evidence of landfill-related water quality impairments. Both wells are located near the
eastern Site boundary. MW3 is located upgradient of the North Disposal Area and MW11 is located on the upgradient
side of the current landfilling area in the southern portion of the Site.

The leachate indicator parameter concentrations from the background wells for the current reporting period are
summarized in the tables below (spring | fall):

Parameter Median Background
(mgl/L) (2019 — 2023)

Chloride (AO) <1(<1)]2 3|4
Alkalinity (OG) 30 — 500 190 160 (156) | 156 235 | 222
Hardness (OG) 80 — 100 191 502 (113) | 109 232 | 200
Iron (AO) 0.30 0.22 1.87 (0.027) | 0.035 0.432 | 0.22
Manganese (AO) 0.05 0.0025 1.13 (0.00117) | 0.00217 0.02143 | 0.0171
Conductivity, lab (uS/cm) - 485.5 396 (392) | 393 626 | 602
Notes:

Bold concentration exceeds ODWS

(1060) — Duplicate sample results

AO — Aesthetic Objective; OG — Operational Guideline

Concentrations are presented in mg/L with the exception of conductivity measured in units of yS/cm

The low concentrations of indicator parameters in these wells reported during 2023 are generally consistent with
historical results and indicate that leachate impacts are not present in groundwater at these locations. These locations
continue to provide suitable representations of background water quality at the Site.

The original spring 2023 results from MW3 did not match historical ranges for many metals parameters while the
duplicate sample results did. It is unclear what influenced the results of the original sample; however, the median
calculations have not been impacted and median results remain a good representation of water quality flowing onto
the Site.

The concentration versus time plots in Appendix F show overall stable water quality at both MW3 and MW11 (with the
exception of the abnormal results from the spring 2023 sample collected at MW3).

5.2.2 Leachate Quality

The current fill area is monitored by three wells, LW1-S, LW1-D, and LW2. LW1-S and LW1-D were completed at
shallow and deep intervals respectively, on the northwestern, downgradient corner of the current landfill area. LW2
was originally installed as a nested shallow and deep monitoring well; however, the deep well was consistently dry and
was removed from the monitoring network. LW2 is the shallower well located just northwest of the north disposal area.

The leachate indicator parameter concentrations from the leachate wells for the current reporting period is
summarized in the table below (spring | fall):

Parameter LW1-S LW1-D
(mglL)

Chloride 5|6 8| 37
Alkalinity 397 | 165 305 | 370 143 | 143
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Parameter LW1-S LW1-D LW2
(mg/L)

Hardness 2210 | 453 394 | 2750 121 | 128
Iron 86 | 7.07 28.6 | 48.3 0.897 | 1.66
Manganese 2.74 | 0.387 1.37 | 2.86 0.0637 | 0.0476
Conductivity, lab (uS/cm) 374 | 351 680| 975 369 | 366

Note:
Concentrations are presented in mg/L with the exception of conductivity measured in units of yS/cm

Given the proximity of LW2 to the waste footprint(s), indicator parameter concentrations indicate very weak leachate
quality. Concentration of iron and manganese concentrations in LW1-S are elevated compared to the ODWS, but
concentrations of chloride, alkalinity, and hardness are only slightly elevated above background. This indicates weak
leachate.

LW1-D is screened within the silty clay unit (likely the massive St. Josephs Till unit) at a depth of 13.6 to 15.2 mBGS.
Water quality at LW1-D shows little evidence of landfill related impacts in the immediate vicinity of the landfill footprint.

The concentration versus time plots in Appendix F show increasing trends in LW1-S; however, concentrations of key
leachate indicator parameters are steady and low in LW1-D and LW2.

As illustrated in Appendix F, concentrations of several indicator parameters spiked in the spring 2023 sample collected
from LW1-D and hardness and manganese spiked in the fall 2023 sample from LW1-S. The cause for the spikes is
unknown but these results are likely anomalous. Continued monitoring will provide insight into long-term changes in
leachate quality at the Site.

5.2.3 Southern Landfill Area Landfill Vicinity Groundwater Quality

Monitoring wells MW5, MW6, MW12, MW13, and MW14 represent groundwater quality in the vicinity of the southern
landfill area.

Groundwater flow patterns in the southern landfill area are variable. Historically, groundwater flow was directed such
that MW12 and MW13 were interpreted to be predominantly cross-gradient from the landfill and MW14 was located
upgradient. However, several spring hydraulic monitoring events, have shown a semi-radial flow pattern centred on
the landfill mound. The radial flow pattern places MW12 and MW14 in down to cross-gradient positions. The
groundwater flow patterns are illustrated on Figures 2.3 and 2.4 for the spring and fall monitoring events, respectively.

The leachate indicator parameter concentrations from the southern landfill area wells for the current reporting period
are summarized in the tables below (spring | fall):

Parameter Median Background
(mg/L) (2019 — 2023)

Chloride (AO) 7131 8|7

Alkalinity (OG) 30 — 500 190 259 | 237 (260) 236 | 139

Hardness (OG) 80— 100 191 272 | 208 (207) 61.6 | 60.5

Iron (AO) 0.30 0.22 0.01 | <0.007 (0.014) 0.025 | 0.02

Manganese (AO) 0.05 0.0025 0.00151 | 0.00221 0.00055 |0.00163
(0.00252)

Conductivity, lab - 485.5 519 | 505 (500) 263 | 269

(uS/cm)

Note:

Bold concentration exceeds ODWS
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Parameter Median Background
(mg/L) (2019 — 2023)
(1060) — Duplicate sample results

AO — Aesthetic Objective; OG — Operational Guideline
Concentrations are presented in mg/L with the exception of conductivity measured in units of uS/cm

Parameter Median MwW13
(mgl/L) Background

(2019 — 2023)
Chloride (AO) 250 2 5|4 <1]2 2|7
Alkalinity (OG) 30 — 500 190 606 | 500 226 | 241 452 | 608
Hardness (OG) 80 — 100 191 607 | 461 259 | 238 161 | 552
Iron (AO) 0.30 0.22 14.7 | 9.91 0.017 | 0.023 0.763 | 14.4
Manganese (AO) 0.05 0.0025 0.299 | 0.21 0.00235 | 0.05598 | 1.54

0.00286

Conductivity, lab - 485.5 1090 | 933 418 | 457 929 | 1120
(uS/cm)
Notes:

Bold concentration exceeds ODWS
AO — Aesthetic Objective; OG — Operational Guideline
Concentrations are presented in mg/L with the exception of conductivity measured in units of yS/cm

The following observations are drawn based on the current water quality and a review of the concentration versus time
plots (Appendix F):

—  Water quality at monitoring wells MW6 and MW13 is stable and continues to remain comparable to background
levels. There is no evidence of landfill-related water quality impairments at these locations.

— Indicator parameter concentrations at MW5 are generally similar to background with the exception of some recent
increasing trends in concentrations of chloride, hardness, and alkalinity that returned to background levels in fall
2023.

— Indicator parameter concentrations at MW12 and MW 14 are elevated in comparison to background water quality,
with the exception of boron. Although chloride levels are close to background concentrations in recent years,
chloride concentrations have also been consistently low in the leachate monitoring wells. Iron and manganese
concentrations at MW12 and MW14 have shown some variability but remain well above background levels.
Groundwater water quality at MW14 is seasonally variable with elevated concentrations in the spring sampling
events.

—  The water quality impairments observed at MW12 are interpreted to be primarily landfill-related but show potential
decreasing trends.

—  The results from MW14 show indicator parameters elevated above concentrations observed in LW2 and are
comparable to LW1-S. Leachate-related water quality impairments are apparent at monitoring well MW14.

5.2.4 Northern Landfill Area Landfill Vicinity Groundwater Quality

Monitoring wells MW1 and MW2 represent groundwater quality in the vicinity of the northern landfill area. Based on
the current groundwater flow directions, MW?2 is located cross-gradient and MW1 is located downgradient of the
landfill area.
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The leachate indicator parameter concentrations from the northern landfill area wells for the current reporting period
are summarized in the tables below (spring | fall):

Parameter Median
(mgl/L) Background

(2019 - 2023)
Chloride (AO) 250 2 18 | 25 8|7
Alkalinity (OG) 30 - 500 190 465 | 530 306 | 332
Hardness (OG) 80 — 100 191 604 | 511 116 | 316
Iron (AO) 0.30 0.22 0.118 |0.13 0.044 | 0.17
Manganese (AO) 0.05 0.0025 0.00865 | 0.0417 0.0104 | 0.0245
Conductivity, lab - 485.5 946 | 1120 597 | 662
(uS/cm)
Notes:

Bold concentration exceeds ODWS
AO — Aesthetic Objective; OG — Operational Guideline
Concentrations are presented in mg/L with the exception of conductivity measured in units of yS/cm

The following observations are drawn based on the current water quality and a review of the concentration versus time
plots (Appendix F):

— Indicator parameter concentrations at MW1 are slightly elevated relative to background levels; indicator
parameter concentrations at MW2 are generally more comparable to background levels but are elevated in some
parameters. This observation is consistent with historical results. The degree of impact is more pronounced in
samples collected from MW1 than at MW2.

—  MWa2 is located cross-gradient to the current landfilling areas and based on the available information regarding
the historic landfilling area, MW2 is located in an upgradient position. However, the actual extents of the historical
landfilling area are not known. Based on the water quality reported, minor leachate-related water quality impacts
are apparent at this location. As water quality flowing on-Site from the south is un-impacted (based on monitoring
results from MW3 and MW11), it is likely that water quality at MW?2 is affected in part by the historic landfilling
area. Ongoing monitoring has shown concentration trends that are stable or slightly decreasing indicator
parameter concentrations at this location.

5.2.5 Downgradient Groundwater Quality

Monitoring wells MW7, MW8, MW9, and MW10 represent groundwater quality downgradient from the landfilling areas
of the Site.

The leachate indicator parameter concentrations from the downgradient wells for the current reporting period are
summarized in the tables below (spring | fall):

Parameter Median Background
(mg/L) (2019 2023)

Chloride (AO) 6|6 <1]|4
Alkalinity (OG) 30 — 500 190 217 | 292 186 | 180
Hardness (OG) 80 — 100 191 268 | 149 115 | 102
Iron (AO) 0.30 0.22 0.012 | 0.042 0.018 | 0.007
Manganese (AO) 0.05 0.0025 0.00165 | 0.0657 0.00127 | 0.00281
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Parameter Median Background
(mg/L) (2019 — 2023)

Conductivity, lab 485.5 479 | 600 441 | 431
(uS/cm)

Notes:

Bold concentration exceeds ODWS

AO — Aesthetic Objective; OG — Operational Guideline

Concentrations are presented in mg/L with the exception of conductivity measured in units of uS/cm

Parameter Median
(mgl/L) Background
(2019- 2023)
Chloride (AO) 250 NA | <1
Alkalinity (OG) 30 - 500 190 NA | 174 Not found
Hardness (OG) 80 -100 191 NA | 112
Iron (AO) 0.30 0.22 NA | 0.053
Manganese (AQ) 0.05 0.0025 NA | 0.0205
Conductivity, lab (uS/cm) N 485.5 NA | 436
Notes:

Bold concentration exceeds ODWS
AO — Aesthetic Objective; OG — Operational Guideline; NA — No access
Concentrations are presented in mg/L with the exception of conductivity measured in units of uS/cm

The following observations are drawn based on the current water quality and a review of the concentration versus time
plots (Appendix F):

— Indicator parameter concentrations in 2023 at MW7 and MW8 are comparable to background levels. Generally,
MW7 concentrations are slightly greater and more variable over time than MW8 concentrations.

e The fall 2023 results from MW7 show a large increase in ammonia levels. This is likely to be anomalous as
all other indicator parameter concentrations remained similar to historical ranges.

- MW9 and MW10 concentrations are consistently at or below background concentrations with the exception of
occasional data points currently interpreted to be anomalous.

— As indicated in the above summaries as well as in Table 4.5, water quality at the downgradient monitoring wells
has consistently been at or near background levels. This indicates that landfill-related water quality impairments
are not generally migrating a significant distance from the landfilled area.

5.3  Surface Water Quality

Drainage at the Site is conveyed to the northwest of the landfill footprint via three channels. First, a drainage swale
which captures surface water from the western and southern portions of the Site, second, a short natural stream
originating in the forested area to the west of the landfill footprint, and, finally, an intermittent stream that flows
adjacent to the northern landfill footprint. The three drainage channels meet at the northwestern property boundary
and continue to flow northwest ward on the adjoining property.

During 2023, surface water quality was monitored at 10 locations (SW1, SW2, SW3, SW4, SW5, SW7, SW8, SW9,
SW10, and SW11).

Monitoring location, SW1 is located approximately 200 m upstream of the Site within the intermittent creek and is
considered a background location. The remaining nine surface water monitors are located within the drainage swale,
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short natural creek, the intermittent stream, and the flow channel on the adjoining property. SW8 is located within the
short natural creek, SW5 and SW11 are located within the drainage swale prior to the confluence of three surface
water bodies. SW2 and SW9 are located in the intermittent creek north of the landfill footprint. SW3 is located just after
the confluence of the three flow channels and SW10 is located downstream of SW3 on the adjoining property.

SW8 through SW11 were added to the monitoring program in 2021 to refine the understanding of potential surface
water impacts originating form the drainage swale, the natural creek, and intermittent creek. SW8 through SW10 were
dry or contained insufficient water and GHD was unable to sample the locations in 2023.

The surface water monitoring locations are shown on Figure 2.1. Figure 2.1 also illustrates the drainage channels and
flow directions. Surface water quality data is provided in Table 4.6. Concentration versus time plots for the key
leachate indicator parameter concentrations for each surface water monitor are included in Appendix F.

SW2 is located within the intermittent stream, downgradient from the approximate landfill footprint and downstream
from SW1. SW2 flows into SW9 which flows into SW3. SW3 is located just downstream of the confluence of the three
surface water channels.

The leachate indicator parameter concentrations, including phenols, phosphorus, and total kjeldahl nitrogen (TKN),
from SW1, SW2, and SW3 for the current reporting period are summarized in the tables below (spring | fall). SW9
was dry in 2022 and 2023.

Parameter Median Background
(mg/L) (2019 2023)

Chloride 9|9 6|6 18 | 28
Alkalinity - 317 402 | 344 383|371 391 | 431
Hardness - 361 437 | 372 432 | 403 = 411 | 476
Iron 0.30 0.286 3.22 | 1.26 1.57 | 0.836 -5 0.235 | 1.28
Manganese - 0.060 0.44 | 0.238 0.187 | 0.206 E 0.0941 |0.708
Phenols 0.001 0.001 <0.001 | <0.001 = <0.001 | <0.001 = <0.001 | <0.001
Phosphorus* 0.01-0.03 0.023 0.03 | 0.066 0.039 | 0.013 0.017 | 0.273
TKN - 0.5 35|08 1.6 | 0.7 0.7 | 3.4
Notes:

Bold concentration exceeds PWQO
*Phosphorus refers to total phosphorus metals parameter list
NM — Not monitored

After a review of the current analytical results and concentration versus time plots, the following observations are
drawn:

—  With the exception of a notable increase in indicator parameter concentrations in spring 2023, water quality at
SW1 has been generally consistent over time and shown low concentrations of the leachate indicator parameters
as well as phenols, phosphorus, and TKN. Indicator parameters decreased slightly in fall 2023.

— In 2022, a comparison of water quality between upstream, SW1, and SW2, located downgradient of the waste
mound, showed an slight increase in several indicator parameter concentrations which likely indicates some
minor landfill influence on the intermittent creek. However, in 2023, indicator parameter concentrations at SW2
were comparable to or lower than the concentrations found at SW1.

— Indicator parameters at SW3, located just past the confluence, show that chloride and phosphorus is elevated.
Otherwise, water quality is generally comparable to upstream and shows little evidence of landfill impacts.

SWY is located in a low-lying marshy area west of MW12. This area typically drains into a drainage swale during
periods of high precipitation but remains stagnant and dries up during periods of low precipitation. The table below
shows the concentrations of the leachate indicator parameters with phenols, phosphorus, and TKN. Analytical results
from SW7 indicate concentrations that are generally similar to background, however in spring 2023, chloride, alkalinity,
and hardness were elevated at SW7 relative to SW1. Minimal landfill-related water quality influence is apparent at this
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location. Appendix F shows water quality has been generally consistent over time at SW7 with the exception of a spike
in leachate indicator parameters in spring 2023 followed by a return to historical concentration ranges in fall 2023.

Parameter Median Background (2019 — 2023) SW7
(mg/L)
4

Chloride - 31|6
Alkalinity - 317 672 | 295
Hardness -- 361 736|318
Iron 0.30 0.286 0.824 | 1.37
Manganese - 0.060 0.598 | 0.377
Phenols 0.001 0.001 0.002 | 0.005
Phosphorus 0.01-0.03 0.023 0.157 | 0.063
TKN -- 0.5 5911.3
Notes:

Bold concentration exceeds PWQO
Phosphorus refers to total phosphorus located in the metals parameter list

Surface water monitoring stations SW5 and SW11 are located in the drainage swale which flows from west of the
waste mound into the inte