2023 ANNUAL
GROUNDWATER
AND SURFACE
WATER
MONITORING
REPORT

HAILEYBURY WASTE
DISPOSAL SITE

THE CITY OF TEMISKAMING SHORES
P.O. BOX 2050, 325 FARR DRIVE
HAILEYBURY, ONTARIO

POJ 1KO

PROJECT NO.: TY131010
DATE: APRIL 2024

WSP Canada Inc.
33 Mackenzie Street, Suite 100
Sudbury, Ontario, P3C 4Y1

T: +1 705-682-2632

WSP.com



WSP Canada Inc. prepared this report solely for the use of the intended recipient in accordance with the
professional services agreement. The intended recipient is solely responsible for the disclosure of any
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1 INTRODUCTION

WSP Canada Inc. (WSP), formerly known as Wood Environment & Infrastructure Solutions, was retained by The
City of Temiskaming Shores (the City) to prepare the 2023 annual groundwater and surface water monitoring
report for the Haileybury Waste Disposal Site (the Site). The following report provides a detailed evaluation and
summary of the 2023 monitoring data and was completed to constitute the 2023 Annual Monitoring Report to be
submitted to the Ministry of the Environment, Conservation and Parks (MECP) in accordance with Subsection 6 of
Condition 6 of Certificate of Approval (C of A) No. A570402, provided in Appendix A. This document also includes
inferred groundwater flow directions and a review of the historical and current groundwater and surface water
geochemical data and geochemical trends. The groundwater quality is evaluated with respect to MECP Guideline
B-7 and both groundwater and surface water are assessed according to a previously established Trigger
Mechanism for the Site.

11 SITE LOCATION

The Site is located approximately 9 kilometres (km) southwest of Haileybury, Ontario, Lot 1, Concession 2, within
the City of Temiskaming Shores, in the District of Temiskaming. The Universal Transverse Mercator (UTM)
coordinates of the Site are 593843 Easting and 5252782 Northing, Zone 17, relative to the North American Datum
(NAD) 1983 (collected via handheld Global Positioning System (GPS), accuracy +/- 5 metres (m)). The location of
the Site is presented on Figure 1; a Site plan, including all monitoring locations, is presented as Figure 2.

12 OWNERSHIP AND KEY PERSONNEL

Contact information for the Site contact representative and the Competent Environmental Practitioner (CEP) for
both groundwater and surface water is outlined below.

Site Contact Representative: Groundwater and Surface Water CEP:

Steve Burnett Larry Rodricks

The City of Temiskaming Shores Senior Principal Engineer

P.O. Box 2050, 325 Farr Drive WSP Canada Inc.

Haileybury, Ontario P0J 1K0 900 Maple Grove Road, Unit 10

Phone: (705) 672-3363 ext. 4132 Cambridge, Ontario N3H 4R7

Fax: (705) 672-2911 Phone: (519) 650-7108Email:

Email: sburnett@temiskamingshores.ca larry.rodricks@wsp.com
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1.3 DESCRIPTION AND DEVELOPMENT OF THE SITE

The Site is operated under Provisional C of A No. A570402, issued on 10 November 1998 and amended on 10
November 1999, 27 April 2009 and 18 December 2009. The Provisional C of A allows for the use of a 5.8 hectare
(ha) waste fill area within a total Site area of 32.4 ha (Appendix A), as illustrated on Figure 3. The Site was
originally approved in 1998, but had been in operation prior to that time, since 1975 (Story Environmental Inc.
(Story), 2013). The Site ceased accepting waste from the public on October 17, 2023. The Site was approved to
accept solid non-hazardous municipal waste for disposal and had a maximum approved capacity of 470,000 cubic
metres (m®), including daily and intermediate cover. The service area for the Site included the City of Temiskaming
Shores and the Town of Cobalt. Closure activities will be acquired in early 2024 and are set to begin in the spring of
2024.

The City completed the acquisition of additional land downgradient of the Site in the fall of 2013. The negotiations
for the acquisition had been ongoing since 2004, at which time the City was issued a letter of non-compliance by
the MECP and was required to obtain all applicable property for the use of a 28 ha Contaminant Attenuation Zone
(CAZ). The purchase of this property was passed as By-Law No. 2013-198 in December 2013. The locations of the
property purchased in 2013 and the CAZ are illustrated on Figure 4.

No operations problems were encountered at the Site in 2023, and no complaints were received. As required by
the C of A, a battery-operated methane gas monitor is installed at the Site in order to ensure that the Site building
is free of any potential landfill gas accumulation.

131 WASTE QUANTITIES RECEIVED

As weigh scales are not in place at the Site, daily records are kept in order to estimate the amount of uncompacted
waste received at the Site. The Haileybury Landfill accepted approximately 24,658 m® of uncompacted waste in
2023. Monthly estimates of uncompacted waste are illustrated below in Table 1.

All refrigerators received at the Haileybury Landfill are tagged by licensed technicians, indicating that all potential
ozone depleting substances (i.e., refrigerants) have been removed.

1.3.2 ON-SITE RESOURCE RECOVERY ACTIVITIES

Designated resource recovery areas are available at the landfill.

Tires: Tires are accepted at the Site in a designated area and stockpiled for shipment to a recycler. The number of
tires collected from the landfill during 2023 and sent for recycling is unknown, as the City is not provided with this
information under the new Full Producer Responsibility Program.

Scrap Metal: Scrap metal is accepted at the Site in a designated area and is sorted and removed from the Site
regularly for recycling. Approximately 138.04 tonnes of scrap metal was transferred off-Site during 2023.

Table 1 - Waste Quantities Received in 2023

MONTH TOTAL ANNUAL UNCOMPACTED WASTE (M3)
January 2,204
February 1,933
March 2,136
2023 Annual Groundwater and Surface Water Monitoring Report WSP Canada Inc.
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MONTH TOTAL ANNUAL UNCOMPACTED WASTE (M3)
April 2,206
May 3,189
June 3,249
July 3,028

August 2,725

September 2,771

October 768

November 449
December 0
ANNUAL TOTAL 24,658

1.3.3 SITE CAPACTIY

Occasional topographical surveys are conducted at the Site in order to accurately track the landfill capacity
consumed and remaining, and the associated estimated remaining life span of the Site. The remaining capacity of
the Site is estimated on an annual basis, however an accurate estimate can only be calculated on the years that a
Site survey is undertaken.

The most recent topographical survey conducted at the Site was undertaken on 25 March 2021 by Exp Services Inc.
(Exp). No survey was completed in 2023, therefore contours within the fill area obtained from the 2021 survey are
presented on Figure 3. The 2021 topographical survey was completed by Exp in conjunction with a technical
memorandum dated 6 April 2021, which outlines the estimated site life of the landfill. Exp has calculated the
available remaining capacity of the Site to be approximately 40,176 m? at the time of the March 2021 survey.
However, Exp indicated that of the 40,176 m® remaining capacity, 29,557 m® will be difficult to fill with refuse and
capped. This leaves only 10,619 m® of remaining feasible capacity. Exp used a waste generation rate of 21,703 m®,
estimated historically by Wood as part of a separate study, to calculate an approximate remaining life span of 5.8
months as of March 2021. Exp recommended that the City obtain a detailed survey of the landfill immediately
prior to the estimated closure date of September 2021.

The Site ceased accepting waste from the public as of October 17, 2023. To determine the status of the site
capacity, it is recommended that a topographical survey be conducted of the fill area in relation to the final Site
contours.

1.4 MONITORING AND REPORTING PROGRAM
OBJECTIVES AND REQUIREMENTS

In accordance with MECP correspondence dated 24 July 2020, various changes were made to the annual
monitoring program since the 2021 monitoring period. All monitoring wells were sampled during all three
sampling events; an additional downgradient monitoring well was installed prior to the spring 2021 sampling
event, situated northwest of TW-15; and analyses of trends and Guideline B-7 will include nitrate, iron and
manganese.
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Previous investigations resulted in the instrumentation of the Site with a variety of groundwater monitoring wells
and identification of the three existing surface water monitoring stations (SW-3 through SW-5). A total of 15
monitoring wells, including the newly installed monitoring well (MW21-01), are currently used for monitoring
purposes and two additional wells have been confirmed destroyed (TW-1 and TW-3). Twelve of the 15 wells
currently comprising the monitoring network are sampled three times annually (TW-4, TW-6, TW-8, TW-9, TW-10,
TW-12, TW-13, TW-14, TW-15, TW-16, TW-17 and MW21-01). The other three remaining wells are not sampled,
but are retained for water level measurements (TW-5, TW-7 and TW-11). Static groundwater levels are measured
at each of the 15 wells in the monitoring network during each of the three annual monitoring events. Surface
water is sampled concurrently with groundwater during the spring and fall events. The locations of groundwater
and surface water monitoring stations composing the monitoring network are presented on Figure 2.

2023 Annual Groundwater and Surface Water Monitoring Report WSP Canada Inc.
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2 PHYSICAL SETTING

21 GEOLOGY AND HYDROGEOLOGY

Borehole logs detailing soil and groundwater conditions for the monitoring well network are provided in

Appendix B. In summary, the subsurface conditions at the Site consist of sand and gravel over bedrock, with an
additional layer of till between the sand unit and bedrock in some areas (Story, 2013). Bedrock outcrops are
reported along the northern and eastern boundaries of the Site, with depths to bedrock in mid-Site areas varying
from 16 m to 22 m below original grade (Story, 2013). The bedrock surface is reported to slope from the north and
east towards the southwest (Story, 2013).

Static water levels were recorded by WSP at each of the wells during the spring, summer and fall 2023
groundwater monitoring events. Appendix C presents the groundwater elevations measured during the 2023
groundwater monitoring events. Figures 5A through 5C present the inferred groundwater elevation contours and
groundwater flow directions for the 2023 monitoring events. In general, the recorded static groundwater levels
indicate groundwater flow across the Site towards the west. The inferred groundwater flow direction appears to
mimic the reported bedrock elevation contours, as described by Story (Story, 2013).

2.2 SURFACE WATER FEATURES

Surface water features on-Site include a small, intermittent stream, which flows from a swampy area east of the
Site, and along the southern Site boundary, discharging to an unnamed tributary to South Wabi Creek after
crossing Firstbrooke Line Road. The unnamed tributary is situated southwest of the Site, west of both Firstbrooke
Line Road and the Trans Canada Pipeline right-of-way, and flows to the northwest, discharging to South Wabi
Creek, which eventually discharges to Moose Lake before flowing into Lake Temiskaming via Wabi Creek.
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3 DESCRIPTION OF MONITORING
PROGRAM

3.1 MONITORING LOCATIONS

All monitoring locations for groundwater and surface water are illustrated on Figure 2. Detailed locations are
provided in Table 2. Monitoring well elevations for top of casing are provided in Appendix C.

Table 2 - Monitoring Locations On-Site

MONITORING |  EASTING NORTHING | o1 | EcTION AcCURACy | COLLECTION DATE
LOCATION | 70ne 16 NAD 83 | Zone 16 NAD 83| METHOD PERSONNEL | COLLECTED
TW-4 503656 5252867
TW-5 503835 5252876
TW-6 593605 5252915
TW-7 503553 5252777
TW-8 593910 5253100
TW-9 503553 5252965
TW-10 503486 5252824
TW-11 593519 5252961 26 May 2013
TW-12 503356 5252963 ;
TW-13 593472 5253010 Handheld GPS t-em Trf?gl]s gr\évvsp
TW-14 503381 5252937
TW-15 503369 5253024
TW-16 503282 5252995
TW-17 503517 5252798
MW21-01 503261 5253075 10 April 2021
SW-3 503258 5252942
SW-4 503538 5252661 26 May 2013
SW-5 503843 5252782

According to the groundwater elevation data collected to date, TW-8 is considered unlikely to be impacted by
landfill leachate since it is located east and upgradient of the Site. TW-8 is therefore considered to be
representative of background (i.e., non-impacted) water quality conditions, and allows a determination of Site
compliance to be undertaken using MECP Guideline B-7.

Wells TW-4 and TW-6 are situated within the fill area and are consequently considered to be source monitoring
wells. Located slightly downgradient of the waste fill area, wells TW-9 and TW-13 are representative of immediate
downgradient water quality conditions. Wells TW-12, TW-14, TW-15,TW-16, and MW21-01 are located further
downgradient of the waste deposits, with MW21-01 being representative of the downgradient property boundary,

2023 Annual Groundwater and Surface Water Monitoring Report WSP Canada Inc.
Project No. TY131010 April 2024
The City of Temiskaming Shores Page 6



as it is situated the furthest downgradient of the Site and within the property comprising the CAZ. Wells TW-10
and TW-17 are situated in a position crossgradient of the Site, as the inferred groundwater flow direction is toward
the northwest in the vicinity of these wells.

Table 3 presents a summary of the available construction details and respective on-Site positions of the
groundwater monitoring wells. Construction details are based on borehole logs prepared by others (Appendix B).

Table 3 - Groundwater Monitoring Well Construction Details

WELL ID CONDITION TOTAL DEPTH ?ﬁ?EE\N/i? UNIT SCREENED | ON-SITE POSITION
(mbgs) (mbgs)
TW-3 Destroyed prior to spring 2015 monitoring event.
TW-4 Good 10.67 7.67-10.67 Sand Source
TW-6 Good 8.84 8.84-7.34 Sand Source
TW-8 Good 2.44 0.94-2.44 Sand Upgradient
TW-9 Good 12.95 11.45-12.95 Sand Downgradient
TW-10 Good 6.7 5.2-6.7 Sand Crossgradient
TW-12 Good 8.7 72-8.7 Sand and Bedrock Downgradient
TW-13 Good 14.7 11.7-14.7 Sand Downgradient
TW-14 Good 13.7 10.7-13.7 Sand Downgradient
TW-15 Good 13.1 10.1-13.1 Sand Downgradient
TW-16 Good 7.7 6.2-7.7 Sand Downgradient
TW-17 Good 4.0 25-4.0 Silt Crossgradient
MW21-01 Good 12.9 9.85-129 Silty Sand with Downgradient
cobbles

Table 4 presents a summary of the surface water monitoring locations. Surface water monitoring stations SW-3
and SW-4 are situated along the unnamed tributary to South Wabi Creek and are representative of downstream
and upstream water quality conditions, respectively. Station SW-5 is situated adjacent to the Site, at the
intermittent stream, on the downstream side of the Site access road. Locations of all sampling stations are
indicated on Figure 2.

Table 4 - Surface Water Monitoring Stations Summary

STATION ID WATERCOURSE POSITION
SW-3 Unnamed Tributary to South Wabi Creek Downstream
SW-4 Unnamed Tributary to South Wabi Creek Upstream
SW-5 Intermittent Stream Adjacent to Site

3.2 MONITORING FREQUENCY

As per previous annual monitoring events, groundwater was sampled three times annually by WSP, during the
spring, summer and fall of 2023, and surface water was sampled two times, in the spring and fall. Sampling events
occurred on the following dates:
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. Spring — 19 June 2023;
. Summer — 28 August 2023; and,
. Fall — 16/17 October 2023.

3.3 FIELD AND LABORATORY PARAMETERS AND
ANALYSIS

Geochemical analyses for general chemistry, metals and nitrogen cycle parameters were completed on all samples
collected. A detailed list of laboratory results for these parameters is included in Appendix D. Field parameters for
both groundwater and surface water comprised temperature, pH, conductivity and dissolved solids. Static water
level measurements were also recorded for groundwater. All field equipment was maintained and calibrated
appropriately prior to each use.

3.4 MONITORING PROCEDURES AND METHODS

Monitoring and sample collection followed typical industry standard practices. Each groundwater monitoring well
was purged prior to sampling to ensure the sample was representative of the formation water. Dedicated well
instrumentation (Waterra Tube and foot valve system) was used to obtain water samples from the groundwater
monitoring wells, and samples were immediately transferred to laboratory-prepared sample vials and bottles.
Samples identified for heavy metals analysis were field-filtered using a single use 0.45 m filter unit, and the
remaining samples were preserved following standard laboratory protocols as established in the MECP “Guidance
on Sampling for Use at Contaminated Sites in Ontario” (revised December 1996). Care was taken during collection
of surface water samples to ensure that a representative sample was collected, and that underlying sediments
were not disturbed.

Samples were submitted under chain of custody, in a temperature controlled setting (i.e., in a cooler, onice) to a
Canadian Association for Laboratory Accreditation (CALA) accredited laboratory sub-contractor, SGS Canada Inc.

(SGS), in Lakefield, Ontario for analysis. The analytical results were subsequently forwarded to WSP. Laboratory
analytical reports for 2023 are provided in Appendix D.

The 2023 groundwater monitoring data were reviewed by comparison to the current MECP Ontario Drinking
Water Standards (ODWS). Environmental compliance of groundwater quality was evaluated according to MECP
Guideline B-7. The 2023 surface water monitoring data were reviewed by comparison to the current MECP
Provincial Water Quality Objectives (PWQO), as well as the Canadian Water Quality Guidelines (CWQG) and the
Aquatic Protection Values (APV) from Table 3.1 of the 2011 MECP document Rationale for the Development of Soil
and Groundwater Standards for use at Contaminated Sites in Ontario.

3.5 QUALITY ASSURANCE FOR SAMPLING AND
ANALYSIS

WSP uses recognized industry standards, including the Canadian Council of Ministers of the Environment (CCME)
Subsurface Assessment Handbook for Contaminated Sites and MECP’s manual Guidance on Sampling and
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Analytical Methods for Use at Contaminated Sites in Ontario for conducting environmental assessments. For
quality assurance, all work is supervised and internally reviewed by senior staff members.

Field sampling equipment decontamination was completed in accordance with accepted protocols. As a minimum,
non-dedicated sampling equipment was washed with detergent solution and rinsed with distilled water between
sampling locations. Decontamination procedures were undertaken to prevent any cross-contamination between
monitoring locations and sampling sites. Screening instruments were calibrated prior to each use.

As a minimum, for every ten groundwater or surface water samples collected, one field duplicate sample was
collected and included in the laboratory submission for analysis. Three field duplicate samples were collected
during the spring sampling event, two for groundwater and one for surface water; two field duplicate samples
were collected during the summer sampling event, two for groundwater; and, three field duplicate samples were
collected during the fall sampling event, two for groundwater and one for surface water.

Samples were submitted to a CALA accredited laboratory that is MECP certified for the analysis of drinking water
samples. Laboratory blanks and duplicates were used to ensure sample integrity. Relative Percent Differences
(RPDs) were calculated and discussed where applicable. Samples were placed in appropriate sample containers
provided by the laboratory and preserved (as required based on type of analysis) until delivered (shipped by
courier or hand delivered) to the laboratory for analysis. A chain of custody form accompanied samples at all
points of handling.
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4 MONITORING RESULTS

4.1 HISTORICAL DATA

Historical data for groundwater and surface water are provided in Appendices E and F, respectively. Water quality
data dating back to 2013 are presented for both groundwater and surface water.

4.2 DATA QUALITY EVALUATION

The analytical laboratory employed to perform the laboratory analyses (SGS) is accredited by the Standards Council
of Canada/Canadian Association for Laboratory Accreditation in accordance with ISO/IEC 17025:1999 — “General
Requirements for the Competence of Testing and Calibration Laboratories” for the tested parameters and has met
the standards for proficiency testing developed by the Standards Council of Canada for parameters set out in the
Soil, Ground Water and Sediment Standards.

Sample analysis dates provided on the laboratory analytical reports issued by SGS indicate that all sample analyses
were performed within the required sample/extract hold times, as indicated by the dates presented in columns for
each sample parameter on the analytical report with the exception of turbidity for all surface water samples taken
during the spring 2023 sampling event. The laboratory minimum detection limits were reported to be at or lower
than the required MECP reporting detection limits for the parameters analyzed, with the exception of organic
nitrogen during the spring 2023 sampling event. A comparison of the internal laboratory duplicate samples
indicates that all samples and the respective duplicates are within acceptable limits.

As a quality control measure, groundwater and/or surface water duplicate samples were collected during each
sampling event. All duplicate data are provided in Appendix D and are summarized in Appendices E and F.
Groundwater duplicate samples were collected from TW-15 and TW-17 during the spring monitoring event, from
TW-15 and TW-17 during the summer monitoring event, and from TW-15 and TW-8 during the fall monitoring
event. Surface water duplicate samples were collected from SW-4 during the spring monitoring event and SW-5
during the fall monitoring event.

When compared to concentrations reported in the original samples, duplicate water quality data reported that all
parameters were within an acceptable range with respect to relative percent difference (i.e., the industry standard
of less than 50%), with the exception of copper and tin in HB GW DUP1 and chemical oxygen demand in HB GW
DUP2 during the spring event; total kjeldahl nitrogen, aluminum, selenium and tin in HB GW DUP1 and organic
nitrogen and total kjeldahl nitrogen in HB GW DUP2 during the summer event; and total kjeldahl nitrogen and
titanium in HB GW DUP1, chromium and ammonia in HB GW DUP2 and total dissolved solids in HB SW DUP during
the fall event. The duplicate water quality data and associated calculated relative percent differences are not
interpreted to indicate any sampling or laboratory biases during 2023.

4.3 GROUNDWATER FLOW MONITORING

As discussed in Section 2.1, the recorded static groundwater levels indicate groundwater flow from the fill area
towards the west. Static groundwater elevations are presented in Appendix C. Groundwater elevations, inferred
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groundwater elevation contours and groundwater flow directions for the 2023 groundwater monitoring events are
illustrated on Figures 5A through 5C.

In addition to the current groundwater elevation data, historical groundwater elevations were reviewed in order to
identify any trends or inconsistencies in the data. Overall, the reported static groundwater elevations are
consistent with those recorded during historical sampling efforts. A time-elevation graph was developed for all
monitoring wells from 2003 to 2023, presented in Appendix G. The available groundwater elevation data indicate
relatively stable elevations over time.

4.4 GROUNDWATER QUALITY MONITORING

Samples were collected from all applicable wells during all three 2023 monitoring events except for TW-12 for all
three 2023 monitoring events as the well was dry. Data summary tables are provided in Appendix E. A
photographic inventory of the monitoring wells is provided in Appendix H. The condition of each monitoring well
was confirmed during the 2023 monitoring events, with no noticeable requirement for maintenance or repair at
the time of the fall event. As discussed above, TW-3 was destroyed prior to the spring 2015 monitoring event.

441 BACKGROUND WATER QUALITY

Background water quality at TW-8 is characterized by moderate concentrations of dissolved organic carbon (DOC),
and low concentrations of alkalinity, chloride, sulphate, hardness, total dissolved solids (TDS) and most metals
parameters. Iron and manganese are quantified at elevated levels compared to the ODWS and these parameters
are therefore unreliable for evaluating landfill performance. Organic nitrogen has also been quantified at elevated
concentrations at this location sporadically throughout the monitoring record. Inaccordance with the inferred
groundwater flow direction, concentrations of landfill indicator parameters quantified at this location are
considered to be representative of regional background water quality in the aquifer intersected by the well screen.

ODWS exceedances quantified in TW-8 during 2023 are shown as bold entries in the associated geochemical
summary table provided in Appendix E and included iron, manganese and organic nitrogen. Iron and manganese
are aesthetic objectives and have been established to assess potential taste, odour or colour problems that may
interfere with good water quality control practices. Organic nitrogen is an operational guideline and specifically
address potential treatment issues if the groundwater is used as a communal water supply. Exceedances of these
parameters do not constitute a health hazard and can likely be attributed to elevated compounds produced by
natural processes occurring in the aquifer.

442 SOURCE STRENGTH WATER QUALITY

On-Site (i.e., source) groundwater quality conditions are measured by monitoring wells TW-4 and TW-6. Water
quality in TW-4 and TW-6 is generally characterized by elevated concentrations of most analytical parameters, in
comparison to background water quality. It is noted, however, that these wells are situated immediately
downgradient of recent waste deposits, but are crossgradient to historical waste deposits. Water quality is notably
degraded in TW-4, as compared to TW-6. The varying water quality conditions reported across the fill area may be
indicative of waste deposits of varying ages or possibly different types of waste in the vicinity of, or upgradient of,
each of the source monitoring wells. Water quality in TW-4 and TW-6 indicates an increasing trend of higher than
usual concentrations of indicator parameters, as compared to the historical monitoring record for these locations,
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since the summer of 2023 for TW-4 and the summer of 2019 for TW-6. This increasing trend is likely attributed to
continued waste deposition at the Site over time.

4.4.3 CROSSGRADIENT WATER QUALITY

Water quality conditions are similar in crossgradient wells TW-10 and TW-17. Groundwater in both wells is
characterized by concentrations of most parameters at levels similar to, or lower than, background with the
exceptions of chloride, and sodium, which are marginally elevated. These concentrations are not interpreted to be
indicative of a landfill-derived impact to groundwater quality and could potentially be related to the proximity of
these monitoring wells to Firstbrooke Line Road and winter maintenance practices (i.e. road salt).

An ODWS exceedance of aluminum at TW-17 during the fall 2022 and fall 2023 monitoring event is interpreted to
be anomalous, given that concentrations appear to be stable over the historical monitoring record.
Concentrations of aluminum are also quantified at lower levels within the source water quality indicating that
impacts are potentially a result of an external source and are not interpreted to be landfill derived.

4.4.4 DOWNGRADIENT WATER QUALITY

Monitoring wells TW-9 and TW-13 measure water quality conditions immediately downgradient of the fill area,
and directly downgradient of historical waste deposits. When compared to background conditions, concentrations
of analytical parameters in both wells are elevated. Concentrations in these downgradient wells are higher than
those reported in TW-4 and TW-6, likely as a result of their location slightly further north and more directly
downgradient of the older waste deposits at the Site. Groundwater quality in TW-9 is slightly more degraded to
that of TW-13, as TW-13 is situated at a distance slightly further downgradient. A seasonal trend is apparent at
TW-13, which indicates lower concentrations of indicator parameters during the annual spring sampling events,
compared to the summer and fall events each year. This trend is consistent over time, with the exception of the
spring 2018 monitoring event, as illustrated in the data summary table provided in Appendix E.

Water quality further downgradient of the Site is measured by monitoring wells TW-12, TW-14, TW-15, and TW-16
situated immediately west of the pipeline right-of-way. All three wells are located generally downgradient of the
fill area, however only TW-15 is situated directly hydraulically downgradient of the waste deposits. Groundwater
flow in the immediate vicinity of TW-12 and TW-14 is towards the northwest, therefore these wells may not be
within the groundwater plume. For the purposes of this report, they have been considered downgradient
monitors, in order to ensure that any potential future impacts to groundwater at these locations are identified,
should groundwater flow patterns in this area change as a result of Site activities or those on adjacent properties.
At this time, the data available to date indicate that water quality in wells TW-12 and TW-14 is dissimilar to that of
TW-15.

Due to dry conditions at TW-12 no water samples were collected at this location in 2023. Historically, water
quality in TW-12 is generally similar to that of TW-14, with concentrations of parameters such as alkalinity,
sulphate, hardness and barium quantified at slightly higher concentrations in TW-12. Both wells quantify levels of
most indicator parameters that are similar to, or lower than, background well TW-8, with the exceptions of the
parameters listed above in TW-12, which are marginally elevated. Water quality at downgradient monitoring
locations TW-12 and TW-14 is comparable to characteristics reported at crossgradient wells TW-10 and TW-17,
situated to the southeast of TW-12 and TW-14.
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Groundwater quality in TW-15 is characterized by elevated concentrations of most parameters in comparison to
background conditions, with the exception of iron, which is higher within the background water quality. An
improvement in water quality is noted in TW-15, however, in comparison to TW-13. Nitrate and sulphate
concentrations are elevated in TW-15 as compared to TW-13, while the opposite is observed for ammonia
concentrations at these locations, indicative of leachate plume migration due to increased aerobic conditions with
distance from the landfill. Slightly further downstream, groundwater quality in TW-16 is characterized by
concentrations of most parameters at levels similar to, or lower than background water quality, with the exception
of alkalinity, TDS, and hardness. As monitoring well TW-16 is located slightly crossgradient of TW-15, this location
is likely at the southern extent of the leachate plume.

As of 2021, MW21-01 is the furthest downgradient monitoring well and is therefore considered to be
representative of the downgradient property boundary. MW21-01 is located in the eastern portion of the CAZ
property acquired in 2013, where groundwater quality is characterized by concentrations of most parameters at
levels similar to, or lower than, those reported in background monitoring well TW-8. Several leachate indicator
parameters are marginally elevated when compared to background concentrations, however, indicates a further
improvement in water quality as compared to TW-15. A marginal impact to groundwater quality is noted at this
downgradient location, however water quality indicates a strong natural attenuation downgradient of the Site with
additional land available within the CAZ, downgradient of MW21-01, for continued natural attenuation.

445 FIELD PARAMETER MEASUREMENTS

Field parameters were measured at all monitoring wells at the time of sampling and are presented in Tables 5A
through 5C.

Table 5A - Spring 2023 Groundwater Field Parameter Measurements

WELL ID TEMPERATURE (C) pH CONDUCTIVITY TDS
(mS/cm) (mg/L)

TW-4 124 6.5 1097 549
TW-6 10.3 6.97 1289 645
TW-8 9.9 7.1 1131 57
TW-9 13.1 6.96 2362 1181
TW-10 10.8 6.22 72.2 36
TW-13 12.2 5.89 575 288
TW-14 12.7 7.21 62.7 31
TW-15 12.2 6.9 1050 525
TW-16 9.6 7.8 218 109
TW-17 8.5 7.34 297 149

Mw21-01 12.2 6.79 392 196

Table 5B: Summer 2023 Groundwater Field Parameter Measurements

WELL ID TEMPERATURE (C) pH CONDUCTIVITY TDS
(mS/cm) (mg/L)
TW-4 116 6.56 1614 807
TW-6 10.7 6.53 2258 1129
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WELL ID TEMPERATURE (C) pH CONDUCTIVITY TDS
(mS/cm) (mg/L)
TW-8 12.9 7.33 224 112
TW-9 13.1 6.84 3218 1609
TW-10 9.6 7.23 133 67
TW-13 10.5 6.44 2219 1110
TW-14 8.4 7.41 107 54
TW-15 10.2 6.95 787 394
TW-16 8.3 7.09 246 123
TW-17 12.2 6.62 237 119
MW21-01 134 6.41 409 205
Table 5C: Fall 2023 Groundwater Field Parameter Measurements
WELL ID TEMPERATURE (C) pH CONDUCTIVITY TDS
(mS/cm) (mg/L)
TW-4 9.14 6.24 2190 1095
TW-6 10.72 5.62 2490 1245
TW-8 10.77 7.42 190 95
TW-9 12.02 6.25 3690 1845
TW-10 8.5 7.33 152 76
TW-13 9.82 5.82 2410 1205
TW-14 8.96 6.96 297 148.5
TW-15 10.94 6.62 274 137
TW-16 9.13 7.33 300 150
TW-17 9.64 8.15 269 134.5
MW21-01 10.24 7.02 386 193

4.5 SURFACE WATER QUALITY MONITORING

As discussed in Section 3.1, surface water monitoring stations SW-3 and SW-4 are representative of downstream
and upstream water quality conditions, respectively. Station SW-5 is situated adjacent to the Site, on the
intermittent stream, on the downstream side of the Site access road.

Samples were obtained at all three surface water monitoring stations during the both the spring and fall 2023
monitoring events. A photographic inventory of the monitoring stations is provided in Appendix H. Data summary
tables are provided in Appendix F.

The results of the 2023 surface water monitoring indicate that iron exceeded the PWQO and CWQG in SW-3, SW-4
and SW-5 during the summer sampling event and SW-5 during the fall sampling event. No APV exceedances were
quantified during the 2023 monitoring period. Water quality downstream of the Site at SW-3 is almost identical to
that upstream of any potential landfill-derived impact to surface water quality at SW-4.
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Water quality at SW-5 is similar to that reported at SW-4, with the exception of high iron and aluminum
concentrations. Remaining analytical parameters are typically similar to, or lower than, those reported at

upstream station SW-4.

451 FIELD PARAMETER MEASUREMENTS

Field parameters were measured at all monitoring stations at the time of sampling and are presented in Tables 6A
and 6B. Field measured pH was noted to be low at SW-5 however, it was within the acceptable ranged based on

laboratory analysis.
Table 6A: Spring 2023 Surface Water Field Parameter Measurements
WELL ID TEMPERATURE (C) pH CONDUCTIVITY DISSOLVED SOLIDS
(mS/cm) (mg/L)
SW-3 22.8 7.35 368.7 9.15
SW-4 255 7.16 402.2 8.54
SW-5 20.6 5.87 321 8.99
Table 6B: Fall 2023 Surface Water Field Parameter Measurements
WELL ID TEMPERATURE (C) pH CONDUCTIVITY DISSOLVED SOLIDS
(mS/cm) (mg/L)
SW-3 8.97 7.79 262 7.73
SW-4 9.48 7.65 225 8.64
SW-5 8.59 6.34 54 5.53
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5 ASSESSMENT, INTERPRETATION
AND DISCUSSION

51 GROUNDWATER QUALITY

511 GROUNDWATER TREND ANALYSIS

The current and previous groundwater elevation and water quality data were reviewed with the objective of
identifying any apparent trends or inconsistencies in the present monitoring record. With respect to groundwater
elevations, the data available indicate that the seasonal water table fluctuation has been relatively consistent since
2003, with two atypically low water levels reported; one in TW-10 during the fall 2015 monitoring event and one in
TW-14 during the fall 2016 monitoring event. An elevation chart featuring the water table elevation in each
monitoring well from 2003 to 2023 is presented in Appendix G.

A series of time-concentration graphs were developed for several select landfill indicator parameters (including
alkalinity, barium, boron, chloride, DOC, hardness and TDS) for each monitoring well location from 1994 to 2023.
These time-concentration graphs are presented in Appendix G.

Historical groundwater quality data indicate consistent concentrations of most parameters over time, with a few
exceptions. Elevated and erratic concentrations of barium were reported during the period from 1998 to 2001 and
during the years of 2002 and 2004 for the majority of wells. The results from these periods were not produced by
WSP and are potentially typographical errors contained in the inherited data. Elevated DOC concentrations were
quantified in TW-10 during 2003 and in TW-16 during 2012; however, these concentrations appear to be
anomalous when compared to the remainder of the historical monitoring record at these locations. All parameters
graphed were quantified at elevated levels in TW-6 during the fall 2019 and fall 2022 monitoring event. These
results are potentially indicative of a developing trend at this location, but additional data are necessary to confirm
this interpretation.

All parameters graphed indicate high concentrations and a high range of fluctuation in TW-13, where a seasonal
trend is apparent, with low concentrations quantified during the spring monitoring events and higher
concentrations quantified during the summer and fall monitoring events throughout most of the historical
monitoring record. Elevated concentrations of the selected parameters are quantified consistently over time in
TW-4, TW-9, and TW-15, as compared to background levels; these results are consistent with the proximity of
these wells to the fill area. Increasing trends are apparent for most leachate indicator parameters in TW-9.
Elevated concentrations of barium are quantified at TW-17 during the 2023 fall sampling period. Water quality in
the remaining monitoring wells is generally comparable to background conditions, with low and stable
concentrations over time and no discernible trends.

512 GUIDELINE B-7 CALCULATIONS

In September 1986, a policy was introduced by the MECP to assist in the evaluation of groundwater impacts,
especially for the case of landfill and/or lagoon operations. The policy was entitled “The Incorporation of the
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Reasonable Use Concept into MECP Groundwater Management Activities” and is referred to now as Guideline B-7
(formerly Policy 15-08). Simply stated, the policy sets groundwater contaminant discharge criteria for landfills
and/or lagoons that may impair local water quality; the criteria are based on maintaining the protection of
groundwater resources on the adjacent lands or properties.

The contaminant discharge criteria, which represent the maximum acceptable levels of contaminants that should
not be exceeded, are established using a simple mathematical relationship that incorporates background (existing)
water quality and the highest provincial water quality standards for the adjacent land use. Under Guideline B-7,
water quality impacts will not be allowed to exceed the maximum calculated discharge criteria at the landfill (or
Site) property boundaries.

In order to apply Guideline B-7, the appropriate resource use of the adjacent properties must be selected. Atthe
Haileybury Landfill Site, the highest end use for groundwater on the adjacent properties is for drinking water
purposes, for which the ODWS - Table 1 through Table 4 have been established. The purpose of the ODWS is to
protect public health through the provision of safe drinking water. Water intended for human consumption shall
not contain unsafe concentrations of toxic chemicals (health related parameters). Health related standards are
established for parameters that, when present above a certain concentration, have known or suspected adverse
health effects. At the same time, water should also be aesthetically acceptable. Colour, odour and turbidity are
parameters that, when controlled, result in water that is clear, colourless and without objectionable or unpleasant
taste or odour (non-health related parameters). In addition, operational guidelines have been established for non-
health related parameters that need to be controlled to ensure efficient and effective treatment and distribution
of the water. As well, Guideline B-7 requires the identification of background water quality conditions in the
underlying aquifer.

The background geochemical profile (based on the geometric mean of all results from TW-8) and the resultant
values were applied along with the ODWS, to complete a Guideline B-7 analysis for all of the groundwater
monitoring wells for the landfill indicator parameters. Appendix | presents the Guideline B-7 calculations for the
2023 monitoring results that have been developed using all valid background analytical data observed in TW-8.

It should be noted that these Guideline B-7 values are much lower (i.e., more stringent) than the ODWS, and a
well-by-well comparison of the performance of each of the parameters at all of the groundwater monitoring wells
is also presented in Appendix | for the 2023 monitoring events. By the present assessment, monitoring wells TW-4,
TW-6, TW-9, TW-13, TW-15, TW-17 and MW21-01 exhibit non-compliance with Guideline B-7. Exceedances are
indicated by bold and shaded entries in the tables provided in Appendix I.

Comparing concentrations observed in all groundwater monitoring wells during the 2023 sampling events to the
maximum allowable concentrations (Appendix 1), six health related (arsenic, barium, boron, chromium, lead and
nitrate) and six non-health related (chloride, DOC, iron, manganese, sodium, sulphate and TDS) parameter
exceedances were reported at source and downgradient monitoring wells. During the spring sampling event, the
majority of the Guideline B-7 exceedances were quantified in well TW-9, with fewer exceeding concentrations
reported in TW-4, TW-6, TW-13, TW-15 and MW21-01; during the summer sampling event, the majority of the
Guideline B-7 exceedances were quantified in wells TW-6, TW-9 and TW-13, with fewer exceeding concentrations
reported in TW-4, TW-15 and MW21-01; and during the fall sampling event, the majority of the Guideline B-7
exceedances were quantified in well TW-6, TW-9 and TW-13, with fewer exceeding concentrations reported in TW-
4, TW-15, TW-17 and MW21-01. No exceedances of the Guideline B-7 maximum allowable concentrations were
quantified in TW-10, TW-14 and TW-16 during all three events in 2023, and TW-17 during the spring and summer
sampling events in 2023.
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In summary, the monitoring record indicates that a measurable water quality impact is occurring in the immediate
vicinity of the waste deposits and in downgradient areas. Exceedances of the Guideline B-7 maximum allowable
concentrations have been recorded on-Site during the present monitoring review and are interpreted to be
landfill-derived; however, with the exception of arsenic. Exceedances were quantified for nitrate at the monitoring
well which is currently considered to be representative of the downgradient Site property boundary (i.e., MW21-
01). Although these exceedances are interpreted to be landfill-derived leachate impacts, there is an improvement
in water quality with increased distance from Site indicating a strong natural attenuation. Currently, the Site is not
in compliance with respect to Guideline B-7, however additional land is available within the CAZ, downgradient of
MW?21-01, for continued natural attenuation. It is also noted that since the landfill ceased accepting waste as of
October 17, 2023, closure activities are anticipated to reduce leachate generation and improve water quality
downgradient. Confirmation of these results through additional, regularly scheduled sampling in 2024 is
recommended.

513 TRIGGER LEVEL MONITORING PROGRAM

The 2012 annual monitoring report prepared by Story (Story, 2013) indicates that a Trigger Level Monitoring
Program is in place for groundwater at the Site. Although no details of the program are provided in the report, it is
stated that three trigger concentrations have been set, for chloride, sulphate and boron, to be evaluated at
downgradient monitoring well TW-15. The trigger concentrations are 230 mg/L for chloride, 510 mg/L for sulphate
and 3.5 mg/L for boron. No other trigger parameters are indicated.

By the present assessment, no trigger level exceedances were quantified in TW-15 during 2023. The Site is
therefore in compliance with respect to groundwater quality, as determined by the trigger level monitoring
program presented by Story in the 2012 annual monitoring report.

It should be noted that the indicated trigger concentration for sulphate has been set at a value that is actually
higher than the ODWS value for this parameter (i.e., 500 mg/L). It is recommended that a more appropriate
trigger concentration be developed for sulphate (i.e., lower than the ODWS value). The Guideline B-7 maximum
allowable concentration of 253 mg/L is recommended for use as the revised sulphate trigger concentration. Itis
noted that no trigger level exceedances would be quantified in TW-15 for sulphate should this revised trigger value
be used.

5.2 SURFACE WATER QUALITY

521 SURFACE WATER TREND ANALYSIS

The current and previous surface water quality data were reviewed with the objective of identifying any apparent
trends or inconsistencies in the present monitoring record. A series of time-concentration graphs were developed
for several select landfill indicator parameters (including barium, chloride, copper, sulphate and zinc) for each
monitoring location from 2008 to 2023. These time-concentration graphs are presented in Appendix G.

Historical surface water quality data generally indicate consistent concentrations of most parameters over time. A
seasonal trend is apparent at stations SW-3 and SW-4 for chloride and sulphate, which indicate almost identical
patterns throughout the monitoring record. It is noted that water quality at SW-3 reported elevated
concentrations of barium, copper and zinc between September 2015 and September 2017. Concentrations of
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these parameters at SW-3 have since returned to within the historical range and are similar to those reported at
SW-4. Low and stable concentrations of all parameters graphed are demonstrated at SW-4 throughout the
historical monitoring record. Water quality at SW-5 is generally stable at low concentrations of most parameters,
with the exception of an anomalous zinc concentration in 2013. In addition, many parameters were quantified at
elevated levels at SW-5 during the fall 2019 monitoring event; these results are interpreted to be anomalous.

522 TRIGGER LEVEL MONITORING PROGRAM

The 2012 annual monitoring report prepared by Story (Story, 2013) indicates that a Trigger Level Monitoring
Program is in place for surface water at the Site. Although no details of the Program are provided in the report, it
is stated that two trigger concentrations have been set, for boron and unionized ammonia, to be evaluated at
downstream surface water monitoring station SW-3. The trigger concentrations are 0.2 mg/L for boron and 0.02
mg/L for unionized ammonia (i.e., at the PWQO values). No other trigger parameters are indicated.

By the present assessment, no trigger level exceedances for boron and unionized ammonia were quantified at SW-
3 during 2023. The Site is therefore in compliance with respect to surface water quality, as determined by the
trigger level monitoring program presented by Story in the 2012 annual monitoring report.

Similar to the groundwater trigger level monitoring program, WSP recommends that the surface water trigger level
concentrations be reduced to levels lower than the associated PWQO values. Trigger levels should not be set at
the compliance values, but rather at slightly reduced levels, to allow time for modifications to Site operations
should the trigger values be exceeded, and a resultant condition of non-compliance occur.

5.3 ADEQUACY OF THE MONITORING PROGRAM

It is WSP’s opinion that the current groundwater and surface water monitoring program is adequate with respect
to the characterization of Site conditions, the evaluation of Site performance and the assessment of Site
compliance. The Monitoring and Screening Checklist is provided in Appendix J.
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6 CONCLUSIONS

Based on the results of the current monitoring program, the following conclusions have been made:

1

Groundwater movement at the Site, as determined by water table elevations recorded at each of the
monitoring wells, was determined as being directed away from the fill area to the west. TW-8 is situated
(hydraulically) in a position considered to be representative of background conditions since it is located east of
the Site. This monitoring well configuration allows a detailed evaluation of the Haileybury Landfill Site to be
undertaken with respect to MECP Guideline B-7.

Groundwater quality suggests impacts (when compared to background) are occurring due to landfill-derived
leachate in the wells immediate downgradient of the fill area, with a measurable improvement in
groundwater quality with increased distance from the fill area. Furthest downgradient well MW21-01
indicates marginal impact to groundwater quality. Crossgradient wells TW-10 and TW-17 and downgradient
wells TW-12, TW-14, and TW-16 indicate no landfill-derived impact, with water quality generally resembling
background conditions.

A review of the 2023 surface water geochemical data from locations both upstream and downstream of the
Site indicates no landfill-derived impact to surface water downstream of the Site at SW-3.

The current (2023) groundwater monitoring record indicates that the Site is continuing to operate as
designed, as a natural attenuation type facility. The current water quality results, however, indicate that the
Site is not in compliance with respect to Guideline B-7 at compliance well MW21-01 with exceedances of
nitrate during all 3 events in 2023. These exceedances are interpreted to be landfill-derived impacts, however
additional land is available within the CAZ, downgradient of MW21-01, for continued natural attenuation.
Furthermore, as the landfill ceased accepting waste as of October 17, 2023, it is anticipated that closure
activities will reduce leachate generation and improve water quality downgradient.

Both groundwater and surface water are in compliance with respect to the trigger concentrations, as stated in
the 2012 annual monitoring report (Story, 2013).

No topographical survey was completed in 2023. As of March 2021, the Site had a calculated remaining
capacity for waste of 10,619 m3. This equates to a remaining Site life of 5.8 months.
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/ RECOMMENDATIONS

The following recommendations should be considered for inclusion in next year’s monitoring program:

1  The City should continue to monitor groundwater and surface water at the current sampling frequencies so
that seasonal variations for certain parameters could be documented and understood.

2 Groundwater elevations at all existing monitoring wells should be measured during each groundwater
sampling round to further confirm groundwater flow directions and establish seasonal fluctuations.

3 Atopographical survey of the entire Site should be undertaken in 2024, prior to closure activities, to
determine the status of the Site capacity to ensure that there is sufficient capacity remaining for the
placement of the final cover.

4 The trigger level monitoring programs for both groundwater and surface water should be re-evaluated and
revised, with trigger concentrations reduced appropriately, so as to serve as an early warning program to
prevent non-compliance.

5  Should nitrate exceedances continue to be quantified at the furthest downgradient monitoring well MW21-01,
consideration should be given to the installation of a monitoring well along the property boundary, within the
northwest portion of the CAZ to determine compliance with respect to MECP Guideline B-7.

6  The laboratory reporting detecting limit for organic nitrogen should be established below the ODWS levels of
0.15 mg/L.
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8 CLOSURE

This report has been prepared for the exclusive use of the City for specific application to this Site. The annual
monitoring report was prepared in accordance with the verbal and written requests from the City and generally
accepted assessment practices, restricting the investigations to the assessment of the environmental compliance
associated with the Site. No other warranty, expressed or implied is made.

Respectfully Submitted,

WSP Canada Inc.

Prepared by: Reviewed by:

Mikayla Bechard, B.Sc. Larry Rodricks, P.Eng. Dirk Scheurlen, C. Tech
Environmental Scientist Senior Principal Engineer Senior Technical Consultant
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