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1.0 INTRODUCTION
WSP E&I Canada Limited (WSP), was retained by The Municipality of Central Manitoulin (the Municipality) to
prepare the 2023 annual groundwater monitoring report for the Providence Bay 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.  This document also includes a review of the available
groundwater flow and geochemical data, as well as an evaluation of the groundwater quality with respect to
Ministry of the Environment, Conservation and Parks (MECP) Guideline B-7.

1.1 SITE LOCATION
The Site is located at 4077 Government Road, approximately one kilometre (km) southeast of the village of
Providence Bay, Ontario, and approximately 500 metres (m) east of Lake Huron, as presented on Figure 1. The
legal description of the Site is part Lot 3, Concession 13, former Township of Carnarvon, District of Manitoulin.  The
Universal Transverse Mercator (UTM) coordinates of the Site are 401859 Easting and 5056873 Northing, Zone 17,
relative to the North American Datum (NAD) 83 (collected via handheld Global Positioning System (GPS), accuracy
+/- 5 m).

1.2 OWNERSHIP AND KEY PERSONNEL
Contact information for the Site contact representative and the Competent Environmental Practitioner (CEP) for
groundwater is outlined below.

Site Contact Representative:

Patricia Mader
The Municipality of Central Manitoulin
6020 Highway 542
P.O. Box 187
Mindemoya, Ontario  P0P 1S0
Phone: (705) 377-5726
Fax: (705) 377-5585
Email: centralmc@eastlink.ca

Groundwater and Surface Water CEP:

Larry Rodricks, P.Eng.
WSP E&I Canada Limited
900 Maple Grove Road, Unit 10
Cambridge, Ontario N3H 4R7
Phone: (519) 650-7108
Email: larry.rodricks@wsp.com

1.3 DESCRIPTION AND DEVELOPMENT OF THE SITE
Under Environmental Compliance Approval (ECA) No. A550702, issued 18 March 1980, amended 21 September
2016, 2 August 2022, and most recently on 5 September 2023.  The Site ceased accepting waste as of 1 June 2023,

at



2023 ANNUAL GROUNDWATER MONITORING REPORT
Project No. TY1410143
The Municipality of Central Manitoulin

WSP
February 2, 2024

Page 2

which time the Site is continuing to operate as a waste transfer station.  The most recently issued 5 September
2023 ECA, revokes and replaces the previously issued and amended ECA, attached as Appendix A.  The Site
accepted commercial and domestic wastes, specifically solid non-hazardous municipal waste, and serviced the
Municipality of Central Manitoulin, with an estimated 1,900 residents (Gamsby and Mannerow Limited (GM),
2014).  The Site was approved for a 4.1 hectare (ha) fill area, and the 2022 amendment had set a maximum
deposition limit of 2,500 cubic metres (m3) per year including waste and daily cover.  It is noted that before the
August 2022 ECA amendment there was no deposition limit specified for the Site.  The most recent amendment,
issued following the closure of the landfill on 1 June 2023, states that no waste is to be placed in the landfill given
the change in status.  The adjacent property immediately northwest of the Site is also owned by the Municipality,
legally described as Part 1, Concession 13, on Registered Plan 31R 2056 (GM, 2014).  A site plan is provided as
Figure 2.

A closure plan was issued and accepted by the MECP, which was recognized as of the August 2022 ECA
amendment.  As part of the Site closure, the Municipality was required to obtain the necessary contaminant
attenuation zone (CAZ) property, through a groundwater easement prior to 28 June 2022, as outlined in Wood
Environment & Infrastructure Solutions (‘Wood’, WSP’s predecessor) Contaminant Attenuation Zone
Reassessment dated 28 February 2020 (Wood, 2020).  The Municipality acquired the groundwater easement
required to comply with the ECA on 16 September of 2022, copies of transfer easements and legal surveys are
found on Appendix J.  In December 2022, the extended CAZ was instrumented with nested monitoring wells and
one leachate well to monitor quality of groundwater near the downgradient Site boundaries.  Groundwater
sampling and analysis of the new wells were completed as part of the monitoring program in 2023.  Copies of the
borehole logs of the newly installed wells are attached in Appendix B.

No operational issues were encountered at the Site in 2023, and no official public complaints were received.
Significant changes in operations occurred as of June 1, 2023 at which point the Site ceased accepting waste for
burial and limited the accepted size of construction/demolition loads.  There were no areas of excavation at the
Site during 2023.  Site works undertaken in 2023 include grinding of wood material as well as the installation of a
retaining wall at the transfer station area to facilitate public use.  Site works currently planned for 2024 include the
commencement of closure activities, such as moving and reshaping the landfill mound.

1.3.1 SITE CAPACITY

Landfilling activity in 2023 was located on the southwest edge of the fill area, as presented on Figure 2.  As weigh
scales are not in place at the Site, mass and therefore volume estimates of incoming waste are not tracked.
Capacity assessments are completed annually; however, annual topographical surveys offer a more accurate
volume estimate than incoming volumes of uncompacted waste.

A topographical survey of the annual change in waste volume was not completed in 2023, at the request of the
Municipality, as a survey of the entire waste pile will be completed for the closure activities.  Therefore, the most
recent topographical survey conducted at the Site was undertaken in 2022 and is presented on Figure 3.  A total
volume of existing waste of approximately 48,030 m3 was measured during completion of the 2022 survey,
including both waste and cover material.  An annual deposition rate of approximately 2,530 m3 was calculated for
2022.  In 2023, as the Site only operated for a period of 5 months, the annul deposition rate is assumed to be less
than that of 2022.  For the purpose of this report, an annual deposition rate for 2023 was estimated at 1,054 m3,
based on the 2022 deposition rate and the duration of the 2023 operations.  It is noted that the volume of waste
measured during the 2022 survey excludes a brush pile situated to the northwest of the fill area.  The volume of
this pile is unknown and could not be determined during the survey.

Although no maximum allowable capacity was stated in the Site’s ECA, a theoretical maximum capacity of
107,895 m3 was calculated by Cambium Inc., based on MECP approved design requirements, as part of historical
Design and Operations Plan development.  Based on this theoretical capacity, the Site has an estimated remaining
capacity of approximately 59,865 m3, as of the 2022 survey.  As per the estimated 2023 annual deposition rate, the
Site would have an estimated site capacity of 58,811 m3 as of 1 June 2023.  The estimated remaining life
expectancy was not calculated for 2023, given that the Site has ceased accepting waste.  The remaining capacity of

the
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Site can only be accurately estimated when a topographical survey is undertaken, however, given that the site had
a calculated maximum expectancy of 24 years as of 2022, it is estimated that the capacity was not reached in 2023.
The required closure of the Site, as discussed above, is unrelated to Site capacity; the Site will be closed despite the
remaining capacity and potential life span.

1.4 MONITORING AND REPORTING PROGRAM 
OBJECTIVES AND REQUIREMENTS

Historical Site investigations resulted in the instrumentation of the Site with a number of groundwater monitoring
wells and identification of adjacent residential water well monitoring locations. The current groundwater
monitoring program comprises 25 groundwater monitoring wells (OW-1, OW-2, OW-3A, OW-3B, OW-4 through
OW-11, OW-12A/B, OW-13A/B, OW-14A/B, OW-15A/B, OW-16A/B, OW-17A/B and OW-18) and two off-Site
residential water wells (Irving and Paquet).  Monitoring wells OW-1 through OW-8 were installed by Waters
Environmental Geosciences Ltd. OW-1 through OW-5 were installed in April 2002 and OW-6 through OW-8 in
December 2003.  OW-9 through OW-11 were installed by Amec Foster Wheeler (Wood’s predecessor) in August
2014.  Well nests OW-12A/B, OW-13A/B and OW-14A/B were installed by Amec Foster Wheeler in July 2017. Wells
OW-15A/B through OW-18 were installed by WSP E&I in December 2022. The locations of all groundwater
monitoring wells are presented on Figure 2.

1.5 ASSUMPTIONS AND LIMITATIONS
WSP’s limitation of liability and scope of work is as follows:

1. The work performed in this report was carried out in accordance with the Terms and Conditions made part of
our contract. The conclusions presented herein are based solely upon the scope of services and time and
budgetary limitations described in our contract.

2. The report has been prepared in accordance with generally accepted environmental study and/or engineering
practices. No other warranties, either expressed or implied, are made as to the professional services provided
under the terms of our contract and included in this report.

3. The services performed and outlined in this report were based, in part, upon a previously installed monitoring
network, established by others and approved by the applicable regulatory agencies. Our opinion cannot be
extended to portions of the Site which were unavailable for direct observations, reasonably beyond the
control of WSP.

4. The objective of this report was to present a hydrological assessment for the Providence Bay Waste Disposal
Site (the Site) for submission to the Ministry of the Environment, Conservation and Parks (MECP) in support of
ongoing operations at the Site, and Site closure.

5. The Site history interpreted herein relies on information supplied by others, such as local, provincial and
federal agencies, as well as Site personnel. No attempt has been made to independently verify the accuracy of
such information, unless specifically noted in our report.

6. Our interpretations relating to the landfill-derived leachate plume at the Site are described in this report.
Where testing was performed, it was executed in accordance with our contract for these services. It should be
noted that other compounds or materials not tested for may be present in the Site environment.

7. The conclusions of this report are based, in part, on the information provided by others.  The possibility
remains that unexpected environmental conditions may be encountered at the Site in locations not
specifically investigated. Should such an event occur, WSP must be notified in order that we may determine if
modifications to our conclusions are necessary.

8. The utilization of WSP’s services during future monitoring at the Site will allow WSP to observe compliance
with the conclusions and recommendations contained herein. It will also provide for changes as necessary to

suit
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field conditions as they are encountered.
9. Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are

the responsibility of such third parties. WSP accepts no responsibility for damages, if any, suffered by any third
party as a result of decisions made or actions based on this report.
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2 PHYSICAL SETTING

2.1 GEOLOGY AND HYDROGEOLOGY
The subsurface soil conditions in the vicinity of the Site comprise shallow overburden overlying
limestone/dolostone and shale (GM, 2014).  The bedrock encountered beneath the Site is described as grey/brown
dolomitic limestone (GM, 2014).  Groundwater flow is thought to be predominantly in the upper, more highly
fractured bedrock unit, which is reported to be underlain by more competent, less fractured, dolostone bedrock
(GM, 2014).  The hydraulic conductivity and linear groundwater flow velocity likely decreases with depth as a
result.  Borehole logs depicting the soil and monitoring well construction details for monitoring wells are provided
in Appendix B.

Static water levels were recorded by WSP at each of the wells during the fall 2023 groundwater monitoring event.
Appendix C presents the groundwater elevations measured during the 2023 groundwater monitoring event.
Figure 4A though 4C presents the inferred groundwater elevation contours and groundwater flow directions for
the shallow, intermediate and deep flow systems during the fall 2023 monitoring event.

The inclusion of the supplemental monitoring well nests installed in 2022 resulted in the reassessment of the
current groundwater flow systems.  Based on the groundwater elevations and the well screen depth elevations,
the monitoring network was divided into three (3) hydrostratigraphic units; shallow, intermediate, and deep.  In
general, the recorded static groundwater levels indicate localized groundwater flow across the Site to the north,
west and northwest in the shallow and intermediate flow systems, and southwest in the deep flow system.  The
overall groundwater flow direction is inferred to be away from the Site, ultimately discharging to Lake Huron,
which is situated approximately 500 m west of the Site.
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3 DESCRIPTION OF MONITORING 
PROGRAM

3.1 MONITORING LOCATIONS
All groundwater monitoring locations are illustrated on Figure 2.  Detailed locations are provided in Table 1.
Monitoring well elevations for top of casing are provided in Appendix C.

Table 1: Monitoring Locations On-Site

Monitoring
Location

Easting

Zone 17
NAD 83

Northing

Zone 17
NAD 83

Collection
Method Accuracy Collection

Personnel
Date
Collected

OW-1 401860 5056683

Handheld
GPS +/- 5 m Trained WSP

field crew

24
September
2015

OW-2 401790 5056836

OW-3A/B 401767 5056727

OW-4 401763 5056674

OW-5 401735 5056770

OW-6 401649 5056865

OW-7 401676 5056698

OW-8 401954 5056866

OW-9 401633 5056783

OW-10 401839 5056881

OW-11 401731 5056882

OW-12A/B 401619 5056825

25 July 2017OW-13A/B 401738 5056741

OW-14A/B 401722 5056634

OW-15A/B 401623 5056626

12 December
2023

OW-16A/B 401639 5056705

OW17-A/B 401652 5056948

OW-18 401751 5056653

Table 2 presents a summary of the construction details and respective on-Site positions of the groundwater
monitoring wells.  All construction details for wells installed in 2002 and 2003 are based on borehole logs prepared

by
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Waters Environmental Geosciences Ltd (Appendix B).  According to the groundwater elevation data collected to
date, OW-8 is located upgradient of the Site, and is interpreted to be representative of background (i.e., non-
impacted) water quality conditions, allowing a detailed evaluation of the Site to be undertaken with respect to
MECP Guideline B-7.  Following the 2023 monitoring period there appears to be a potential groundwater divide
along the eastern property boundary, between monitoring well OW-10 and background monitoring well OW-8.

As previously discussed, the monitoring well network was divided into three (3) flow systems, therefore, by the
present assessment, some of monitoring well nest’s on-site position have been re-assessed.  Monitoring well
OW-1, previously interpreted as crossgradient, is now interpreted to be located upgradient, but in the immediate
vicinity of the fill area.  Well nest OW-14A/B and OW-15A/B are located crossgradient from the fill area.
Monitoring well OW-16A, as part of the shallow flow system; as well as OW-17B, as part of the deep flow system,
are situated crossgradient to the Site.  All remaining wells are situated at various distances and directions
downgradient of the waste deposits and are considered representative of water quality downgradient from the fill
area.  The downgradient property boundaries are represented by OW-6, OW-7, OW-10, OW-11, and OW-13A/B, as
presented on Figure 2.  As discussed in Section 1.3, well nests OW-15, OW-16, and OW-17 were installed on 12
December 2022 in order to monitor the recently extended downgradient CAZ boundaries. Monitoring wells OW-9
and OW-12A/B monitor the western CAZ boundary of the Site.  Monitoring well OW-18 was installed to monitor
the leachate characteristics of the Site.

Table 2: Groundwater Monitoring Well Construction Details

Well ID Condition Total Depth
(mbgs)1

Screened
Interval (mbgs) Unit Screened On-Site Position

OW-1 Good 13.34 8.4 – 13.34 Bedrock  Upgradient

OW-2 Good 13.28 8.3 – 13.28 Bedrock Downgradient

OW-3A Good 11.98 8.1 – 11.98 Bedrock Downgradient

OW-3B Good 19.40 Not available Bedrock Downgradient

OW-4 Good 12.13 7.6 – 12.13 Bedrock Downgradient

OW-5 Good 13.31 8.2 – 13.31 Bedrock Downgradient

OW-6 Good 13.36 8.3 – 13.36 Bedrock Downgradient

OW-7 Good 13.33 8.3 – 13.33 Bedrock Downgradient

OW-8 Good 13.20 8.3 – 13.20 Bedrock Upgradient
(background)

OW-9 Good 15.65 12.65 – 15.65 Bedrock Downgradient

OW-10 Good 14.47 11.47 – 14.47 Bedrock Downgradient

OW-11 Good 14.62 13.12 – 14.62 Bedrock Downgradient
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Well ID Condition Total Depth
(mbgs)1

Screened
Interval (mbgs) Unit Screened On-Site Position

OW-12A Good 13.4 11.9 – 13.4 Bedrock Downgradient
CAZ Boundary

OW-12B Good 17.1 14.1 – 17.1 Bedrock Downgradient
CAZ Boundary

OW-13A Good 5.5 4.0 – 5.5 Bedrock Downgradient

OW-13B Good 11.0 8.0 – 11.0 Bedrock Downgradient

OW-14A Good 6.9 5.4 – 6.9 Bedrock Crossgradient

OW-14B Good 11.6 8.6 – 11.6 Bedrock Crossgradient

OW-15A Good 7.0 4.0 7.0 Bedrock  Crossgradient
CAZ Boundary

OW-15B Good 12.0 9.0 – 12.0 Bedrock  Crossgradient
CAZ Boundary

OW-16A Good 6.1 3.1 – 6.1 Bedrock  Crossgradient
CAZ Boundary

OW-16B Good 11.5 8.5 – 11.5 Bedrock Downgradient
CAZ Boundary

OW-17A Good 8.0 5.0 – 8.0 Bedrock Downgradient
CAZ Boundary

OW-17B Good 17.1 14.1 – 17.1 Bedrock  Crossgradient
CAZ Boundary

OW-18 Good 7.0 3.7 – 6.7 Bedrock Downgradient
(Source)

Notes:

(1) mbgs indicates m below ground surface.

3.2 MONITORING FREQUENCY
Groundwater is sampled by WSP annually, during the fall.  The annual monitoring event occurred on 30 October
2023 to 2 November 2023.  Beginning in 2020, the annual sampling events have been undertaken later in the year,
as compared to historical events, in an attempt to capture higher groundwater table elevations, as limited well
volumes and recoveries, which impacted groundwater sampling activities, were historically noted at the Site.
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3.3 FIELD AND LABORATORY PARAMETERS AND 
ANALYSIS

Geochemical analyses for general chemistry, metals, select volatiles and nitrogen cycle parameters were
completed on all samples collected.  A detailed list of laboratory parameters is included in Appendix D.  Field
parameters comprised static water level measurements, temperature, pH, conductivity, dissolved solids, dissolved
oxygen and oxygen reduction potential (ORP).  All field equipment were maintained, calibrated, and
decontaminated 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 obtain samples 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 and dissolved organic carbon analysis were field-filtered using a single use
0.45 mm filter unit, and the remaining samples were preserved following standard laboratory protocols as
established in the MECP “Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of
the Environmental Protection Act, Version 3.0” (“Analytical Protocol”; MECP, 2020)”.

Samples were submitted under chain of custody, in a temperature controlled setting (i.e., in a cooler, on ice) to
Canadian Association for Laboratory Accreditation (CALA) accredited laboratory sub-contractor, AGAT Laboratories
(AGAT), in Mississauga 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).

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

As a minimum, for every ten groundwater samples collected, one field duplicate sample is collected and included
in the laboratory submission for analysis.  Three field duplicate samples were collected during the 2023 annual
monitoring event.  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 dating back to 2004 are provided in Appendix E.

4.2 DATA QUALITY EVALUATION
The analytical laboratory employed to perform the laboratory analyses (AGAT) 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 AGAT 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.  The laboratory minimum detection limits were
reported to be at or lower than the required MECP reporting detection limits for the parameters analyzed.  A
comparison of the internal laboratory duplicate samples indicates that all samples and the respective duplicates
are within laboratory acceptable range limits.

The measured cooler temperatures when received by the laboratory were within acceptable limits (< 10 degrees
Celsius), with the exception of the residential samples (23T074344). These samples were delivered to the lab with
an average temperature of 16.4°C.  Temperatures above 10°C are more conducive to chemical and biological
activity in the sample, which can lead degradation or transformation of target contaminants.  Therefore, results for
samples delivered to the laboratory above 10°C should be qualified and considered estimated, particularly
biological and organic samples.  In addition, complication with sample submission required the lab to subsample
for mercury from a plastic bottle, as opposed to the lab issued amber vial.  The mercury results for the residential
samples may have a low biased outcome.

As a quality control measure, groundwater field duplicate samples were collected during the annual sampling
event.  All field duplicate data are provided in Appendix D and summarized in Appendix E.  The groundwater
duplicate samples were collected from OW-13B, OW-14B and OW-10 and identified as PB DUP1, PB DUP2 and PB
DUP3, respectively.  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%) and, therefore, indicative of no 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 across the Site
towards the north, west and northwest in the shallow, and intermediate hyrdrostratigraphic units, and assumed to
be to the southwest in the deep hydrostratigraphic unit.  Static groundwater levels are presented in Appendix C;
groundwater elevations, inferred groundwater elevation contours, and inferred groundwater flow directions for
the fall 2023 groundwater monitoring event are illustrated on Figure 4A through 4C.

In addition to the current groundwater elevation data, groundwater elevations in previous sampling events were
reviewed to identify any trends or inconsistencies in the data.  The available groundwater elevation data indicate
relatively stable elevations over time, particularly since 2006.  The reported static groundwater elevations for the
majority of the monitoring wells in 2023 are elevated compared to previous sampling events, however, remain
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relatively within the historical range.  It is noted that the groundwater elevations recorded in monitoring wells
OW-9 and OW-11 during the 2014 monitoring event do not appear to be representative of actual groundwater
conditions at these locations, as wells were developed following measurement of static water levels during that
sampling event.  A time-elevation graph is presented in Appendix F for all monitoring wells from 2002 to 2023.

4.4 GROUNDWATER QUALITY MONITORING
Samples were collected from all 25 groundwater monitoring wells during the fall 2023 annual monitoring event.
Data summary tables are provided in Appendix E.  A photographic inventory of monitoring wells is provided in
Appendix G.

4.4.1 UPGRADIENT WATER QUALITY

Background water quality in upgradient monitoring well OW-8 is generally characterized across the historical
records by elevated concentrations of dissolved organic carbon (DOC), moderate concentrations of alkalinity and
total dissolved solids (TDS), and low concentrations of chloride, sulphate and most metals parameters, when
compared to the ODWS (Ontario Drinking Water Quality Standards).  An ODWS exceedance was quantified for
DOC, indicated by a bold entry in the associated data table provided in Appendix E. In accordance with Guideline B-
7 calculations, these concentrations are considered to be representative of Site-specific background water quality
in the aquifer intersected by the well screen.  OW-8 is interpreted to be screened within the intermediate
hydrostratigraphic unit.

It is also noted that groundwater quality in the area is reported to be highly mineralized, with a noticeable sulphur
odour.  It has been concluded during previous investigations completed by others that this is the result of naturally
occurring elevated concentrations of sulphate, iron, TDS and DOC, which are typical of limestone/dolostone
bedrock groundwater aquifers (GM BluePlan Engineering, 2014). These parameters are therefore interpreted to be
poor landfill indicator parameters for this site, as elevated concentrations are not necessarily indicative of a
landfill-derived impact to groundwater quality.

Groundwater quality in OW-1, situated east and upgradient of the fill area, is characterized by elevated
concentrations of most parameters, as compared to background monitor OW-8 throughout the monitoring record.
The increase in leachate indicator parameter concentrations in OW-1 over recent years, suggests that the aquifer is
potentially beginning to present effects related to localized leachate mounding within the fill area.  The water
quality characterized at this location is similar to those characterized at the downgradient wells screened at a
similar depth.  Therefore, Site-derived impacts to water quality are interpreted at this location.

4.4.2 CROSSGRADIENT WATER QUALITY

Wel nest OW-14, situated southwest of the active fill area, exhibits differing water quality in the shallow and
intermediate units.  Groundwater quality in OW-14A, the shallow installation, is characterized by elevated
concentrations of most landfill indicator parameters, and exhibits water quality similar to OW-1, with the
exception of manganese, which is consistently elevated in OW-14A.  A detectable concentration of toluene was
quantified in previous sampling events in OW-14A at levels below the ODWQS.  Water quality in intermediate
monitoring well OW-14B is generally characterized by slightly elevated concentrations of sulphate, barium, boron,
potassium and sodium, in comparison to background well OW-8; however, concentrations of most parameters are
similar to, or lower than, background across the monitoring record.

Based on the groundwater flow direction, well nest OW-15 is located hydrologically crossgradient of the landfill
area, this well nest is located in the southwest corner of the recently extended downgradient CAZ boundary, west
of the OW-14 well nest.  This well nest indicates an impact to groundwater quality in both installations, with a
more defined impact apparent in the intermediate installation, OW-15B.  Concentrations of most landfill indicator
parameters are elevated in OW-15A, in comparison to background water quality, with the exception of alkalinity

and
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DOC which are lower than background.  Elevated concentrations of landfill indicator parameters also characterize
water quality in OW-15B, but at levels higher than those quantified in the shallow installation.  Sulphate
concentrations at this well nest are also significantly elevated, particularly within the deeper installation,
compared to the leachate water quality at OW-18.  Given the hydraulic position of the well nest in relation to the
fill area, in addition to the elevated sulphate concentrations exhibited in the deep installation, impacts are
potentially a result of background water quality conditions.

4.4.3 ON-SITE DOWNGRADIENT WATER QUALITY

Monitoring wells OW-18, OW-4, OW-3A/B, OW-5 and OW-2 monitor groundwater quality immediately
downgradient of the fill area and the various waste segregation areas on-Site.

OW-18, situated immediately downgradient of the active fill area, is characterized by significantly elevated
concentrations of all landfill indicator parameters in comparison to background water quality, indicating Site-
derived impacts to the groundwater quality at this location.

OW-4 is situated immediately west of the active fill area.  Groundwater quality at this location is characterized by
slightly elevated concentrations of sulphate and boron, when compared to background water quality, and
concentrations of DOC lower than those reported at background monitoring well OW-8.  Concentrations of
parameters including alkalinity, chloride and TDS are usually quantified at levels similar to background conditions
at OW-4, however, chloride is slightly elevated compared to background water quality in 2023.

Well nest OW-3A/B is located northwest of the active fill area and is situated mid-Site.  The intermediate and deep
hydrostratigraphic units are monitored at this location by OW-3A and OW-3B, respectively, and report differing
water quality.  Water quality in intermediate downgradient well OW-3A is characterized by elevated
concentrations of most parameters analyzed, as compared to background.  Groundwater quality in the deep unit
at this location, in OW-3B, is generally characterized by low concentrations of DOC, and elevated concentrations of
chloride, sulphate, TDS, boron and sodium, as compared to water quality in OW-8 (i.e., background well).

Groundwater quality in intermediate depth well OW-5, situated northwest of well nest OW-3 and downgradient of
Site activities, is generally characterized by slightly elevated concentrations of most landfill indicator parameters,
with the exception of DOC and alkalinity, which were quantified at a concentration lower than background.  It is
noted that concentrations of indicator parameters have been lower at this location since 2019, as compared to
recent historical events, potentially indicating an apparent decreasing landfill-derived impact at OW-5.

OW-2 is situated downgradient of Site activities to the north and is screened within the intermediate unit.
Groundwater quality at this location is generally characterized by elevated concentrations of chloride, sulphate
and boron, and low concentrations of alkalinity and DOC, as compared to water quality in background monitoring
well OW-8.

4.4.4 DOWNGRADIENT PROPERTY BOUNDARY WATER QUALITY

As discussed above, downgradient property boundaries are represented by monitoring wells OW-7, OW-13A/B,
and OW-14A/B to the west of the fill area, OW-6 to the northwest of the fill area, and OW-10 and OW-11 to the
north of the fill area, as illustrated on Figure 2.

Groundwater quality in OW-7, situated west of the fill area, is characterized by elevated sulphate, TDS, boron and
sodium, as compared to background, and low concentrations of alkalinity and DOC.

Well nest OW-13 is situated northwest of the fill area, east of the west property boundary, and indicates a
potential Site-derived impact to groundwater quality in both wells, with a more defined impact apparent in the
shallow installation, OW-13A.  Concentrations of all landfill indicator parameters are elevated in OW-13A, in
comparison to background water quality.  Elevated concentrations of landfill indicator parameters also
characterize water quality in the intermediate installation OW-13B, but at levels lower than those quantified in the
shallow installation.  Detectable concentrations of toluene were quantified in previous sampling events in both
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OW-13A and OW-13B, at levels below the ODWS.

OW-6 is located in the northwest corner of the Municipality-owned property, and immediately west of the
Municipal Works building.  Groundwater quality at this intermediate downgradient location is generally
characterized by concentrations of most parameters at levels similar to or lower than background, with the
exceptions of sulphate, TDS, boron and sodium, which are elevated in comparison to water quality in OW-8.

The north property boundary of the Site is monitored by wells OW-10 and OW-11, both screened within the
intermediate hydrostratigraphic unit.  Water quality in OW-10 is characterized by slightly elevated concentrations
of most analytical parameters in comparison to background water quality in OW-8, with the exception of alkalinity,
DOC, and iron which are lower than background.  Water quality in OW-11, situated at the north property boundary
to the west of OW-10, is characterized by low alkalinity and DOC, and elevated concentrations of sulphate, barium,
boron and sodium, in comparison to background water quality in OW-8.

4.4.5 DOWNGRADIENT CAZ BOUNDARY WATER QUALITY

The downgradient CAZ boundaries are represented by monitoring wells OW-9, OW-12A/B, and recently installed
monitoring wells OW-16A/B, and OW-17A/B.

OW-9, located west of the Site and at the west property boundary line in the intermediate unit, generally
demonstrates water quality characterized by low concentrations of alkalinity and DOC, and slightly elevated
concentrations of chloride, sulphate, barium, boron and sodium, as compared to background monitoring well
OW-8.

Well nest OW-12 is situated along the western property/CAZ boundary of the Site, north of OW-9, and reports
generally slightly higher concentrations of indicator parameters in OW-12B, the deeper of the two installations, as
compared to OW-12A.  Groundwater quality in intermediate installation OW-12A is characterized by elevated
concentrations of barium, boron and sodium, and low concentrations of alkalinity, DOC and TDS, as compared to
background throughout the monitoring record.  Water quality in the deeper installation, OW-12B, is characterized
by elevated concentrations of sulphate, TDS, barium and boron, in comparison to water quality at background
monitor OW-8.  It is important to note, that OW-12B is screened within a deeper unit as compared to the
background well, therefore elevated concentrations in OW-12B may not be indicative of landfill derived impacts,
but a difference in water quality at depth, as compared to the background well.

During a historical monitoring event conducted in October 2017, additional parameters, namely volatile organic
compounds (VOCs) and petroleum hydrocarbons (PHCs) were analyzed at OW-12B in order to confirm a potential
presence these parameters associated with petroleum hydrocarbons.  PHCs in groundwater were initially observed
during a supplemental sampling event in May 2017, which was conducted as part of a separate hydrogeological
investigation.  Detectable levels of PHCs and toluene were quantified in October 2017, as shown in the associated
data summary table presented in Appendix E, resulting in the recommendation to continue the analysis of PHCs
and VOCs at this monitoring well during future monitoring events.  An insufficient volume of water and slow
recovery prevented the collection of samples for VOCs in 2018 and for PHCs in 2018 through 2022.  PHCs and VOCs
were analyzed at OW-12B during the 2021, 2022 and 2023 monitoring events.  Obtaining a sufficient sample
volume at OW-12B is an ongoing challenge and consistent collection of extra sample volume is not realistic at this
well on an ongoing basis.  All VOC results were below the detection limit during 2021, 2022 and 2023 and
detectable concentrations of PHCs fractions F3 and F4 were quantified during those events.  Based on the available
data, the source of the PHCs quantified in 2017 is unknown at this time; however, they are not interpreted to be
derived from the waste deposition area and could potentially be the result of sources unrelated to landfill activity.
It is noted that PHCs are sometimes present naturally on Manitoulin Island and are not always indicative of
contamination to groundwater from anthropogenic sources.

Well nest OW-16 is located west of the Site in the recently extended downgradient CAZ boundary, south of OW-9
and indicates a potential Site-derived impact to groundwater quality in both wells.  Water quality in OW-16A is
characterized by elevated concentrations of alkalinity, chloride, DOC, sulphate, TDS, barium, boron and sodium in
comparison to the background water quality.  Water quality in the intermediate installation OW-16B is
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characterized by elevated concentrations of chloride, sulphate, TDS, barium, boron and sodium and lower
concentrations of alkalinity and DOC in comparison to background water quality.

Well nest OW-17 is located across Government Road to the northwest of Site.  Water quality in the intermediate
installation OW-17A is characterized by slightly elevated concentrations of chloride, sulphate and boron, DOC, TDS
and barium and lower concentrations of alkalinity in comparison to background water quality.  Water quality in the
deeper installation OW-17B is characterized by slightly elevated concentrations of chloride, sulphate, barium,
boron and sodium with lower concentrations of alkalinity and DOC in comparison to background water quality.
Given that OW-17B is screened within a deeper unit as compared to the background well, it is noted that the
elevated concentrations in OW-17B may not be indicative of landfill derived impacts, but a difference in water
quality at depth, as compared to the background well.

4.4.6 GROUNDWATER FIELD PARAMETER MEASUREMENTS

Field parameters were measured at all monitoring wells at the time of sampling and are presented in Table 3.

Table 3: October 2023 Groundwater Field Parameter Measurements

Well ID Temperature
(oC) pH Conductivity

(mS/cm)
Dissolved
Solids (mg/L)

Dissolved
Oxygen
(mg/L)

ORP (mV)

OW-1 7.8 7.80 1074 537 2.15 -58.4
OW-2 8.3 8.30 408 204 3.53 30.2

OW-3A 8.4 7.75 1221 611 4.83 -13.3
OW-3B 7.2 8.17 637 319 9.15 51.2
OW-4 8.4 8.14 521 261 4.57 16.7
OW-5 7.5 8.11 615 308 10.56 63.2
OW-6 8.4 8.87 524 262 7.90 87.5
OW-7 8.6 9.28 551 276 8.55 23.8
OW-8 9.0 8.80 410 205 6.62 65.4
OW-9 9.5 8.79 433 217 6.89 23.1

OW-10 6.5 8.00 502 251 3.70 28.4
OW-11 7.2 10.52 487 244 10.60 41.1

OW-12A 8.5 9.30 381 191 5.60 49.7
OW-12B 9.1 8.85 570 285 7.90 64.0
OW-13A 10.7 7.26 1934 967 6.42 82.4
OW-13B 8.8 7.77 735 368 5.09 52.4
OW-14A 3.8 7.83 932 466 9.85 117.9
OW-14B 4.86 7.96 472 236 4.04 113.8
OW-15A 8.58 9.59 587 294 8.22 46.1
OW-15B 7.71 9.63 1663 832 10.25 31.6
OW-16A 8.34 8.61 847 424 8.28 32.9
OW-16B 7.37 9.43 761 381 9.53 32.4
OW-17A 7.89 9.84 454 227 3.53 15.9
OW-17B 6.07 9.98 472 236 9.42 29.9
OW-18 9.77 7.77 4488 2244 5.39 -41.3
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4.4.7 RESIDENTIAL WELL MONITORING

Two residential wells are integrated into the Site annual monitoring program.  Samples were obtained at both
locations (Irving and Paquet) during 2023 in advance of the fall monitoring event.  Residential samples were
collected in September 2023 by Municipality staff under direction from WSP.  Advanced sampling of residential
locations was deemed necessary by the Municipality in order to ensure both samples were obtained, as residents
are often not available later in the fall during the planned landfill sampling event.  As shown on Figure 2, both
residential monitoring locations are situated west, and therefore hydraulically downgradient, of the Site.

Groundwater quality in the Paquet residential water well is generally characterized by concentrations of all
parameters analyzed at levels similar to background, with the exceptions of boron and sulphate, which are slightly
elevated.  A high TDS concentration, exceeding the ODWS, was quantified at this location during 2019; however,
subsequent results have confirmed that the 2019 concentration was anomalous and not representative of actual
TDS concentrations at this location.  DOC ODWS exceedances were quantified during the 2021 and 2022
monitoring events, at a level lower than background concentrations.  Microbial parameters are occasionally
elevated with respect to the ODWS which are interpreted to be unrelated to the landfill (Appendix E).

Water quality in the Irving residential water well is generally characterized by concentrations of all parameters at
levels similar to, or lower than, background, with the exceptions of sulphate and boron, which were slightly
elevated in comparison to OW-8 and are generally quantified at levels similar to those reported at the Paquet
location.  Occasional ODWS exceedances of DOC are detected at concentrations lower than at the background
monitoring location.  These elevated DOC and microbial concentrations at the Irving residential water well are not
interpreted to be landfill-related and are likely representative of the natural range of fluctuation of these
parameters in the vicinity of the Site.

In summary, a review of the 2023 geochemical data from the neighbouring residential water supply wells indicates
that these locations are not experiencing evidence of a landfill-derived impact.
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5 ASSESSMENT, INTERPRETATION 
AND DISCUSSION

5.1 GROUNDWATER PLUME DELINEATION
The horizontal delineation of the groundwater plume emanating from the landfill fill area was inferred based on
the geographical distribution of chloride, which is interpreted to be an effective landfill indicator parameter.  The
distribution of chloride concentrations across the Site was illustrated by contours inferred from the
October/November 2023 monitoring data, which are presented on Figure 4.  These contours were derived from
maximum reported concentrations at each multi-level well nest and are considered representative of “worst-case”
conditions.  The contours observed for chloride are interpreted to be aligned with the inferred groundwater
contours at the Site.  Contours indicate more elevated concentrations of chloride at monitoring locations
immediately downgradient of the fill area, with a gradual decrease in concentration towards the north and west of
the fill area.  At the north boundary of the Site and along the south side of Government Road, chloride
concentrations are not uniform and differ slightly from the groundwater elevation contours.  This could potentially
be the result of an impact related to road salt, which may be occurring in OW-10.  The chloride concentration in
deep well OW-17B is slightly elevated when compared to the upgradient water quality and could potentially be
related to road salting or indicative of variation in groundwater quality within the deeper hydrostratigraphic unit
and is not interpreted to be a result of landfill-derived impacts.  The inferred chloride concentration contours
suggest that the landfill-derived impacts are contained to within a distance of approximately 200 m to the north t
of the fill area.  Chloride concentrations remain elevated to the west of the fill area, therefore suggesting that
landfill derived impacts may not be contained within the western CAZ boundary.

For the purpose of the delineation of the vertical groundwater plume, a section of the subsurface along the
predominant direction of groundwater flow at the Site (i.e., northwest), was selected in order to evaluate the
pattern of chloride concentrations for the fall 2023 monitoring event.  The selected section is shown on Figure 5
and includes 15 monitoring wells, of which four are multi-level monitoring well nests.  The inferred vertical
concentration contours for chloride suggest attenuation of this parameter with depth at monitoring locations
downgradient of OW-5.  The nested wells indicate that chloride concentrations are more elevated in the shallow
installation at OW-13, while the opposite is true at well nest OW-12 and OW-17, where the deeper of the two
installations quantifies the higher chloride concentration.  This pattern suggests that landfill impacts are shallow
nearest the fill area, and deeper with distance as the plume migrates downgradient.  Concentrations of chloride
are attenuated with depth in the direction of groundwater flow, with impacts deepening as the plume migrates in
a downgradient direction.

5.2 GROUNDWATER TREND ANALYSIS
The current and historical groundwater elevation and water quality data were reviewed with the objective of
identifying any apparent trends or inconsistencies in the monitoring record.  With respect to the groundwater
elevations, the available data indicate relatively stable elevations over time (Appendix F), particularly since 2006.
Groundwater elevations recorded in monitoring wells OW-9 and OW-11 during the 2014 monitoring event and in
OW-12B during the August 2017 monitoring event appear to be the result of drilling effects and incomplete water
level recovery following drilling and are not likely representative of actual groundwater elevations.  Over the 2023
sampling event, the majority of the monitoring well network recorded elevated groundwater elevations, with the
exception of OW-8 and OW-9.  Monitoring wells OW-8 and OW-9 recorded significantly lower groundwater
elevations when compared to the historical monitoring record.



2023 ANNUAL GROUNDWATER MONITORING REPORT
Project No. TY1410143
The Municipality of Central Manitoulin

WSP
February 2, 2024

Page 17

A series of time-concentration graphs were developed for several select typical groundwater landfill indicator
parameters (including alkalinity, barium, boron, chloride, DOC, sulphate and TDS) for all monitoring wells from
2002 to 2023.  These time-concentration graphs are presented in Appendix F.  Recently installed monitoring wells
OW-15A/B through OW-18 have been included as part of the time-concentration graphs, however trends cannot
be discussed for these monitoring locations until additional data have been collected.  The available data generally
indicate stable concentrations of landfill indicator parameters throughout the monitoring record.  No significant
increasing or decreasing trends are apparent for any of the parameters graphed; however, most landfill indicator
parameters appear to be increasing over time in OW-13A.  Various anomalous results have been quantified
throughout the monitoring record, including alkalinity and sulphate in OW-2 during June 2002, barium in OW-6
and OW-3B during March 2004 and November 2010, respectively, and chloride, DOC and TDS at various locations
prior to 2005. In addition, the Paquet residential water well quantified an anomalous TDS concentration during
2019.  DOC concentrations quantified in both the Irving and Paquet samples during 2021 may also be anomalous,
as both are elevated in comparison to the historical monitoring record.

Results for wells OW-9 through OW-11, and well nests OW-12 through OW-14, installed in 2014 and 2017,
respectively, closely follow the trends as set by the other monitoring wells.  The only exception to this is OW-13A,
which is noticeably higher in concentration of most landfill indicator parameters and presents an increasing trend
over time.  It is noted that the results for OW-9 and OW-11 in 2014, as well as for OW-12B in 2017, appear to be
unrepresentative of actual groundwater conditions in these wells, as most parameters are elevated in comparison
to the concentrations quantified at these locations since the initial sampling events.

Differing water quality characteristics are evident in OW-3B, specifically with respect to boron concentrations,
which are consistently higher than those reported at the remainder of the monitoring well network.  Similarly, a
distinct groundwater quality is apparent in OW-5, indicative of a landfill-derived impact to groundwater, as
illustrated by the elevated concentrations of landfill indicator parameters such as alkalinity, chloride and TDS
reported at this location, as compared to background and non-impacted downgradient wells.  In comparison, the
Irving and Paquet residential water wells report similar and stable water quality throughout the historical
monitoring record.

As previously discussed, elevated sulphate is reported to be naturally occurring in the vicinity of the Site as a result
of the highly mineralized bedrock groundwater system (GM BluePlan Engineering, 2014).  Sulphate concentrations
are variable across the monitoring network, regardless of proximity to waste deposits.  These results are consistent
throughout the historical monitoring record, as illustrated by the sulphate trend chart.  Sulphate has therefore
been considered an inappropriate landfill indicator parameter, as it is not possible to distinguish naturally
occurring concentrations from those that could potentially be landfill derived.

5.3 GUIDELINE B-7 CALCULATIONS
In September 1986, a guideline was introduced by the MECP to assist in the evaluation of groundwater impacts,
especially for the case of landfill and/or lagoon operations.  The guideline was entitled “The Incorporation of the
Reasonable Use Concept into MECP Groundwater Management Activities” and is now referred to as Guideline B-7
(formerly Policy 15-08).  Simply stated, the guideline 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 Site property
boundaries.

In order to apply Guideline B-7, the appropriate resource use of the adjacent properties must be selected.  For the
Providence Bay Waste Disposal 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
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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).  As such, operational guidelines have been established within the
ODWS 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.

In order to establish the background geochemical profile, the geometric mean of the valid concentrations of each
applicable ODWS parameter in OW-8 is calculated, and the resultant values are applied along with the ODWS, to
complete a Guideline B-7 analysis for all of the on-Site groundwater monitoring wells for various landfill indicator
parameters.  Appendix H presents the Guideline B-7 calculations for the fall 2023 monitoring results that have
been developed using all valid background analytical data observed in OW-8.

It should be noted that these Guideline B-7 values are much lower (i.e., more stringent) than the ODWS.  A well-by-
well comparison of the performance of each of the parameters at all of the downgradient groundwater monitoring
wells is presented in Appendix H for the 2023 monitoring event.  By the present assessment, wells OW-1, OW-3A,
OW-13A, OW-13B, OW-14A, OW-15A, OW-15B, OW-16A, OW-16B, OW-17A, OW-17B and OW-18 exhibit Guideline
B-7 exceedances during the fall 2023 monitoring event.  The exceedances are indicated by bold and shaded entries
in the table provided in Appendix H.  In the event that the background concentration of a parameter exceeds the
ODWS, the background level is considered the maximum allowable concentration not to be exceeded.  This is the
case for DOC during the 2023 monitoring event.

Comparing concentrations observed in the groundwater monitoring wells during the 2023 sampling event to the
calculated maximum allowable concentration (Appendix H), three health related and all six non-health related
parameter exceedances are noted.  The health-related parameters in exceedance of the Guideline B-7 maximum
concentration consist of barium, nitrate, and nitrite at OW-18; and nitrite at OW-13A.  The non-health parameters
that were exceeded consist of alkalinity, chloride, DOC, sodium, sulphate and TDS.  Monitoring well OW-18
quantified an exceedance for all non-health related parameters, with the exception of sulphate.  Alkalinity
exceeded at OW-1, OW-3A, and OW-13A; chloride at OW-15A, OW-15B, and OW-16B ; DOC at OW-1, OW-3A, OW-
13A, OW-14A, OW-16A, OW-17A, and OW-17B; sodium at OW-15B; sulphate at OW-15B; and TDS at OW-1, OW-
3A, OW-13A, OW-13B, OW-14A, OW-15A, OW-15B, OW-16A, and OW-16B.  As previously discussed, DOC is
elevated at background and is not an ideal indicator of landfill-derived impacts.

In summary, the monitoring record indicates that a measurable water quality impact is occurring downgradient of
the waste deposits in select monitoring wells.  Impacts in OW-1 are potentially landfill-derived, as trends in
leachate indicator parameter concentrations over recent years suggests that the aquifer might be beginning to
present effects related to leachate mounding within the fill area.  Impacts quantified in OW-18 are interpreted to
be Site-derived, which is expected given the wells placement immediately downgradient of the active fill area.
Impacts quantified in OW-3A, OW-14A, and well nests OW-13, OW-15 and OW-16 are interpreted to be Site-
derived.  Impacts to crossgradient well nest OW-15 are not necessarily solely Site-derived, rather a potential
compounding of background water quality conditions, given the hydraulic position of the well nest in relation to
the fill area.  It is important to note that although well nest OW-13 is situated at the west property boundary, the
northwesterly flow of groundwater in this area allows for additional on-Site attenuation downgradient of these
wells in the western portion of Municipality-owned land.  Additional data are required in order to confirm the
groundwater flow direction and water quality condition, following the inclusion of the 2022 monitoring wells.

An extension of the Site CAZ was calculated by Wood (WSP’s predecessor), as presented in the Contaminant
Attenuation Zone Reassessment (Wood, 2020).  It was estimated that the required CAZ is comprised of an
additional 110 m of property to the west, 90 m of property to the north, and 10 m of property to the east of the
existing property boundaries.  The CAZ was recently extended to the recommended boundaries through a
groundwater easement, the extension was instrumented with monitoring wells on 12 December 2022 in order to
monitor water quality after further attenuation downgradient of the non-compliant wells.  Impacts quantified in

well
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nests OW-15 and OW-16 are interpreted to be Site-derived, to a degree.  Given the presence of these impacts, the
extension of the CAZ has not brought the Site into compliance with respect to Guideline B-7 as previously
anticipated.  However, such impacts could be the result of drilling effects, therefore further sampling in 2024 may
put the Site into compliance with respect to Guideline B-7.

5.4 ADEQUACY OF THE MONITORING PROGRAM
It is WSP’s opinion that the current groundwater monitoring program with inclusion of the extension and
monitoring of the CAZ 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 I.
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6 CONCLUSIONS
Based on the results of the current (2023) monitoring program, the following conclusions have been made:

1. Groundwater movement at the Site was determined by static groundwater level measurements recorded at
each of the monitoring wells as being directed away from the Site towards the west and northwest in the
shallow and intermediate hydrostratigraphic units and assume to be to the southwest in the deep
hydrostratigraphic unit.

2. The current monitoring record indicates a landfill-derived impact to groundwater quality in monitoring wells
downgradient of the waste fill area, but a noticeable improvement in water quality is apparent with increased
distance downgradient.

3. Monitoring wellOW-12B, continues to quantify detectable concentrations of PHC parameters (i.e., fractions F3
and F4) during the 2023 monitoring event Given the general lack of quantifiable levels of PHC elsewhere
within the monitoring network it is interpreted that the detectable concentrations of PHCs at this location may
not be due to leachate derived impacts.

4. It is noted that deep monitoring wells OW-3B, OW-12B and OW-17B are screened within a deeper
hydrostratigraphic unit as compared to background well OW-8, therefore elevated concentrations of certain
parameters may not be indicative of landfill derived impacts, but a difference in water quality at depth.

5. Based on a review of the 2023 residential supply well geochemical data, no landfill-derived impact to
groundwater quality are interpreted at these locations.

6. The inferred chloride concentration contours suggest that the landfill-derived impacts are contained to within
an approximate distance of 200 m to the north of the fill area and are attenuated with depth in the direction
of groundwater flow, with impacts deepening as the plume migrates in a downgradient direction.  However,
the inferred chloride contours suggest that landfill-derived impacts are not contained within the CAZ boundary
to the west of the fill area, as quantified by well nests OW-15 and OW-16.

7. Groundwater quality at the Site is generally stable over time at all monitoring locations, including residential
water wells downgradient of the Site.  The data indicate an increasing trend in concentrations of landfill
indicator parameters in OW-3A and to a lesser degree OW-1.

8. Three health and several non-health related parameters exceeded the calculated Guideline B-7 maximum
concentration.  Health related parameter exceedances include barium, nitrate and nitrite, and non-health
related parameter exceedances include as well as alkalinity, chloride, DOC, sodium, sulphate and TDS.  DOC
and sulphate are interpreted to be inappropriate landfill indicator parameters for this Site, due to the high
DOC background concentration and variability in the naturally occurring sulphate concentrations.  The
exceedances in wells OW-1, OW-3A, OW-14A, OW-18 and well nests OW-13, OW-15 and OW-16; however, are
interpreted to be indicative of a landfill-derived impact to groundwater quality.  No landfill derived impacts to
groundwater quality were noted in CAZ boundary well nest OW-12 and OW-17, along the northwest and north
boundaries, respectively.

9. The Site remains currently out of compliance with respect to Guideline B-7, as compliance was not achieved at
the western CAZ extension.  Exceedances noted in 2023 in the recently installed well nests OW-15 and OW-16
indicate a Site-derived impact to groundwater quality.  However, such impacts could be the result of drilling
effects, therefore further sampling in 2024 may put the Site into compliance with respect to Guideline B-7.
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10. The Site ceased excepting waste as of 1 June 2023, at which time the Site is continuing to operate as a waste
transfer station.  The closure of the Site is anticipated to have a measurable improvement to groundwater
quality in the immediate vicinity of the fill area upon completion of closure activities.
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7 RECOMMENDATIONS
The following recommendations should be considered for inclusion in next year’s monitoring program:

1. The Municipality should continue with groundwater monitoring in accordance with the September 2023 ECA,
so that variations for certain parameters could be documented and understood.

2. Groundwater elevations at all existing monitoring wells should continue to be measured during the annual
groundwater sampling event to confirm groundwater flow directions following the inclusion of the recently
installed monitoring wells.

3. The recently installed monitoring wells within the additional CAZ should continue to be sampled during the
next planned sampling event and be included in the annual monitoring program.
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8 CLOSURE
This report has been prepared for the exclusive use of the Municipality for specific application to this Site. The
annual monitoring report was prepared in accordance with the verbal and written requests from the Municipality
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 E&I Canada Limited

Mikayla Bechard, B.Sc.
Environmental Scientist

Dominique Gagnon, B.Sc.
Environmental Scientist

Dirk Scheurlen, C.Tech
Senior Technical Consultant

Larry Rodricks, P.Eng.
Senior Associate Engineer
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