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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 Mindemoya 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 408 Elliot Road, northeast of Mindemoya, Ontario, east of the intersection of Hill Road and
Elliot Road, as presented on Figure 1.  The legal description of the Site is part Lot 27, Concession 2, Township of
Carnarvon, Registered Plan No. 22, District of Manitoulin.  The Universal Transverse Mercator (UTM) coordinates
of the Site are 411220 Easting and 5067030 Northing, Zone 17, relative to the North American Datum (NAD) 83
(collected via handheld Global Positioning System (GPS), accuracy +/- 5 metres (m)).  A Site plan including all
monitoring locations, is presented on Figure 2.

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



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

WSP
February 2, 2024

Page 2

1.3 DESCRIPTION AND DEVELOPMENT OF THE SITE

The Site was formerly operated under Provisional Certificate of Approval (C of A) No. A550701, issued 18 March
1980, which was replaced on 10 January 2019 with an amended Environmental Compliance Approval (ECA),
provided in Appendix A.  The Site is reported to have been in use, as a waste disposal site, prior to 1980 (Cambium
Inc. (Cambium), 2013).  Historically, the Site accepted domestic and commercial wastes; however, in the years
nearing the Site closure in 2016, waste received at the Site consisted of only domestic waste originating from
curbside pickup operations within the Municipality and the Site was not open for public drop-off. (Cambium,
2013).  The ECA indicates an approved waste disposal area of 0.81 hectares (ha), but it does not specify a total Site
area or a maximum approved capacity.  The Site stopped accepting waste in June 2016 and has been graded to the
final waste contours, although no final cover has been applied.

1.3.1 SITE CAPACITY

No topographical survey was undertaken in 2023, as no waste was deposited at the Site since the previous survey,
completed 13 October 2017.  A total volume of existing waste of approximately 37,720 cubic metres (m3) was
measured during the 2017 survey, including both waste and interim cover material.

Although no maximum allowable capacity is stated in the Site’s ECA, a theoretical maximum capacity of 36,050 m3

was previously calculated by Cambium, based on MECP approved design requirements.  Based on this theoretical
capacity, the Site was marginally over capacity upon closure; however, if the slopes of the fill area can be graded
appropriately (i.e., per MECP landfill standards) during capping, no removal of material is necessary.  It is
anticipated that the Site will be capped in 2024.

1.4 MONITORING AND REPORTING PROGRAM 

OBJECTIVES AND REQUIREMENTS

Historical Site investigations completed by others resulted in the instrumentation of the Site with four multi-level
monitoring well nests, each comprised of a deep and shallow installation.  Monitoring of these eight historical
monitoring wells was initiated in 2014. Although the monitoring wells were installed prior to 2014, an annual
sampling program was not historically undertaken at the Site.

Four additional well nests were advanced as part of separate study undertaken by Wood Environment &
Infrastructure Solutions (Wood, WSP’s predecessor) on behalf of the Municipality.  These additional well nests
comprise multilevel installations of two or three wells per nest for a total of nine wells.  The program for which the
new wells were installed was intended to determine an appropriate contaminant attenuation zone (CAZ) for the
Site and was submitted to the MECP by 31 March 2020, per a condition of the amended ECA.  The new wells were
incorporated into the annual monitoring program beginning in 2020.  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.
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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 assess the water quality conditions at the Site, given the context of our
contract, with respect to existing environmental regulations within the applicable jurisdiction.

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 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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2.0 PHYSICAL SETTING

2.1 GEOLOGY AND HYDROGEOLOGY

The bedrock underlying the Site area is described as dolostone of the paleozoic age of the Lockport Formation
(lateral equivalent to the top of the Amabel Formation); as illustrated on Manitoulin Island Geological Compilation
Map 351A from the Ontario Geological Survey (OGS, 1937).  Manitoulin Island is formed of glacially-abraded
dolomite and limestone bedrock pavement, widely exposed across a significant portion of the island.  Pavement is
defined as “a roughly horizontal exposure of limestone (or dolostone) bedrock, the surface of which is
approximately parallel to its bedding and is divided into a geometrical pattern of blocks by the intersections of
widened fissures" (Paterson and Chambers, 1982).  Most soil deposits were stripped away during the Wisconsin
period glaciation, resulting in minimal surficial deposits. Soils on the island are mainly of glacial origin and include
lacustrine and outwash clays, silts, as well as sands, and occasionally underlain by glacial till (Hoffman, Wicklund, &
Richards, December 1959).

Borehole logs detailing soil and groundwater conditions for the 2019 monitoring well installations are provided in
Appendix B.  It should be noted that the percussion drilling did not allow for core samples to be recovered during
the course of drilling in 2019, although surface deposits from coring did appear fairly uniform.  Soils at the Site are
thin, with exposed bedrock in some areas.  No borehole logs for the historical monitoring well network are
available.  Water well records for locations within one kilometre (km) of the Site indicate that most wells are
installed at depths of between 35 m and 45 m below ground surface and are installed in limestone bedrock.  These
well records also indicate that overburden consists of generally between 1 m and 6 m of clay, loam, fine sand or
stony overburden (Cambium, 2013).

Static water levels were recorded by WSP in each of the wells during the October/November 2023 groundwater
monitoring event.  Appendix C presents the groundwater elevations measured during the 2023 groundwater
monitoring event.  Figures 3A and 3B present the inferred groundwater elevation contours and groundwater flow
directions for the shallow and deep aquifers, respectively, for the 2023 monitoring event.  Groundwater flow is
inferred to be radial in the immediate vicinity of the landfill, with the overall primary groundwater flow path to the
northwest, comprised of components of flow towards the north and west.  Both the shallow and deep aquifers
appear to be topographically controlled and follow a similar flow path.  The radial flow is interpreted to be due to
topographic influence of the landfill mound, which is above the surrounding grade, whereas the overall
groundwater flow path is interpreted to be towards Mindemoya Lake, situated approximately 2.1 km to the west
of the Site.
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3.0 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

Well Nest MW-E 412004 5067059

Handheld
GPS

+/- 5 m
Trained

WSP field
crew

14 October
2014

Well Nest MW-N 411925 5067103

Well Nest MW-S 411927 5067013

Well Nest MW-W 411828 5067057

Well Nest MW19-01 412038 5067008

13 August
2019

Well Nest MW19-02 411815 5067085

Well Nest MW19-03 411814 5067111

Well Nest MW19-04 411887 5067116

Table 2 presents a summary of the installation depths and respective on-Site positions of the groundwater
monitoring wells.  Background groundwater quality at the Site was previously assessed by well nest MW-S, which
was considered to be situated hydraulically upgradient (i.e., south) of the landfill; however, progressive filling at
the Site resulted in leachate mounding over time and localized radial groundwater flow from the waste deposits.
Increasing concentrations of landfill indicator parameters were subsequently observed in the MW-S well nest
during recent years and it was determined that the MW-S well nest was no longer hydraulically upgradient of the
fill area and not representative of background groundwater conditions.  Well nest MW19-01 was installed as a
replacement background well nest, at a proximity further from the fill area and upgradient (i.e., southeast) of any
potential Site-derived impacts to groundwater quality, allowing a detailed evaluation of the Site to be undertaken
with respect to MECP Guideline B-7.

Well nest MW-E is situated immediately east of the fill area and is considered a downgradient monitor, given its
proximity to the waste deposits and the localized radial groundwater flow from the fill pile.  All remaining
monitoring well nests are situated at varying distances downgradient of the fill area to the north, west and
northwest and are used to assess the performance of the natural attenuation process at the Site.  Recently
installed well nests MW19-02, MW19-03 and MW19-04 are located the furthest downgradient, at the proposed
CAZ boundary limits, and have been considered compliance wells for the purpose of this report, pending approval
of the proposed CAZ by the MECP.
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Repairs were made to the historical installations in August 2021, at which time the risers at well nest MW-N were
repaired and the protective casing reinstalled following previously documented damage at ground surface.  As a
preventative measure, the protective casings on the remaining three historical well nests were reinstalled to
ensure stability. During the October/November 2023 groundwater monitoring event, well nest MW-W was found
in poor condition with damage to the protective casings. Repairs to this well nest should be made in 2024.

Table 2:  Groundwater Monitoring Well Construction Details

Well ID Condition Total Depth (mbtop)1 On-Site Position

MW-NS Good 8.11 Downgradient shallow

MW-ND Good 11.75 Downgradient deep

MW-ES Good 6.45 Downgradient shallow

MW-ED Good 10.05 Downgradient deep

MW-SS Good 7.42 Downgradient shallow

MW-SD Good 11.75 Downgradient deep

MW-WS Poor 7.54 Downgradient shallow

MW-WD Poor 11.94 Downgradient deep

MW19-01S Good 7.91 Upgradient shallow

MW19-01D Good 13.17 Upgradient deep

MW19-02S Good 7.91 Downgradient shallow

MW19-02D Good 13.26 Downgradient deep

MW19-03A Good 6.44 Downgradient shallow

MW19-03B Good 7.43 Downgradient moderate

MW19-03D Good 13.18 Downgradient deep

MW19-04S Good 7.80 Downgradient deep

MW19-04D Good 13.07 Downgradient shallow

Notes:

1) mbtop indicates m below top of pipe.

3.2 MONITORING FREQUENCY

Groundwater was sampled by WSP annually, during the fall.  The annual monitoring event occurred between 30
October 2023 and 1 November 2023.

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 and dissolved solids.  All
field equipment was maintained, calibrated, and decontaminated appropriately prior to each use.
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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 metals and dissolved organic carbon analysis were field-filtered using a single use 0.45�Pm
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 a
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 Quality Standards (ODWQS).

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

As a minimum, for every ten groundwater samples collected, one field duplicate sample was collected and
included in the laboratory submission for analysis.  Two field duplicate samples were collected during the annual
monitoring event. 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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4.0 MONITORING RESULTS

4.1 HISTORICAL DATA

Historical and current groundwater data are provided in Appendix E and are presented on a well by well basis.

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 their respective duplicates
are within acceptable limits.

As a quality control measure, groundwater duplicate samples were collected during the annual sampling event.  All
duplicate data are provided in Appendix D and summarized in Appendix E.  The groundwater duplicate samples
were collected from MW19-01S and MW19-03B and are identified as MIND-DUP1 and MIND-DUP2, 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 of less than 50%, with the
exception of total phosphorus and copper in MIND-DUP1.  These values are not interpreted to be indicative of 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 across the Site
towards the northwest, with components of flow towards the north and west.  Static groundwater levels are
presented in Appendix C; inferred groundwater flow directions for the 2023 groundwater monitoring event are
illustrated on Figures 3A and 3B.

In addition to the current groundwater elevation data, previous groundwater elevations were reviewed in order to
identify trends or inconsistencies in the data.  Overall, the approximate groundwater elevations reported during
2023 are consistent with those recorded during previous monitoring programs (Appendix C).

4.4 GROUNDWATER QUALITY MONITORING

Samples were collected from all of the 17 groundwater monitoring wells during the fall 2023 monitoring event.
The obstruction in MW19-03A was removed and the well was successfully sampled in 2023.  Data summary tables
are provided in Appendix E.  A photographic inventory of the monitoring wells is provided in Appendix F.  The
condition of each monitoring well was assessed during the 2023 monitoring event, with one noticeable
requirement for maintenance or repair.  The well nest protective casing at MW-W, was noticed to be leaning at



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

WSP
February 2, 2024

Page 9

approximately a 45-degree angle prior to sampling efforts during the 2023 event.  Well nest MW-W should be
repaired by an MECP licenced well contractor in 2024 to facilitate future sampling efforts at this well nest.

4.4.1 BACKGROUND WATER QUALITY

Background water quality in upgradient monitoring well nest MW19-01 is generally characterized by low
concentrations of chloride and metals parameters, when compared to the ODWQS.  While water quality is
generally similar in the shallow and deep installations, concentrations of alkalinity, DOC, TDS, iron and manganese
are elevated in MW19-01S, in comparison to MW19-01D.  Three ODWQS exceedances were quantified at the well
nest during the 2023 monitoring event, namely iron and manganese, in MW19-01S, and iron in MW19-01D, as
indicated by a bold entry in the associated data summary table provided in Appendix E.  Detectable concentrations
of toluene were quantified in both wells during a recent monitoring event (2021), at levels below the ODWQS,
however, toluene and the other VOCs concentrations were all below the laboratory detection limits in 2022 and
2023.  These results are considered to be representative of Site-specific background water quality in the aquifers
intersected by the well screens.

4.4.2 NEARFIELD DOWNGRADIENT WATER QUALITY

Nearfield groundwater quality is characterized by the historical monitoring well network and includes monitoring
well nests MW-S, MW-E, MW-N and MW-W.  Groundwater quality in MW-S is generally characterized by similar
water quality in the shallow and deep installations and elevated concentrations of most parameters in comparison
to background wells MW19-01S and MW19-01D.  Multiple ODWQS exceedances were quantified at the well nest
during the 2023 monitoring event, including alkalinity, DOC, TDS, iron and manganese in MW-SS and alkalinity,
DOC, TDS and manganese in MW-SD, as indicated by a bold entry in the associated data summary table provided in
Appendix E.  A detectable concentration of toluene was quantified in MW-SD and MW-ED, at a level below the
ODWQS, in previous years, but was not detected during the 2023 monitoring event.  Groundwater quality in well
nest MW-E is characterized by slightly higher concentrations of landfill indicator parameters in MW-ED than in
MW-ES, with both wells exhibiting water quality similar to background.  Multiple ODWQS exceedances were
quantified at MW-ED during the 2023 monitoring event, including alkalinity, TDS, iron, and manganese, as
indicated by a bold entry in the associated data summary table provided in Appendix E.

Well nests MW-N and MW-W are considered nearfield monitors but are situated further downgradient from the
fill area than MW-S and MW-E and in the direction of overall groundwater flow.  Groundwater quality in well nest
MW-N is generally characterized by concentrations of landfill indicator parameters similar to background, with
similar water quality quantified in the shallow and deep installations.  One ODWQS exceedance was quantified at
the MW-N well nest during the 2023 monitoring event, namely manganese, in MW-ND, as indicated by a bold
entry in the associated data summary table provided in Appendix E.  At well nest MW-W, an impact to water
quality is apparent historically in both the shallow and deep wells, with higher concentrations of indicator
parameters quantified in MW-WS, as compared to MW-WD.  However, during the 2023 monitoring event, higher
concentrations of indicator parameters were seen in MW-WD, as compared to MW-WS.

Given the similarity of the water quality characteristics quantified in shallow and deep installations at the four
historical well nests, and the installation of the nested wells within the same borehole at each historical well nest,
it is possible that the integrity of the hydraulic seals at these nested locations may be compromised.  Groundwater
may be infiltrating from the shallow aquifer to the screened layer in the deep well installation due to an
inadequate annular well seal.

4.4.3 FARFIELD DOWNGRADIENT WATER QUALITY

Farfield groundwater quality is characterized by recently installed well nests MW19-02, MW19-03 and MW19-04,
which are considered representative of the downgradient property boundaries for the purpose of this report.  It is
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noted that all three well nests are downgradient of the current property boundary and are situated at the
proposed CAZ, which is pending approval by the MECP.

Groundwater quality in well nest MW19-02, situated to the northwest of the fill area and east of the proposed
CAZ, is generally characterized by concentrations of most leachate parameters at levels generally similar to
background in both the shallow and deep monitoring wells.  There is a slight variation in water quality between the
shallow and deep aquifers at this well nest, but, despite the minor differences in water quality characteristics,
neither well is interpreted to indicate a measurable impact to water quality.  One ODWQS exceedance was
quantified at MW19-02D during the 2023 monitoring event, namely manganese, as indicated by a bold entry in the
associated data summary table provided in Appendix E.

Well nest MW19-03, situated in the northwest corner of the proposed CAZ and comprises three wells, MW19-03A,
MW19-03B and MW19-03D, which monitor groundwater at shallow, moderate and deep installation depths,
respectively.  Groundwater quality in MW19-03A and MW19-03B indicates concentrations of landfill indicator
parameters at levels similar to background.  A detectable concentration of toluene was quantified in MW19-03B in
2021, at a level below the ODWQS, however during 2022 and 2023, the levels of toluene were reported at
concentrations below the laboratory detection limit.  A slightly different water quality is apparent in MW19-03D,
as compared to the shallower installations at this location.  Select parameters, including chloride, TDS, sulphate,
barium, boron, magnesium, and potassium were quantified at elevated concentrations in MW19-03D, in
comparison to background water quality; however, it is not evident that potential groundwater impacts are
occurring at this location and installation depth.  No ODWQS exceedances were quantified at well nest MW19-03
during the 2023 monitoring event.

Water quality in well nest MW19-04, situated at the north boundary of the proposed CAZ, is generally
characterized by concentrations of indicator parameters at levels similar to background in MW19-04S and
marginally elevated concentrations of select parameters in MW19-04D.  A detectable concentration of toluene
was quantified in MW19-04S during 2021, at a level below the ODWQS, however during 2022 and 2023, the levels
of toluene were reported at concentrations below the laboratory detection limit.  The marginally elevated
parameter concentrations in MW19-04D are not interpreted to indicate a significant impact to groundwater
quality.  No ODWQS exceedances were quantified at well nest MW19-04 during the 2023 monitoring event.

4.4.4 GROUNDWATER FIELD PARAMETER MEASUREMENTS

Field parameters were measured at all monitoring wells at the time of sampling and are presented in Table 3.
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Table 3 : Fall 2023 Groundwater Field Parameter Measurements

Well ID Temperature (oC) pH
Conductivity

(uS/cm)
Dissolved Solids

(mg/L)

MW-SD 6.8 7.27 2077 1039

MW-SS 6.0 7.2 2142 1071

MW-ES 6.2 7.56 554 277

MW-ED 7.4 7.55 1307 654

MW-NS 6.3 8.98 603 302

MW-ND 7.7 8.23 700 350

MW-WS 9.2 7.64 739 370

MW-WD 6.9 7.81 986 493

MW19-01S 8.6 7.16 553 277

MW19-01D 4.1 8.09 540 270

MW19-02S 8.5 7.23 658 329

MW19-02D 7.9 7.86 575 288

MW19-03A 7.7 7.06 611 306

MW19-03B 7.1 7.17 630 315

MW19-03D 4.1 7.62 641 321

MW19-04S 6.7 7.54 615 308

MW19-04D 4.0 7.95 623 312
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5.0 ASSESSMENT, INTERPRETATION 

AND DISCUSSION

5.1 GROUNDWATER CHEMISTRY ANALYSIS

The groundwater major ion chemistry analyses for the 2023 monitoring event are presented in a Tri-Linear Piper
Plot on Figure 4.  A table depicting the calculations used to quantify the geochemical data is presented in Appendix
G.  The Piper diagram plots the major ions as percentages of milli-equivalents (meq) in two base triangles.  The
total cations and the total anions are set equal to 100% and the data points in the two triangles are projected onto
an adjacent grid.

The positions of the monitoring wells on the Piper Plot indicate generally similar water quality across the Site, with
the exception of the MW-S well nest, which indicates an impact to water quality in both the shallow and deep
installations, as displayed by a shift away from the interpreted background water quality on the Piper diagram.
Remaining shallow monitoring wells illustrate an almost identical water quality, given their common placement on
the diagram.

Deep well installations at the historical well nests are placed on the diagram in the same grouping as the shallow
installations, which indicates further evidence that the hydraulic seals in the historical monitoring well network
may have become compromised.  The two deep downgradient wells indicate the same water chemistry at the west
and northwest boundaries of the proposed CAZ.

5.2 GROUNDWATER TREND ANALYSIS

The current and previous groundwater elevation and water quality data were reviewed with the objective of
identifying apparent trends or inconsistencies in the monitoring record.  With respect to the groundwater
elevations, the available data indicate relatively stable elevations at the historical monitoring wells over time
(Appendix H).  Groundwater elevations recorded in recently installed monitoring wells during the September 2019
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.  All wells reported high groundwater elevations
during the November 2019 monitoring event; these elevations are interpreted to be accurate and indicative of a
high seasonal water table at the time of the event.

A series of time-concentration graphs were developed for several select typical groundwater landfill indicator
parameters (including arsenic, barium, boron, chloride, DOC and TDS) for historical monitoring wells from 2014 to
2023.  It is noted that the results for the recent installations, with the exception of MW19-01S, for the initial
monitoring event in September 2019 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 event.  As indicated above, this is likely the result of drilling effects, resolved following further well
purging.  These time-concentration graphs are presented in Appendix H.

The available data generally indicate stable concentrations of landfill indicator parameters throughout the
monitoring record at most of the groundwater monitoring locations (Appendix H).  All monitoring locations show
stable concentrations of arsenic over time, with the exception of MW-ED, where concentrations of arsenic are
elevated in comparison to the remainder of the monitoring network but indicate a decreasing trend over time.  A
similar trend is apparent at MW-ED for barium, however, an increase can be seen for the 2023 groundwater
monitoring event.  Concentrations of barium, boron, chloride, DOC and TDS are elevated in MW-SS and MW-SD as
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compared to the remaining historical monitoring wells. Increasing trends are also noted at these wells for boron.
Concentrations of all tested parameters at the MW-N, MW-W, MW19-02, MW19-03 and MW19-04 well nests are
low (in comparison to background) and stable over time.  Once the landfill is capped, the rate of leachate release
from the waste pile should decrease; it is therefore expected that the concentrations of indicator parameters in
downgradient wells will decrease over time.

5.3 GUIDELINE B-7

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 referred to now as Guideline B-7.
Simply stated, Guideline B-7 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
Mindemoya Waste Disposal Site, the highest end use for groundwater on the adjacent properties is for drinking
water purposes, for which the ODWQS - Table 1 through Table 4 have been established.  The purpose of the
ODWQS 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).  As such, operational guidelines have
been established within the ODWQS 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 ODWQS parameter from well nest MW19-01 is calculated, and the resultant values are factored in along
with the ODWQS, to complete a Guideline B-7 analysis for all of the on-Site groundwater monitoring wells for
various landfill indicator parameters.  Appendix I presents the Guideline B-7 calculations for the fall 2023
monitoring results that have been developed using valid background analytical data observed in MW19-01S and
MW19-01D.  As discussed above, the results of the initial sampling event conducted in September 2019 do not
appear to be representative for MW19-01D.  As these results are not considered valid, that data set has not been
included in the background geometric mean calculations for the deep aquifer.

It should be noted that these Guideline B-7 values are much lower (i.e., more stringent) than the ODWQS, and a
well-by-well comparison of the performance of each of the parameters at all of the downgradient property
boundary monitoring wells is also presented in Appendix I for the 2023 monitoring event.  Comparing
concentrations observed in the monitoring wells during the 2023 sampling event to the maximum allowable
concentrations, no exceedances were noted.

The guideline B-7 calculations are provided in Appendix I.  Confirmation of these interpretations through

additional, regularly scheduled sampling in 2024 is recommended.
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5.4 ADEQUACY OF THE MONITORING PROGRAM

It is WSP’s opinion that the current groundwater monitoring program is adequate with respect to the
characterization of Site conditions, the evaluation of Site performance and the assessment of Site compliance,
particularly given that the Site is now closed.  The Monitoring and Screening Checklist is provided in Appendix J.
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6.0 CONCLUSIONS
Based on the results of the current (2023) monitoring program, the following conclusions have been made:

1. The Site is no longer receiving waste and is marginally over capacity based on the theoretical capacity

calculated previously by Cambium.  If the side and top slopes of the fill area can be graded according to MECP

landfill standards prior to site closure, removal of material can be avoided.

2. Groundwater movement at the Site was determined by static groundwater level measurements recorded at

each of the monitoring wells as being radial in the immediate vicinity of the landfill, with the overall primary

groundwater flow path to the northwest, comprised of components of flow towards the north and west.

3. A measurable impact to groundwater quality is noted in nearfield downgradient well nest MW-S, which

quantifies elevated concentrations of landfill indicator parameters such as alkalinity, DOC and TDS, in

comparison to upgradient background monitoring well nest MW19-01.  No significant impact to groundwater

quality is inferred in farfield downgradient monitoring wells.

4. Three distinct water types are apparent at the Site, with most monitoring wells, including background wells,

sharing a similar water chemistry.  Well nest MW-S indicates an impacted water type, while deep

downgradient boundary wells indicate a water type different from both background and impacted locations,

possibly due to differences in bedrock composition at these depths and locations.

5. Increasing trends are apparent at the MW-S well nest for boron, while decreasing trends for some parameters

are noted at MW-ED.  Concentrations are stable over time at remaining historical monitoring wells.

6. There were no exceedances of Guideline B-7 in 2023.

7. Attenuation of leachate indicator parameters is noticeable with distance from the landfill, therefore, the Site is

continuing to operate as designed, as a natural attenuation type facility, with results reported during 2023

generally consistent with those quantified during previous monitoring programs.
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7.0 RECOMMENDATIONS
The following recommendations should be considered for inclusion in next year’s monitoring program:

�x The Municipality should continue with the current frequency of groundwater monitoring, so that variations for

certain parameters could be documented and understood.

�x Groundwater elevations at all existing monitoring wells should continue to be measured during the annual

groundwater sampling round to further confirm groundwater flow directions.

�x The Site should be capped, as the addition of low permeability final cover material will significantly reduce

infiltration and subsequently reduce leachate generation at the Site.  A measurable improvement in

groundwater quality in the immediate vicinity of the Site is expected following final capping.

�x It is possible that the integrity of the hydraulic seals in nearfield monitoring well nests MW-S, MW-E, MW-N

and MW-W may be compromised.  It is recommended that an assessment through hydraulic testing be

conducted at these monitoring wells to verify integrity of the seals and to determine if replacement of these

wells would be warranted.

�x Monitoring well nest MW-W, which was reported to be damaged during the 2023 monitoring period, should

be repaired or abandoned in accordance with O.Reg. 903.  A replacement should be installed if the well cannot

be repaired.
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8.0 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

Dirk Scheurlen, C.Tech
Senior Technical Consultant

Larry Rodricks, P.Eng.
Senior Associate Engineer
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