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Statement of Qualifications and Limitations

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

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

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

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

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

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

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

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

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

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

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

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

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

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

AECOM: 2015-04-13
© 2009-2015 AECOM Canada Ltd. All Rights Reserved.
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Executive Summary

City of Guelph
2018 Annual Report
Closed Eastview Road Landfill Site

The following table presents a summary of the 2018 Annual Report for the Closed Eastview Road Landfill Site. The
landfill is operated under two Certificates of Approval/Environmental Compliance Approval (C of A/ECA):

a)

b)

Amended Environmental Compliance Approval (ECA) for a Waste Disposal Site No. A170101

under the Environmental Protection Act for the general landfill operation (amended on May 12,
2012 for Post Closure operations and monitoring, as well more recently amended on February 21,
2013 to allow the front gate to be relocated, as revised in Table A). A further amendment was
received on October 3, 2017 removing borehole location 10 from the monitoring location.

the leachate collection system.

Certificate of Approval (Sewage) No. 3-0048-90-006 under the Ontario Water Resources Act for

Each C of A/ECA specifies annual reporting requirements. These have been outlined in the left-hand column
below, while the right-hand column provide a summary of the 2018 findings as well as a reference to the section of
this report where the reader will find further details. In 2018, the closed Eastview landfill was operated in
accordance with the current ECAs for the site.

A.

Amended Environmental Compliance Approval No. A170101 for the Waste Disposal Site

Surface Water, Stormwater, Groundwater and Landfill Gas Monitoring

ECA Reporting Requirement

5) A written report on the development, operation

and monitoring of the Site, shall be completed
annually (the “Annual Report®). The Annual
Report shall be submitted to the District
Manager, by April 30" of the year following the
period being reported upon.

Report Reference and Summary
This report is to fulfill Condition 5.

6)

The Annual Report shall include the following:

@

(b)

©

(d)

(e)

®

@)

(h)

The results and an interpretive analysis of
the results of all leachate, groundwater
surface water and landfill gas monitoring,
including an assessment of the need to
amend the monitoring programs;

An assessment of the operation and
performance of all engineered facilities, the
need to amend the design or operation of
the Site, and the adequacy of and need to
implement the contingency plans;

A summary of any complaints received
and the responses made;

A discussion of any operational problems
encountered at the Site and corrective
action taken;

A report on the status of all monitoring
wells and a statement as to compliance
with Ontario Regulation 903;

Changes to the gas collection system and
an analysis of the results from the changes;

An assessment of the need to continue
the operation of the PLCCS, or
recommendations regarding any
modifications to the PLCCS;

Assessment of the performance of
PLCCS in maintaining the water levels in
the outwash beneath the waste at the

Leachate quality in the waste and the outwash below the waste is similar to previous
years (Section 4.3).

Shallow groundwater quality remains similar to previous years. As the PLCCS continues
to operate as designed preventing off-site leachate migration, no new exceedances of
Reasonable Use are predicted in the shallow groundwater (Section 4.4).

Lower till groundwater quality is similar to previous years and shows no indication of
leachate effects. (Section 4.5.2.2).

Bedrock groundwater quality is similar to previous years and shows no indication of
leachate impacts. Reasonable Use is not currently exceeded, nor is it predicted to be
exceeded in the future. Further assessment of water quality results from replacement
Location 37R and former Location 37 was completed in the current hydrogeological
assessment. The conclusions of this assessment were that although the former location
37 had a strong increasing trend in chloride, the alkalinity (which is also highly elevated
in leachate) was decreasing. A similar relationship was also noted at Location 50.
Therefore, this observed trend is inconsistent with a leachate source. Further, at the
replacement location (37R), the chloride was found to be significantly lower than 37-I
with alkalinity higher, with no apparent trends since they were installed. Water quality
results from Location 96, indicates that deep monitor (96-1) appears to have a similar
water quality to the former monitor 92-1 (low chloride), which it replaced. However, the
new shallow monitor in the upper bedrock (92-11) is exhibiting elevated chloride, although
significantly lower than at former 37-1, as well. Although chloride concentrations are
elevated, it had shown a decreasing trend since it was installed up to 2015. Since this
time, concentrations have shown some variability, with no observable
increasing/decreasing trend.  Further data is required to assess the water quality at
these locations (Section 4.5).

All monitoring wells on site are maintained through proper capping and protection from
damage. Also, the overall condition of each monitoring well will be assessed in each
monitoring event so that any repairs or replacements of identified monitors that are
damaged or destroyed will be completed in the next monitoring round.

RPT_2019-04-24_Finaleastview 2018 Report_60598827.Docx



AECOM

City of Guelph
2018 Annual Report
Closed Eastview Road Landfill Site

Surface Water, Stormwater, Groundwater and Landfill Gas Monitoring

ECA Reporting Requirement |

lowest levels to confirm that it is effective
in controlling and collecting leachate from
the outwash beneath the landfill;

(i) Assessment that the target levels of
contaminants are being met. If this is not
being met further assessment with
respect to boron shall be completed; .

()) Assessment of shallow bedrock
groundwater elevation trends to
determine if any changes are occurring;

(k) Assessment of hydraulic gradients
between the water levels in the outwash
beneath the waste and the shallow
bedrock to determine if they are within
the historical ranges and/or not changing
significantly due to a potential lowering of
the shallow bedrock water levels (outside
seasonal changes);

() Assessment of monitoring locations that
did not meet the target levels with respect
to the current boron concentrations
observed at the individual locations of .
concern; and .

(m) Any other information with respect to the |,
Site which the Regional Director may
require from time to time.

Report Reference and Summary

Surface water sampling continues to indicate no adverse effects on downstream quality.
(Section 5.4).

There is no evidence of gas migration off-site. (Section. 6.0).
There were no operational changes recommended for 2019.
There were no recorded complaints in 2018 (Section 2.4).

The PLCCS is operating as designed and collects leachate effectively. The system
creates an inward hydraulic gradient preventing off-site leachate migration. There is no
need to implement any additional leachate control measures at this time (Sections 3.4,
3.5, 3.6, 3.7).

Based on the assessment of target elevations at individual locations, and the overall
assessment for the site, future Reasonable Use exceedances in the bedrock aquifer are
not predicted (Section 4.5.2).

Groundwater flow is generally similar to previous years however the bedrock
groundwater flow has been revised based on the current hydrogeological assessment,
although the bedrock groundwater flow still remains similar to historic interpretations
there is more flow coming into the site from the west along an interpreted incised
bedrock low. Assessment of vertical gradients towards the bedrock was slightly higher
than previous years related to the refined bedrock elevation surface. Vertical gradients
are, on average, very low and therefore, the estimated downward flow velocity is also
very slow, in the order of only a few centimetres per year. (Section 4.2)

There is no need to implement the contingency plans for groundwater — Section 4.7.
There is no need to implement the contingency plans for surface water — Section 5.5.

There is no need to implement the contingency plans for landfill gas migration off-site —
Section 6.5.

Leachate and Landfill Gas

C of A Reporting Requirement Report Reference and Summary

8.

(3) All data, interpretations and .
recommendations regarding this leachate .
characterization program and the impact
assessment on the Water Pollution Control
Plant with respect to both quantity and quality
of leachate shall be included in the annual
monitoring report.

(4) (c) The design of the site and any plans,
specifications and descriptions for the control
of landfill gas must ensure that the
subsurface migration of landfill gas meets the
following conditions:

(i) The concentration of methane gas °
below the surface of the land at the
boundary of the site must be less than
2.5 per cent by volume.

(i) The concentration of methane gas must|®

be less than 1.0 per cent by volume in

any on-site building or enclosed
structure, and in the area immediately
outside the foundation or basement
floor of the building or structure, if the
building or structure is accessible to
any person or contains electrical
equipment or a potential source of
ignition.

Condition 8 (4) (c) does not apply to a

leachate collection, storage or

treatment facility or landfill gas
collection or treatment facility for which

(iii)

See Section 3.1, 3.2, 3.3 and 3.4.1, associated Tables and Figures, Appendix B and C.
Quantity of leachate collected and discharged to the sanitary sewer in 2018 was
calculated at 120,573 m®. (Section 3.4).

The leachate quality from the Perimeter Leachate Collection System is similar to
previous years.

As leachate quality is similar to previous years, there is no significant impact on the
Waste Water Treatment Plant. (Section 3.2.1).

Methane gas was not detected at the southern boundary or at the western boundary of
the site (Section 6.3.3).

The former scale house (now site office), parks storage shed and the corporate building
maintenance shed contain methane detectors which activate when levels reach 20%
LEL. To date, there have been no alarms triggered in any on-site building.t. (Section
6.2.1).

Not applicable
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C of A Reporting Requirement Report Reference and Summary

specific health and safety measures
and procedures are in place relating to
the risk of asphyxiation and the risk of
explosion.
(iv) The concentration of methane gas from
the site must be less than 0.05 per cent
by volume in any off-site building or
enclosed structure, and in the area
immediately outside the foundation or
basement floor of the building or
structure, if the building or structure is
accessible to any person or contains
electrical equipment or a potential
source of ignition.

As no methane gas was detected, nor predicted, to be occurring at the property
boundary, no methane gas at 0.05% by volume in any off-site building related to the
landfill would be expected (Section 6.5) .

B.

C of A Reporting Requirement

6(a) A monthly summary and interpretation of
leachate flows at all pumping stations.

Certificate of Approval No. 3-0048-90-006 for the Leachate Collection System

Report Reference and Summary

Both the south and west systems collected similar volumes in 2018. Lower collection
rates are generally experienced in the dry summer months (Sections 3.2 and 3.4.1,
Tables and Charts in Appendix B).

6(b) A monthly summary and interpretation of
leachate levels in all manholes.

The PLCCS is operating as designed (Section 3.3 and 3.5 and associated Tables in
Appendix B).

6(c) An estimate of the annual volume of
leachate collected.

The total quantity of leachate collected in 2018 was Calculated at 120,573 m®. (Section
3.4).

6(d) An assessment of the efficiency of the system
with respect to the quantity of leachate
collected, control of groundwater levels
upgradient of the containment wall, and control
of leachate migration downgradient of the site.

The system has continued to function efficiently. The hydraulic gradients are
consistently inward across the sheet pile wall thus preventing off-site movement of
leachate into the shallow groundwater (Section 3.6).

6(e) An assessment of the need to implement the
contingency plan based on Condition 6(d).

There is no need to implement contingency measures (Section 3.8).

6(f) Any changes to the operation, procedures or
equipment associated with the system.

No changes in operation, procedure or equipment occurred in 2018 (Section 3.10).

6(g) Any operational problems encountered and
remedial measures taken.

No maintenance on the PLCCS was required in 2018. (Section 3.9).

6(h) Recommendations respecting any proposed
changes in the operation, procedures,
equipment or monitoring of the system.

No changes are recommended.
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1. Introduction

1.1 Background

The City of Guelph currently owns the Eastview Road Landfill Site located in the northeast corner of the city. The
landfill was in operation until October 2003 and is now closed. The landfill property is about 81 ha of which about
45 ha had been landfilled. The closed landfill is bound by Eastview Road to the south, Speedvale Avenue to the
north and Watson Road to the east (Figure 1).

In 2003, the City submitted the closure plan for the landfill site to the MECP (formerly MOECC). In 2005, the MECP
issued an amendment to the Provisional Certificate of Approval # A 170101 (C of A) for post closure of the Closed
Eastview Road Landfill Site.

Based on recommendations in response to MECP review comments on the 2007 and 2008 annual reports, the
laboratory chemistry results are provided in CD format attached along with an electronic copy of the Annual Report.
Also included in the report are:

= the northeast quadrant pumping volumes were added to the groundwater elevation trends for the deep
bedrock monitors (16-VIIl and 90-1) for comparison purposes;

= the measured water temperatures taken during groundwater sampling (Table A6, Appendix A); and

= An updated Table A1 (Monitor Construction Details) to include the replacement locations and new
locations as well as the former top of pipe elevations for monitoring wells 37-1 and 37-11 (Location 37
replaced in late 2011).

In 2011, the City applied for several amendments to the C of A (now called an Environmental Compliance Approval,
ECA), one of which was the reduction of monitoring as outlined in previous annual reports. This revised monitoring
program was accepted by the MECP but still needed to be incorporated into the ECA, through an amendment. As
there were several amendments to the ECA that would take time to review and incorporate before the final could be
issued, MECP Approvals Branch notified the City that the revised monitoring program could be implemented in the
summer of 2011. The revised monitoring program was then initiated for the site for the remainder of that year.

The amended ECA was issued to the City on May 12, 2012. All operations and monitoring completed in 2018 have
been in accordance with the amended ECA. An ECA amendment was submitted in late 2012 to allow for the
relocation of the Main Gate at the site. This amended ECA was issued on February 21, 2013. To facilitate the
reconstruction of Eastview Road an amendment was submitted in mid-2017 to decommission and then remove
borehole location 10 monitoring program at the site. This amendment was issued on October 3, 2017. All current
ECAs are provided in Appendix H.

On October 12, 2018 the MECP completed an inspection of the closed Eastview Landfill with City staff. There were
no issue with respect the landfill and current closed operations based on the inspection carried out. This inspection

report is provided in Appendix H.

All monitoring at the landfill is conducted by a qualified Environmental Technician employed by the City of Guelph
under the direction of AECOM.
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1.2 Objectives

As part of the requirements under Condition 5 of the current ECA, an Annual Report on the monitoring undertaken
at the landfill must be submitted to the MECP no later than April 30 of the following year.

The objective of this Annual Report is to satisfy all the requirements set forth in Condition 6 and 8 in the ECA as
well as Section 6 of the Perimeter Leachate Collection and Containment System (PLCCS) ECA, specifically on all
aspects of operations and environmental monitoring at the landfill.

1.3 Scope and Organization of this Report

The Annual Report is organized to be comparable with the actual requirements set forth in the ECA/C of A. This
has provided a more concise and user-friendly reporting style which received a positive response from the MECP
during their review of the 1996 Annual Report, the first report in which the concept was initiated. The Executive
Summary, at the beginning of this report, is also structured so that each of the reporting requirements of the ECA/C
of A. are quoted, cross-referenced to the report and addressed in a summary statement.

Following this introductory section, the balance of the report is structured as follows:

Section 2........ Closed Landfill Operations

Section 3....... Leachate Management

Section 4....... Groundwater Monitoring

Section 5....... Surface Water Monitoring

Section 6....... Landfill Gas Monitoring

Section 7....... Conclusions and Recommendations

The Appendices at the back of the report provide much of the associated technical information.
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2. Closed Landfill Operations

2.1 Clean Fill Needs in 2018

No clean fill was brought into the site in 2018.

2.2 Operational Problems and Remedial Measures

No operational problems occurred at the site in 2018. No remedial measures were required in 2018. Maintenance
completed in 2018 was the grading of the landfill access/ site perimeter road and some fence repair along
Speedvale Avenue.

2.3 Additional Work Completed at the Site

On October 6, 2016, Dillon Consulting Limited (Dillon) was retained by the City of Guelph (the City) to conduct an
underground storage tank (UST) removal and subsequent soil sampling program. This Site was located near the
intersection of Eastview Road and Summit Ridge Drive in Guelph, Ontario. A report was prepared and forwarded to
the City on March 13, 2017, that documented the UST removal and the soil assessment. The excavation sampling
was completed following the Guidance on Sampling and Analytical Methods for Use at Contaminated Sites in
Ontario (MOE, 1996). This report is provided is provided in Appendix G.

As part of the excavation work, it was found that the results of the soil assessment suggest that Petroleum
Hydrocarbon (PHC) concentrations were present at the base of the tank excavation above the applicable Table 2
Standards for PHC F2 in one floor sample location (COG-101). Although TPHC F2 was detected in the floor
sample, at the time of the excavation:

= there was no light non-aqueous phase liquid observed;

= there were no PHC odours noted;

= soil vapour screening measurements were less than 15 ppm; and
= the tank appeared to be in good condition.

As this was the case, it was expected that the extent of PHC impacts appeared to be localized; although, further
delineation was not completed. The tank was located approximately 50 m north of the southwest property boundary
at the base of the drumlin (Till) high near the front entrance outside of the Perimeter Leachate Collection and
Containment System (PLCCS). Although this was case, it was concluded by Dillon that the PHCs in soil (and
groundwater, if affected) in the vicinity of the tank excavation were anticipated to remain on-site based on the
inward hydraulic gradient interpreted at the site as discussed in AECOM’s Annual Reports.

We concur with this conclusion as the overall interpretation in this area is that groundwater flow from the drumlin
(Till) high is into outwash beneath the site. As well, the PLCCS installed in the outwash creates an inward gradient
across a sheet pile wall, and also collected leachate affected groundwater from beneath landfill (Section 3).
Therefore, should any effects be occurring, it is expected that they would be directed into the outwash beneath the
landfill and ultimately collected by the PLCCS
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24 Gas Flare Operations

The Eastview Landfill gas enclosed flare has always been operated in such a way as to maintain a residence time
of not less than 0.75 sec at a temperature of not less than 871 degrees Celsius as required by the Air ECA dated
June 20, 2006 (attached in Appendix H). As required, it is continuously monitored to ensure the above parameters
are maintained during operations. The manufacturers recommend maintenance procedures have been followed at
all times. The enclosed flare was upgraded with approval from TSSA in 2013. All records with respect to the flare
are kept on file for a minimum of two (2) years from the date of their creation, including but not limited to the
operation of the equipment, and the monitoring and recording activities required by the ECA. All records are made
available to any Provincial Officer of the Ministry upon request.

There have been no issues or complaint with the operations of the flare to date.

2.5 Public Complaints and Responses

Public complaints are reported to landfill staff for investigation. Copies of complaint records are provided to
complainants, if desired, and kept on file at the landfill office. There were no recorded complaints in 2018.

2.6 Recommended/Approved Operational Changes

There are no operational changes recommended for 2019.
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3. Leachate Management

3.1 Leachate Quality and Impact on the Waste Water Treatment
Plant

3.1.1 Leachate Quality

Based on the amended Certificate of Approval # 3-0048-90-006 (C of A) dated February 15, 1996, sample
collection of leachate at the Eastview Road Landfill is required from the main pumping station only. Leachate
sampling and assessment are required under the C of A, Schedule A, and Condition 8.3. Leachate samples were
collected from the main pumping station in 2018. Leachate from the south and west pumping stations is pumped to
the main station and then pumped to the municipal sewer for treatment at the Guelph Wastewater Treatment Plant
(WWTP). The relative locations of the three-leachate pumping stations at the landfill are shown schematically in
Figure 2.

In 2018, the C of A quarterly sampling requirements for the main pumping station were:

a)  pH;

b) five-day carbonaceous biochemical oxygen demand (CBODs);
c) chemical oxygen demand (COD);

d) total Kjeldahl nitrogen (TKN);

e) phenols; and

f) iron.

Semi-annual samples were collected for the remaining Model Sewer Use by-law parameters listed in Table 1 of the
C of A, and for Municipal/Industrial Strategy for Abatement (MISA) parameters listed in Table 2 of the C of A.

3.2 Model Sewer Use By-Law Parameters

3.21 Main Pumping Station

The sampling results for the Model Sewer Use by-law parameters are presented in Table 1: Leachate Analytical
Data from the Main Pumping Station. The results show that all parameters were within the Model Sewer Use by-
law limits for every parameter on every sampling occasion. As well, the water quality results are generally similar to
those observed historically.

In past reports, the loading on the WWTP was calculated. These loadings, specifically for leachate CBODs and
TKN, were consistently within 1% of the corresponding WWTP influent loads, and thus considered insignificant.
The Manager of the City of Guelph WWTP had continually confirmed these loadings were not significant. Since the
water quality collected from the Main Pumping Station continues to be similar to that observed in the past, it is
expected that the loadings on the WWTP will continue to be insignificant. In the future, if there is any significant
change in the water quality collected (i.e., significant increases in concentrations observed), the loading calculation
will be completed to assess the potential affects.
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Table 1: Leachate Analytical Data from Main Pumping Station A=COM
Model 2018
Sewer Avg.
Sampling Dates 2018 Use By-Law Conc.
Parameter June August September December Limits (mg/L)
pH 7.34 - 7.45 7.1 5.5-9.5 7.3
CBOD5 6 - 8 4 300 6
COD 96 - 180 93 123
Oil & Grease (animal) 4.4 0.7 150 2.6
Oil &Grease (mineral) <0.5 <0.5 15 0.5
Suspended Solids 28 23 350 26
Total Phosphorus 0.13 0.12 10 0.125
TKN - 73 100 73
Phenols <0.002 - 0.0025 0.0018 1 0.0021
Chlorides 280 310 1500 295
Sulphate 35 27 1500 31
Aluminum 0.032 0.028 50 0.03
Iron 9.9 - 9.8 6.3 50 8.7
Fluoride 0.23 0.18 10 0.21
Antimony <0.0005 <0.0005 5 0.0005
Bismuth <0.001 <0.001 5 0.001
Boron 1.6 1.9 1.75
Chromium <0.005 <0.005 5 0.005
Cobalt 0.0018 0.0021 5 0.00195
Lead 0.00059 <0.0005 5 0.0005
Manganese 0.37 0.27 5 0.32
Molybdenum 0.00062 <0.0005 5 0.00056
Selenium <0.002 <0.002 5 0.002
Silver <0.0001 <0.0001 5 0.0001
Tin <0.001 <0.001 5 0.001
Titanium 0.0052 0.0072 5 0.0062
Vanadium 0.0013 0.0023 5 0.0018
Copper 0.01 0.0015 3 0.0058
Nickel 0.012 0.013 3 0.0125
Zinc 0.071 0.019 3 0.045
Cyanide <0.005 <0.005 2 0.005
Arsenic <0.001 0.0012 1 0.0011
Cadmium <0.0001 <0.0001 1 0.0001
Mercury <0.0001 <0.0001 0.1 0.0001

(Table 1_18.xIs - Table 1 /60598827 / 4/1/2019)
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3.2.2 Summary

A review of the analytical results of samples collected from the main pumping station for each event in 2018 shows
that all parameters were within the Model Sewer Use by-law limits. The leachate would not contribute a significant
CBODS5, TKN or hydraulic load to the WWTP.

3.3 MISA Priority Pollutants

Leachate samples were collected from the main pumping station for analysis of the MISA parameters listed in
Table 2 of the C of A. Samples were collected on June 12, 2018 and December 4, 2018. The analytical results are
provided in Table C5 in Appendix C.

The MISA parameters can be divided into two categories, the first being conventional and metals, and the second
being organics. All of the parameters in the first category were below Model Sewer Use by-law limits (where
applicable), and were detected at relatively low concentrations.

The results of the MISA analysis, are presented in Table C5: 2018 Semi-Annual MISA Priority Pollutants Analysis
from the Main Tank along with the corresponding method detection limits (MDL). Parameters in the second
category, the organics, were generally below the laboratory detection limits, except for the highlighted parameters
found in Table C5. As observed in the past, trace levels of the halogenated volatile organics (ATG 16)
chlorobenzene, cis-1,2-Dichloroethylene, non-halogenated volatile organics (ATG 17) benzene, ethylbenzene and
m-p-xylene, o-xylene, Base neutral extractables (ATG19) anthracene, naphthalene and bis(2-ethylhexyl)phthalate
were detected in 2018. Also, as observed on occasion in the past, trace levels of MCPA (ATG 21), palmitic acid
and stearic acid (ATG 26) were detected above detection limits.

As previously observed, low levels of Chlorinated Dibenzo-p-dioxins (ATG 24) continue to be detected. These
compounds would not be unexpected as they are commonly found in municipal leachate at very low
concentrations. However, to put these overall detections into perspective, the calculated toxicity equivalent based
on the octachlorodibenzo-p-dioxin concentrations detected, was 2.67 and 2.51 pg/L, respectively, whereas the
Ontario Drinking Water Standard is 15 pg/L.

34 Quantity of Leachate Collected

3.4.1 Annual Quantities

The volume of leachate collected is measured by a flow meter located in a chamber adjacent to the main pump
station. These reading are collated with actual weekly volumes and pump hours down loaded through a SCADA
system. Table B1 in Appendix B summarizes the monthly flow volumes and pump hours at the Main Pump Station
in 2018.

As shown in Table B1, in 2018 a total of 120,573 m3 of leachate was collected and discharged to the sanitary
sewer. Of the total, about 57,869 m3was collected by the south station and 62,704 m?® was collected by the west
station (Table B2). The annual volume of leachate collected since 1991 is summarized in Table 2. The 2018
volume collected is slightly lower than observed in 2017.

Section 3.7.1 compares leachate volumes collected in 2018 to leachate production rates calculated via the water
budget, to show that the PLCCS is effectively collecting leachate.
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Table 2: Quantity of Leachate Collected Annually

Quantity
(m?)
1991 94,199 2005 64,525
1992 143,095 2006 83,556
1993 126,667 2007 60,724
1994 162,604 2008 89,750
1995 185,761 2009 83,644
1996 156,010 2010 119,692
1997 126,192 2011 104,412
1998 105,575 2012 113,625
1999 94,863 2013 161,786
2000 109,913 2014 153,653
2001 119,813 2015 123,759
2002 99,899 2016 113,037
2003 94,989 2017 133,603
2004 91,426 2018 120,573

3.5 Monthly Leachate Flows in Pump Stations

A summary of estimated leachate flows from the South and West pump stations is shown in Table B2 of
Appendix B. Table B2 shows the following:

a) monthly pumping hours for each pump;

b)  monthly volume of leachate pumped from each pump station; and

c) the average pumping rate each month, measured in m3/hour of pump operation, for all pumps
combined.

Table B3 in Appendix B shows the average daily flow rate, on a monthly basis, from each of the three Pump
Stations. The average daily flow rate at the Main Pump Station was highest in April at 540.3 m3/day and lowest in
September at 178.6 m3/day. At the South Pump Station the average daily flow rate was highest in April and lowest
in September, with recorded rates of 253.2 m3/day and 90.2 m3/day, respectively. At the West Pump Station the
average daily flow rate ranged from 287.1 m3/day in April to 88.0 m3/day in October 2018. The average leachate
discharge rate from the site in 2018 was 331.1 m3/day. The highest rates are recorded in the spring and lowest in
the fall.

3.6 Monthly Leachate Levels in the Manholes

Leachate levels in the manholes were collected monthly to assess the performance of the PLCCS in maintaining
unimpeded flow towards the pump stations. Figure 3 is the leachate and groundwater monitoring site location
map, which shows the locations of the manholes and pumping stations.

The leachate levels measured in the collection system during 2018 are summarized in Tables B4 and B5
(Appendix B). These tables also include the collection pipe invert elevations and the top of sheet pile wall
elevations adjacent to each manhole. Hydrographs of leachate elevations from selected manholes in both the
south and west collection systems are illustrated in Figures 4 and 5.

Under normal operating conditions, the leachate levels measured in the collection system should be lowest at the
pump station. This is based on the design of the system, which has increasing invert elevations away from the
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pump stations. Therefore, higher elevations are expected with increasing distances away from the pump stations as
flow is induced through pumping. Below is a brief discussion on the measured leachate elevations in both the south
and west collection systems.

South Collection System

Leachate elevations along the southeast section of the south collection system during 2018 show an apparent
strong decrease from MH 1S towards the pump station (Figure 4a). This is based on the actual leachate
elevations in the manholes.

In the southwest section of the south collection system, leachate elevations were similar to the pump station
elevations (Figure 4b). As discussed in the past, only direct pumping of the PLCCS controls this section of the
collection system. The pipe inverts along this section are flat at an elevation of 339.5 mASL, which also
corresponds to the pump station invert. Therefore, it is expected that the leachate levels measured in this section
would be similar to the pump station levels.

The overall patterns of the leachate levels continue to indicate that the south collection system is working as
designed to collect and control leachate from beneath the landfill.

West Collection System

Leachate elevations in the west collection system exhibited a general decreasing trend from MH 2W to the pump
station and from MH 8W towards the pump station (Figure 5) up to September 2018. From October until the end of
the year, the levels in MH’s 6W and 7W were generally similar to MH 8W. This change in levels appears to be
related to an increase in the water levels at the pump station, possibly related to pump inefficiency. Landfill staff
were notified and maintenance is to be completed on the west pumps in the spring of 2019. Although there has
been a slight increase in the water levels in this section of the system, inward gradients were still maintained as
discussed in Section 3.7.3.

The overall patterns of the leachate levels continue to indicate that the west collection system is working as
designed to collect and control leachate from beneath the landfill.

3.7 Effectiveness of the Leachate Collection System

In the following discussion, the overall effectiveness of the leachate collection and containment system will be
evaluated based on:

a) assessing the overall leachate quantity collected through the use of the detailed water budget for
2018;

b)  confirming that leachate flows freely towards the collection system through the outwash below the
waste; and

c) confirming that the sheet pile wall is still effectively preventing off-site leachate migration as
indicated by water level differences.

3.7.1 Correlation of Predicted and Actual Leachate Quantities Collected
To provide a benchmark to assess the effectiveness of the PLCCS in the collection of leachate during 2018, a

detailed water budget was calculated (Table 3). This water budget is used to predict the approximate amount of
available surplus precipitation that could ultimately infiltrate through the landfill cover and waste and then be
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collected by the PLCCS. It should be noted that the calculations are for infiltration only and do not take into
consideration surface water runoff from the landfill, a portion of which could also be collected by the PLCCS.

Table 3: Water Balance Calculation for the Closed Eastview Road Landfill — 2018

Mean Temperature | Total Precipitation |Evapotranspiration| Surplus Water

(°C) (mm) (mm) (mm)
January -7.85 91.2 0 91.2
February -3.7 89.82 0 89.82
March -0.95 21.7 0 21.7
April 1.43 105.16 5.41 99.75
May 16.33 76 77 -1
June 19.17 68.25 93.25 -25
July 21.87 81.4 118.4 -37
August 21.81 83.75 94.75 -11
September 18.03 45.8 1.8 44
October 7.65 80.1 30.93 49.17
November 0.08 124.73 0.14 124.59
December -2.11 69.86 0 69.86
Total Year 937.8 421.7 516.1
Average Year* 914 513 401

Notes: Soil Moisture Storage Based on 100 mm. / Under Average Conditions for 2018.
* 20 year average (1994-2013) for Guelph Dam (revised from 1984-2003)

The detailed water budget determined that overall, 2018 was generally an average year in terms of total
precipitation (Appendix E). However, the calculated total yearly surplus precipitation was 516.1 mm (Table 3),
which is higher than the average of 401 mm. During an average year, surplus water is available to infiltrate during
the winter, spring and fall and there is a deficit of surplus due to high evapotranspiration at ground surface (average
surplus) during the late spring and summer. In 2018, this was generally the case in between May to August, only
when a negative surplus was calculated. Therefore, in 2018, the total surplus of water potentially available to
infiltrate was calculated at about 590.1 mm (sum of the months with positive surplus). This estimated 590.1 mm of
surplus would be more indicative of the total surplus that could be available for infiltration and ultimately collected
by the PLCCS, as there is not likely a significant actual loss of stored moisture from the landfill during deficit
periods. Using this 590.1 mm, the estimated surplus that could be available to infiltrate into the landfill was about
90,447 m3. The total quantity of leachate collected during 2018 was calculated at 120,573 m3. Therefore, using the
very conservative surplus, it appears that the PLCCS collected about 133% of the estimated volume that could
have infiltrated into the landfill.

This, once again, demonstrates that the PLCCS continues to be effective in collecting leachate from beneath the
landfill.

3.7.2 Leachate Elevations Beneath the Landfill with Respect to Target Elevations

Leachate flow beneath the landfill is strongly influenced by the PLCCS. This has been demonstrated by leachate
elevations measured at locations 1-IR, 51-Il, 52-I, 55-1 56-1, 57-1, 58-1 and 61-I as well as, to a lesser extent, at
locations 63-1, 66-1 and 67-I over the years (current levels shown on Figures 6 to 8). This was best demonstrated
in the past after the PLCCS was optimized (southeast leg of south collector was lowered), when all leachate levels
began to drop. This decrease continued into the late 1990s and then stabilized. Prior to the optimization, it was
observed that, corresponding high and low elevations measured in the PLCCS were generally reflected in leachate
elevations. Normally, seasonal increases in leachate elevations beneath the landfill in the early spring would also
be observed in the collection system. These elevations would then begin to decrease throughout the late spring
and into the summer until they stabilized in the collection system. This also showed the influence of the collection
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system on the leachate levels beneath the site. Since the late 1990s, there has been and continues to be very little
seasonal correlation between the leachate levels and the PLCCS. This would be expected as the PLCCS has
decreased the leachate levels to their lowest levels, in the system, based on the design. Generally, it has been
observed that during higher precipitation periods, the PLCCS pumping volumes increase to keep the level in the
PLCCS at their lowest levels. The only exception is noted at the monitors (63-1, 65-1, 66-IR and 67-1) located near
the edge of the interpreted outwash limit. These locations have shown a slight increase since their recorded lows
in the 1990 and exhibit more seasonal effects. Although this may be the case, overall seasonal effects in the levels
beneath the landfill are observed (i.e., water levels are generally higher during wetter years and drop during drier
years) closer to the PLCCS in the outwash beneath the waste.

The overall leachate levels beneath the landfill in 2018 were generally similar to slightly lower than in 2017, related
to more average (normal) precipitation, which was lower than that observed in 2017.

However, at monitor 58-1, located in the northwest area of the landfill, a significant increasing trend appears to have
occurred in 2017. The levels appeared to have peaked at significantly higher levels compared to observed
historical levels. As well, the overall change from 2016 was over 1 m, whereas monitor 57-| (just to the south of 58-
I) only showed a seasonal yearly change of around 0.5 m and monitors along the south system (55-IR and 56-IR),
showed changes of less than 0.5 m. During this period, the levels at MH 1W to MW 5W (Figure 5) did not
increase. Itis unknown as to the cause of this apparent greater increase. This location was assessed in the fall of
2018 and it was not apparent if there had been a change (heaving or subsiding) in the area of the monitor. As this
was the case, it was discussed that the monitor be re-surveyed. This location was re-surveyed on March 25, 2019
and it was found that some subsidence had occurred of about 0.84 m (Original Top of Pipe Elevation of 360.83
MASL — re-surveyed Top of Pipe Elevation of 359.99 mASL). The actually date that this occurred is difficult to
determine, but based on the groundwater elevation trends, it appears to be transitional between January to March
2017. Therefore, the new Top to Pipe elevation was applied starting with the February 2017 level. This level was
slightly out but remaining elevations were similar to those observed historically and now again below the target
(Figure 7).

The effect of the PLCCS on leachate flow beneath the landfill is important. “Target elevations” have been set for
leachate levels below the landfill that will minimize groundwater impacts on the bedrock aquifer. To maintain these
leachate target elevations, the PLCCS must be effective in controlling and lowering leachate elevations in the
outwash beneath the waste. This has been demonstrated, as it is observed that the PLCCS strongly affects
leachate elevations in the outwash beneath the waste.

During 2018, leachate elevations at locations 1-IR, 52-I, 55-IR, 56-IR, 57-1, 58-I and 61-IR were below their target
elevations throughout the year. It should be noted that at 55-IR, the water level in July is slightly above the trigger,
but is most likely anomalous.

As expected?, locations 51-II, 63-1, 65-1 and 67-1, as well as the replaced location 66-IR, were still above their target
elevations. It should be noted that from 1998 until 2003, location 51-11 was occasionally below its target elevation,
which also occurred again in 2016. Therefore, the overall lower elevations exhibited at this location has
demonstrated that the PLCCS can lower the leachate elevations in the landfill more than the modelling had
predicted during drier periods.

In conclusion, the PLCCS has once again been demonstrated to be very effective in controlling and collecting
leachate from the outwash beneath the landfill.

1. Modelling had suggested that these areas would never have leachate elevations that would be below the target elevations.
Section 4.5.2.1 later in the report discusses the implications on groundwater quality.
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3.7.3 Effectiveness of the Sheet Pile Wall in Preventing Off-Site Leachate Migration

The sheet pile wall will prevent off-site leachate migration if an inward hydraulic gradient is maintained across it
towards the landfill (i.e., groundwater elevations are higher outside the sheet pile wall than leachate elevations
inside). To determine the effectiveness of the sheet pile wall, groundwater elevations from the C- Series monitors
just outside of the wall (Appendix A) and leachate elevations in the manholes inside the wall (Appendix B) are
compared.

Figure 9 illustrates the relationship of the leachate elevations in the south collection system, the landfill just inside
the collection system and groundwater elevations in selected monitors outside of the sheet pile wall. Under normal
operating conditions, the leachate elevations are always lower than the groundwater elevations measured outside
of the sheet pile wall.

Figures 10 and 11 illustrate the difference between the groundwater elevations in the C-Series monitors (outside of
the wall) and leachate elevations in the adjacent manholes (inside of the wall). Positive differences denote inward
hydraulic gradients. These figures show that inward hydraulic gradients were maintained across the sheet pile wall.

Along the west collection system, where the sheet pile does not exist (MH4W and MH3W), an inward gradient
towards the collector pipe is still generally maintained as shown on Figure 11. Although the sheet pile wall does
not exist here, this inward gradient prevents off-site leachate migration.

To determine if any off-site flow may be occurring beneath the sheet pile wall in the localized areas where it could
not be advanced into the till, the piezometric elevations in C6-1, C9-I, C10-l and C11-1 were compared to leachate
elevations in the adjacent manholes. In all cases, a positive difference was maintained ensuring that no outward
flow was occurring as shown on Figure 11.

3.74 Summary
The PLCCS continues to operate in a very effective manner.

Shallow groundwater is protected by the PLCCS. The leachate levels below the landfill remained consistently
below the top of the sheet pile wall that surrounds much of the site. Furthermore, by pumping leachate out of the
landfill, an inward gradient is maintained at the perimeter of the landfill (i.e., shallow groundwater flow is inward to
the landfill, rather than outward).

In most cases, leachate elevations beneath the landfill were measured below the target elevations that were
originally set for protection of the bedrock aquifer. However, the areas where the modelling predicted that the
leachate elevations would be above their target elevations once again showed elevated leachate above their target
levels in 2018. The potential effects of these levels above targets are dealt with separately in Section 4.5.2.1.

3.8 Need to Implement Contingency Plans for Leachate Control

The PLCCS is operating as designed and collects leachate effectively. The system creates an inward hydraulic
gradient preventing off-site leachate migration. There is no need to implement any additional leachate control
measures at this time.
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3.9 Operational Problems and Remedial Actions

3.9.1 General PLCCS Operation

No maintenance was required on the PLCCS in 2018.

3.9.2 Methane in the Leachate Collection System
Methane may be found in PLCCS manholes due to their proximity to the waste. Consequently, all manholes and
Pump Stations have signs warning of the possible presence of landfill gases. Confined space entry procedures are

followed when it is necessary to enter any confined space.

The PLCCS manholes and Pump Stations were monitored during 2018 for methane. Monitoring results are shown
in Appendix D in Tables D6 and D7. The table shows two monitoring events for 2018.

South Side Collection System

Table D6 documents methane concentrations in the south PLCCS. During the two monitoring events at MH 8S and
MH7S and one event at MH 2S and MH 4S, trace methane detections were recorded well below the LEL2. All other
manholes showed no methane for both events. Historically, the methane concentrations on the south side of the
site have been low. Methane can be expected in the PLCCS manholes because of their proximity to the waste. No
remedial action is required since the manholes are already connected to the landfill gas extraction system.

West Side PLCCS

Table D7 documents methane concentrations in the west side PLCCS. In 2018, methane was generally not
detected in the manholes during either sample event, with the exception of trace readings for MH8W and MHOW as
observed historically. The West Pump Station showed no methane during both monitoring events. No remedial
action is required since the manholes are already connected to the landfill gas extraction system.

Main Pump Station

There was no methane measured in the Main Pump Station (MPS) or the Old Main Pump Station (OMPS) during
the monitoring events in 2018, as shown in Table D7. No remedial action is required at this time.

3.10 Recommended/Approved Changes to the Leachate Control
System

There were no changes to the operation of the leachate control system in 2018. No recommended changes are
required in 2019.

2. LEL - Lower Explosive Limit. The LEL for methane gas is 5% by volume in air. Note that methane is only combustible in
concentrations between 5% and 15% by volume in air.
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4. Groundwater Monitoring

4.1 The 2018 Groundwater Monitoring Program

Groundwater levels are collected from all monitoring locations twice per year. Monthly water levels are measured
at all leachate locations and from selected lower till and bedrock locations. All of the data are compiled and
presented in Appendix A. Figure 3 is a site plan showing all monitoring locations around the site.

Groundwater quality monitoring is conducted at the landfill in accordance with the amended ECA. Table 4 below,
outlines the monitoring locations and frequency of sampling conducted during 2018. The groundwater quality
results are provided in Appendix C. Standard Quality Assurance/Quality Control (QA/QC) groundwater quality data
are not provided in this report but are available on request. It should be noted that the current monitoring program
reflects the reductions as accepted by the MECP, as provided in the 2008 annual report.

Table 4: Summary of 2018 Routine Groundwater Sampling

Sampling Program | Actual Sampling Frequency and

Formation Monitor Locations

(per year) Comments
Waste 51-IR, 59-1, 65-I, 67-I Two Times Two times during 2018
Waste/Fill Outwash |[51-l, 56-IR, 57-1, 58-1, 61-IR, 63-I Two times Two times during 2018
Beneath Waste 55-IR, 66-IR Once during 2018, insufficient volume
Sandy Outwash 2-1, 13-1V, 13-V, 14-1l, 14-111, 15-1V, 15-V, Two times Two times during 2018
17-1v, 18-1ll, 30-1, C2-I, C6-1, C9-I, C10-I,
C11-l
2-I1, 9-1, 11-Il, 16-V, 26-I, 28-1, 35-1 One Time Once during 2018
Upper Till 4-1IR, 5-I, 11-1, 13-11l, 15-I, 16-1V, 21- Two Times Two times during 2018
IR, 60-Il, 60-11I
17-111, 19-1V One Time Once during 2018
Lower Till 4-1IR, 60-I Two Times Two times during 2018
53-1IR Four times during 2018,

inadvertently sampled during
quarterly bedrock event

11-111, 13-11, 15-Il, 16-1, 16-VI, 17-11, 19-lI One Time Once during 2018
Bedrock 4-IR, 37-IR, 37-lIR, 50-I, 91-1, 93-I, 94-I, Four Times Four times during 2018

95-1, 96-1, 96-II

53-| Two times during 2018,

inadvertently sampled till monitor
(53-1IR) during quarterly event

14-1V, 16-VII, 54-1, 90-II Two Times Two times during 2018
9A-I, 13-, 15-I, 171, 19-1, 20-IR One Time Once during 2018
Deep Bedrock 16-VIIl, 90-1 Requested by Sampled in spring, late summer, fall
MECP

Chemical a) Conductivity, pH, Alkalinity, Phenols, ICAP Metals (including Major Cations Ca, Mg, Na, K and Trace Metals I, Br, Cr, Ni, Fe,
Analyses: Mn, Zn).

b) Major Anions (including SOy, Cl, NO3, NO,).

c) Field Parameters: pH, conductivity, temperature.

The focus of the groundwater monitoring program is intended to evaluate water quality based on the leachate
indicator parameters and the critical leachate parameters. These parameter lists were agreed upon by the
Technical Experts during discussions leading up to the hearing for continued operations of the Eastview Road
Landfill. In 1998, the MECP, in their review of the 1997 Annual report, accepted the recommendation for the
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reduction of the groundwater analytical parameter list to reflect only the leachate indicator parameters and the
critical leachate parameters. This parameter list has been in effect since the 1998 monitoring period. In 2001,
lodide (1) and Bromide (Br) were also added to this list.

4.2 Groundwater Elevations and Flow Directions

As discussed with the MECP, a further assessment of the geological model for the site and groundwater flows was
completed in the fall of 2015. Based on this assessment, a revised bedrock surface map was interpreted that
showed that a possible incised bedrock low was trending into the site from the west and Location 96 intercepting
the inferred low that was trending through the site to the south across Eastview Road. This interpreted bedrock
surface map is illustrated on Figure 12. Based on the current interpretation, the shallow bedrock flows were
revised to now include location 96.

From the collected data, groundwater flow maps are produced for the shallow groundwater system and the bedrock
groundwater system (Figures 13 and 14). As well, groundwater elevation trends for selected shallow groundwater,
lower till and bedrock monitors are provided in Appendix A. In general, groundwater elevations across the site
typically follow seasonal trends such that water levels are higher during the wetter periods of the spring but
decrease during the usually drier summer months.

Overall, groundwater levels trends in 2018 generally followed seasonal trends indicative of a wetter year following a
slightly drier year (average). Generally, groundwater elevations showed increases from the fall lows in 2017 into
mid-summer of 2018 as expected, with some decreasing trend into the early fall. Where monthly water levels are
taken, levels then began to increase slightly until the end of the year, most noticeably at locations in and around the
southern and western area of the landfill.

Generally, both bedrock and overburden monitors exhibited a similar trend. As compared to previous years,
seasonal water level fluctuations in 2018 were similar to historical lows and seasonal highs, with the seasonal lows
similar to those observed in 2017. As well, the greatest fluctuations were again observed in the upper bedrock.

As requested and discussed with the MECP Technical reviewer, the landfill water well P10 (shown on Figure 17)
was included in the water level monitoring program in early 2016, as it was scheduled to be decommissioned. The
intent of adding this water well location was to potentially determine the possible flow direction in the deep aquifer.
Although water levels have been collected, no top of casing survey was available to assess the water level
measurement to flow. It was recommended that the well be re-surveyed in the spring of 2017, prior to
decommissioning, so that these flows can be reviewed. As again recommended in 2018, the well casing was
surveyed for geodetic elevation on March 25, 2019.

The water levels that were obtained at P10 in 2016 ranged from 41.19 to 42.16 mBTOC. These levels were found
to be similar to the original water level taken when the well was installed in December 1986 at 42.6 mBTOC.
Provided below are the calculated water level elevations at 90-1, 16-VIIl and P10.

90-1 16-VlI P10
mASL mASL mASL
01-May-16 | 318.63 [ 318.12 316.24
10-Aug-16 | 318.51 [ 317.02 317.08
01-Sep-16 | 318.83 | 318.17 317.21
03-Nov-16 | 317.48 | 316.95 316.45

Date

Based on these limited groundwater elevations, groundwater flow in the deep bedrock appears to be south to
southwest. The spring water level at P10 appears anomalous as it is the lowest of the four levels and does not fit
the overall trend (higher water levels in spring).
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Further to the above, there is now sufficient data to assess water level measurements for trends in the deep
bedrock aquifer (Figure A7 — Appendix A) at locations (16 and 90), installed in 2003 that monitor. There is now
sufficient data to assess water level measurements for trends in the deep bedrock (Figure A7 — Appendix A). As
requested by the MECP technical reviewer, the total pumping volume from the northeast quadrant production wells
is also reviewed along with the water levels.

As discussed in earlier annual reports, in 2003 and 2004 there appeared to be some correlation to water levels with
respect to the pumping. However, there were no apparent effects from pumping throughout 2005 into 2007 based
on the water level trends observed. This would be expected as pumping volumes remained fairly stable during this
period. During 2008, there were also no apparent affects from the pumping on water level trends even though
pumping volumes did show a slight increase. A similar observation was noted in 2009, as the water levels
continued to increase into the early part of the year even though overall pumping had begun to increase. By the
end of August 2009, pumping volumes had increased again (slightly over 2008) and stabilized, however, water
level declines occurred prior to this change, which indicates that this was related to seasonal variation and not the
increase in pumping. Unlike the shallow bedrock and overburden, the deep bedrock water levels did not exhibit
any increase into the late fall.

The 2010 data indicates that the pumping volumes still remained at the higher levels (generally within historical
norms), but were slightly lower than the latter half of 2009. The water levels continued to decrease until early 2010
and then increased into the summer when there was no change in pumping. As there was no change in pumping
between 2009 and 2010, and only slightly lower pumping in 2008, with no apparent effects noted between 2008
and 2009, it is most likely that the greater decrease in seasonal change noted in late 2009 and early 2010 are
related to lower surplus precipitation in the late fall/winter-early spring.

Since 2010, the pumping volumes trends have generally remained similar, along with water levels in the deep
bedrock appearing to be generally following seasonal trends as observed in the shallow system but to a lesser
extent. This is once again observed in 2018 where the water level trends generally appear to be responding to
season trends showing a similar pattern as the shallow system.

Overall, comparing the water levels collected to-date from the deep monitors with the pumping volumes in the
northeast quadrant, indicate that there may be some correlation as evident in 2003 and 2004, when the pumping
volumes were more variable. Since this time, the pumping volumes were more stable and water level trends
appeared to only exhibit season variation similar to the shallow bedrock and overburden, although seasonal
variability was higher. Further, even though the pumping volumes did increase in both 2008 and 2009, although
still below the maximum historical volume, there was no clear evidence that it was having a noticeable effect on
water levels, even though there was a significant drop in water levels noted in late 2009. In 2010, pumping
continued at the higher rate, although slightly lower than in 2009. During this period there was still no clear
evidence of an effect from pumping on the water levels as the seasonal trends observed were concluded to be
related to the drier year and the distribution of precipitation.

Water levels during 2018 continued to respond to seasonal effects as observed since 2011. The pattern of
pumping and water level response does not suggest that there is any measurable effect on the water levels
beneath the landfill from water taking in the northeast quadrant in 2018. Although a noticeable decrease into the
summer was observed in 2018 it corresponded to a decrease in the water taking in the north east quadrant again
suggesting the trend is related to a seasonal response.

The shallow groundwater system lies in the sand and gravel outwash and/or in the upper part of the silty sand till
where outwash is absent®. Leachate elevations in monitors 51-IR and 59-1 in the landfill waste are found to be

3. The geology of the site has been extensively documented in previous reports; see 1995 Annual Report Section 4.2, pg. 38
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perched above the shallow groundwater system and are not used in the evaluation. Figure 13 illustrates the
shallow groundwater flow in November 2018. The groundwater flow is similar to previous years.

Of note, is the local control that the PLCCS exerts on the shallow groundwater flow system within the landfill. As
discussed previously in Section 3.4, the leachate collection system acts to lower leachate levels inside the sheet
pile wall below the groundwater levels outside the sheet pile wall, thereby creating inward flow across the wall.
This prevents any leachate flow out of the landfill site to the shallow groundwater system. This is best
demonstrated along the southwest leg of the south collector. Along this portion, leachate levels measured in the
system were (MH 6S, 7S and 8S), on average throughout most of the year, around 340.06 mASL, whereas outside
the system (C6-Il and C7-1) the groundwater levels were on average 342.15 mASL.

Figure 14 illustrates the bedrock groundwater flow in November 2018 below the landfill. The groundwater flow is
generally similar to previous years with the exception of incorporating location 96. Historically and confirmed by
further bedrock installations to the west in the mid to late 2000s (as recommended by the MECP), groundwater flow
was interpreted to be flowing into the site from the west. This flow was expected based on the interpreted bedrock
topography and water quality, at that time, which suggested a bedrock low feature trending into the site from the
west.

As part investigations completed in late 2011 and early 2012, original location 92-1 was moved and a new location
was completed further east. Both a deep (monitor 96-1) and shallow upper bedrock monitor (monitor 96-11) were
installed, with the deep monitor replacing 92-1. This location encountered the bedrock at a deeper elevation than
the original location (92) and location 37R. As well, initial water levels at both the deep and shallow monitors
appear much lower than levels closer to the landfill property. It was suspected that this location had intercepted the
bedrock feature that was inferred in this area and was initially shown on Figure 5 in the 1992 Groundwater and
Surface Water Monitoring Report, Eastview Road Landfill Site, dated June 1993.

Based on this current information and in discussions with the MECP, an additional hydrogeological/geological
assessment was completed to update that geological model with respect to the deep and shallow bedrock aquifers
including the more recent information from Location 37R and location 96. This additional hydrogeological
assessment was completed in the fall of 2015 (“Interim Assessment for Additional Hydrogeological Investigation on
Monitor Replacement to the West of the Site with Respect to Chloride at Locations 37/50, and Follow-Up
Assessment on Ministry of the Environment and Climate Change Comments, Closed Eastview Landfill Site, City of
Guelph, dated December 10, 2015”) and is found in Appendix F. Based on this assessment, it was found that at
location 96, the bedrock topographical contact was about 6 to 7 m lower than the contact at other locations in the
area (such as former 92 and 37R). As well, the water levels were also much lower at 96-11 than the other shallow
bedrock monitors along the western boundary, which could possibly suggest some flow to the west. To better
address this, a re-evaluation of the bedrock surface topography was completed on a more regional scale using all
available water wells in the area and the existing landfill bedrock locations, including the recently completed
location 96. This revised bedrock topography interpretation is illustrated on Figure 12 on a site specific scale.

As presented and discussed at a meeting with the MECP groundwater reviewer on October 27, 2015, the
topographical bedrock surface interpretation still indicates that there appears to be an incised bedrock low through
the site but it is now inferred to be more easterly into the site and then southeasterly based on the inclusion of the
bedrock contact at location 96. This incised low is inferred to continue to the southeast based on the drop in the
bedrock elevation contact as observed at water well 6701108. It was put forth by the MECP groundwater reviewer
that the bedrock topography to the west, may be just a local low in the bedrock, however, it was discussed that the
current interpretation would be more viable geologically as an erosional feature. Based on the topographical
interpretation, the shallow bedrock groundwater flows were re-visited to include the water level from 96-11, at that
time. Revised bedrock groundwater flow in May and November 2014 were completed and illustrated, the inferred
flow pattern generally follows the bedrock topography as would be expected. This was also the case in 2018 as
illustrated on Figure 14 during the fall of 2018.
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In conclusion, the current interpretation of groundwater flow direction around the site has generally remained similar
to previous years, with the exception of the refinement of the bedrock flow.

In order to assess downward groundwater flow through the till, several locations were selected to show vertical
groundwater elevation trends with depth (Appendix A). The selected locations were chosen to illustrate the
relationship of groundwater elevations in the outwash/upper till, lower till and bedrock. These figures also illustrate
the seasonal groundwater elevation fluctuations across the site. These figures show that in most cases, downward
gradients are observed across the till below the site.

Of importance are the gradients below the landfill footprint. Examining the 2018 gradients between the water levels
measured in the outwash beneath the waste only (1-IR, 51-11, 55-IR, 56-IR, 57-1, 58-I, 61-IR, 63-I, 66-IR and 67-I)
and the interpreted bedrock groundwater surface, the estimated vertical gradients beneath the landfill ranged from
0.04 to 0.20 m/m or on average about 0.14 m/m. The downward movement of groundwater, below the landfill, is
estimated to be only 0.91 to 3.88 cm per year or on average 2.80 cm per year. These gradients and downward
flow velocities are slightly higher than those observed in previous years and similar to slightly lower to those
observed in 2017. The overall slightly higher gradients are a reflection of the refinement of the bedrock flow, which
has caused a slightly lower piezometric surface in the western and central areas of the landfill footprint.

To put these actual flow velocities into perspective, on average, it would take hundreds of years for the leachate to
move through the till into the underlying bedrock, based on the 2018 water levels.

In conclusion, vertical gradients towards the bedrock are, on average, low. The estimated downward flow velocity
is also very slow, in the order of only a few centimetres per year.

4.3 Leachate Quality

Section 3.1 examined the quality of the leachate in the PLCCS, as it related to sewer discharge. In this section, the
leachate quality measured in groundwater monitors in the waste, and in the outwash beneath the waste, is
presented. It is this leachate quality that is most relevant to assessing possible impacts on groundwater quality in
the natural environment.

Chemistry results for the leachate are presented in Appendix C. Table 5, is a summary of the critical leachate and
leachate indicator parameter list for both the waste and outwash below the waste during 2018. Figure 16 shows
the locations of the leachate monitors as well as all the overburden monitors.

In general, the leachate quality is characterized by elevated concentrations of chloride, boron, phenols (critical
leachate parameters), sodium, potassium, magnesium, iron, manganese, ammonia and alkalinity (leachate
indicator parameters). In 2001, iodide and bromide were added to the list as part of an investigation conducted for
locations 37/50. Both of these parameters are found to be elevated in the leachate as well.

The concentrations of these parameters vary with location across the landfill but in most cases are elevated above
the background concentrations. However, it should be noted that parameters such as chloride and sodium might
be elevated in the background due to other sources such as road salt. As well, parameters such as iron,
manganese, and ammonia can be elevated due to natural background conditions, in either the sandy outwash
(manganese) or the wetland peat (iron and ammonia).
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Table 5: Summary of Leachate Quality from the Waste and Outwash Beneath the Waste in 2018

Outwash Beneath Waste

reremeers samples

General |pH (pH units) 7.61 7.51 7.67 4 7.52 6.98 7.96 14
Conductivity (uS) 18,500 15,000 22,000 4 4,314 1,800 7,000 14

Alkalinity (mg/L) 6,975 4,700 8,900 4 1,256 670 2,500 14

Hardness (mg/L) 2,100 1,600 2,600 4 1,329 850 2,000 14

Critical Chloride (mg/L) 2,350 2,000 2,600 4 779 240 1,300 14
Indicators |Boron (mg/L) 36 20 54 4 3.3 0.16 8.1 14
Phenol (ug/L) 34 24 55 4 <3 <1 <5 14

lodide (mg/L) 1.9 1.6 2.1 4 <0.62 <0.1 14 14

Leachate |Calcium (mg/L) 54 32 80 4 210 150 310 14
Indicators |Sodium (mg/L) 1,725 1,300 2,100 4 441 56 900 14
Magnesium (mg/L) 478 350 610 4 197 110 400 14

Potassium (mg/L) 878 600 1,200 4 26 1.2 100 14

Iron (mg/L) 10.9 5.1 18 4 6.79 0.18 34 14

Manganese (mg/L) 0.08 0.047 0.12 4 0.13 0.02 0.36 14

Ammonia (mg/L) 848 700 980 4 20 2 74 14

Other Sulphate (mg/L) <23 <10 <50 4 <10 <1 56 14
Constituents |Bromide (mg/L) <23 <10 <50 4 <6.25 <1 <10 14
Nitrate (mg/L) <1.9 <0.1 <5 4 <0.81 <0.1 8.07 14

Nitrite (mg/L) <0.24 <0.05 <0.5 4 <0.04 <0.01 0.28 14

As mentioned in the previous annual reports, a change in leachate quality was noted at monitor 51-II, where an
increase in leachate strength had occurred. This increasing trend began in late 2006 and persisted into early 2008.
Since 2008, no further increase was observed with the concentrations remaining at the higher levels. This monitor is
installed in the outwash beneath the waste. Since the increase was sudden, this change may be related to a
compromised monitor (possible break or crack in monitor due to shifting) as observed at other locations on the landfill.
Although this increase has occurred, the current concentrations observed for the leachate indicators for the most part
are still around the upper range found in the outwash beneath the waste. Should a further increase continue, this
monitor should be inspected to determine if it has become fully compromised. If this monitor becomes fully
compromised, it should be replaced. Currently, concentrations have shown no recent increase into 2018.

Also, as mentioned in the previous annual reports, anomalous leachate quality was noted in November 2008 at 51-
IR. Several leachate indicator parameters increased significantly, although chloride was reported as less than the
laboratory detection limit. In the spring and summer of 2009, the chloride concentration was once again similar to
previous years (1450 to 1660 mg/L). However, most of the other indicator parameters remained slightly elevated
compared to the historic concentrations for monitor 51-IR. In the fall of 2009, a further increase occurred for all
leachate indicators, which persisted into 2011. In fact, the leachate quality concentrations observed are
approaching the original leachate quality observed in 51-1, which was replaced by 51-IR in 2003. Monitor 51-|
became compromised in 2000 (monitor pipe broken) caused by a blockage. This monitor was constructed in the
early 1990s with an extra-long screened interval from 22.6 m to 7.3 m below ground surface and it was inferred that
the monitor broke within the screen due to settling of the waste in the landfill. As this was the case, the
replacement monitor, 51-IR, was constructed with a shorter screened interval from 22 m to 15.9 m to reduce the
risk of a similar problem. Since this time, the leachate quality from the replacement monitor was found to be slightly
lower than the original monitor. Since this latest increase was also abrupt, it is possible that this monitor has been
partially compromised (possibly cracked) allowing the higher waste leachate that the original monitor reflected to
now leak into the monitor. This change in leachate quality is not considered an issue as it remains within the
concentrations observed at the other waste monitor 59-1. However, it should be monitored closely to ensure that a
full breakage does not occur. If this monitor becomes fully compromised, it should be replaced.
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Routine organic analysis of the leachate is performed once per year. The results for 2018 are presented in Table
C6, Appendix C. The results were similar to previous years with low concentrations of BTEX (benzene, toluene,
ethylbenzene and xylene) and organic compounds. Higher concentrations of the above parameters are usually
associated with leachate in the waste and not in the outwash beneath the waste.

Of all the leachate indicator parameters identified, only boron, chloride and phenols are considered as critical
leachate indicator parameters. As the above parameters best characterize the leachate, evaluation of leachate
quality within and below the landfill will focus on these parameters. Further to these traditional indicator parameters,
iodide and bromide have been included in the leachate indicator parameter list. Studies have shown that iodide
can be elevated in landfill leachate, as observed in the leachate from Eastview. Further, brine (salty) water quality
is also enriched with iodide, however, road salt impacted water are deplete in iodide. As this is the case, iodide has
been added to the critical leachate parameter list.

As observed historically, the concentrations of leachate varied widely throughout and below the landfill during 2018.
The ranges observed were: chloride from 240 to 2,600 mg/L; boron from 0.16 to 54 mg/L; and phenols from less
than the laboratory detection limit (1 pg/L) to 55 pg/L. These ranges are generally similar to those observed in the
past. As well, the range for iodide was less than the laboratory detection limit (0.1 mg/L) to 2.1 mg/L. The higher
concentrations are found in the waste and the lower concentrations are found predominantly in the outwash
beneath the waste. In 2018, four waste monitors (51-IR, 59-1, 65-1 and 67-I) and eight outwash monitors (51-1, 55-
IR, 56-IR, 57-I, 58-I, 61-1R, 66-IR and 63-I) were sampled.

Spatially, leachate quality has remained similar at most locations, with the exception of the increase noted at
location 51. However, some minor increases in chloride and sodium have been noted at 57-1 and 58-I.

Leachate concentrations, as in the past, are significantly higher in the waste than in the outwash beneath the
waste. During 2018, the average concentrations of the critical leachate parameters chloride, boron and phenol as
well as iodide were:

a) 2,350 mg/L, 36.0 mg/L, 55 ug/L and 1.9 mg/L, respectively, in the waste; and
b) 779 mg/L, 3.25 mg/L, <3 ug/L and <0.62 mg/L, respectively, in the outwash beneath the waste.

In conclusion, the leachate quality remains variable across the site and leachate concentrations are still significantly
lower in the outwash below the waste than in the waste.

4.4 Shallow Groundwater Quality

441 Measured Exceedances of Reasonable Use

As discussed previously in Section 3.4.4, the PLCCS is operating as designed to prevent leachate flow from the
landfill into the shallow groundwater system around the site. Therefore, there was no exceedance of Ministry of the
Environment Guideline B7, the Reasonable Use Guidelines (RUG), in the shallow groundwater attributable to
leachate release in 2018

The installation of the PLCCS was completed at the site as leachate impacts were once detected in the shallow
groundwater system to the south of the site. The intent of the PLCCS was to mitigate any further off-site leachate
impacts from occurring.

Shallow groundwater monitoring subsequent to the installation of the PLCCS have been and still are used to

confirm that the previously impacted groundwater has, in fact, renovated over time and that no new leachate inputs

RPT_2019-04-24_Finaleastview 2018 Report_60598827.Docx 20



AECOM City of Guelph

2018 Annual Report
Closed Eastview Road Landfill Site

are present. While the presence of other sources of impacts such as road salt can complicate the analysis, the
following is a discussion of the 2018 results.

The residual leachate impacts were best observed in monitor 16-1V and historically in monitors 2-1 and C6-.
Chemical trend plots for leachate indicator parameters chloride and boron as well as leachate indicator parameters
ammonia, alkalinity and sodium are provided in Appendix C (Figures C1 to C3).

As discussed in previous years, monitor 2-1 had exhibited decreasing trends since 1992, after the completion of the
PLCCS. In 1996, the trends showed that the water quality was beginning to stabilize indicating that the residual
leachate that was present in the past had mostly dissipated. There is no indication of any residual leachate effects
in 2018 in monitor 2-I.

Monitor C6-I, closer to the sheet pile wall, still exhibits no appreciable trends during 2018. Although concentrations
of both chloride and sodium remain elevated, the concentrations of boron, phenol and ammonia continue to be low
and still indicate that there are no leachate effects present in 2018. Further analysis of the groundwater continues
to indicate that this location is showing a strong road salt signature, as observed since 1996.

Location 16, as observed since 1998, continues to exhibit very little variation in groundwater quality. Groundwater
quality still indicates that there are some very minor residual leachate affects at this location. Chloride
concentrations have remained similar, since about 2002. As well, boron has decreased over time and now remains
at a concentration just below about 1 mg/L (below the RUP) compared to those observed back in 1998 and 1999
(around 3 mg/L). The boron concentration was above 4 mg/L in 1991. This overall decrease over time has
demonstrated that water quality at this monitor has improved. This is further demonstrated by a similar increasing
trend in sulphate and calcium as the boron had decreased. Sulphate is generally found to be higher in the natural
groundwater than in the leachate. During 2018, all other leachate indicator parameters are similar to historical
levels.

Locations 10 and 13 had been exhibiting increased and/or high concentrations of sodium and chloride as indicated
in previous reports. This has persisted into 2018 and has been related to road salt due to their locations beside the
roadways at location 13. A more in-depth investigation undertaken in 1996 in response to PLC concerns found that
there were no increasing trends for either alkalinity or boron; however, higher than background ammonia was
present and iron was also elevated, especially at location 14. An extensive groundwater analysis was performed
which concluded that the sodium and chloride were from road salt. The ammonia and iron are considered to be
naturally occurring (coming from the peat). Location 10 was decommissioned in late-2017 to facilitate the
reconstruction of Eastview Road, including the Multi-Use pathway to better access the Eastview Community Park.
Prior to decommissioning, an administrative amendment was forwarded to the Ministry in August 2017 requesting
that location 10 be removed from the program. This amendment was approved on October 3, 2017.

Further to the above locations showing road salt impacts, in mid-1999 chloride concentrations increased at location
14 and were in the range of 300 to 400 mg/L (14-1l). However, no increase in sodium was observed at that time.
This increase in chloride was attributed to the movement of road salt impacted waters from the upgradient location
13. This increase was the initial front of road salt impacted water to reach location 14, which is why only chloride
had increased. This occurs, as chloride is more mobile than sodium. Concentrations remained at these levels,
although there appeared to be some seasonal increases in chloride observed between 2003 to 2008. In the fall of
2008, chloride and sodium at locations 13 and 14 increased, most noticeably in the shallow monitor 13-V. This
jump may be related to the reconstruction of the area at the corner of Watson and Eastview Road as part of the
widening of Watson Road. Since 2013, the chloride has now decreased to pre-construction levels although sodium
still remains slightly higher.

Similar to location 14, an increase in chloride, sodium and iron were noted at C11-l upgradient of the leachate
collection system, most noticeably since 2012. Based on the water levels (Figure 9) and the location of the sheet
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pile wall, this location is upgradient of any leachate sources. However, this location is downgradient of Watson
Road and the corner at Eastview Road (location 14). The change in water quality is most likely related to road salt
effects. The increase in iron could also be related to this change as water quality upgradient in the outwash at 13-
IV has highly elevated iron.

From 1999, there had been a very minor increase in boron at monitor 15-1V from around 0.2 mg/L to around 1 mg/L
by the end of 2002. No other parameters were showing this same trend and further analysis of the data did not
indicate any leachate effects. Since this time, boron concentrations decreased to historical levels by 2011. The
presence of the elevated boron was most likely related to minor residual leachate impacts similar to that observed
at Location 16. In 2018, concentrations have generally remained at background levels.

As well, a chloride and sodium jump occurred at 15-1V starting in 2017 and persisting into 2018, although a slight
drop in chloride occurred in the fall. This change in water quality began to occur during the reconstruction of
Eastview Road, which most likely the cause an increase in road salt effects reaching this location. This change will
be further assessed as more data is collected.

Further to the above discussion, review of water quality further to the south of Eastview Road at monitor 9-1 had
shown a slight increasing trend for chloride and sodium starting in 2007 which persisted into 2008. A slight
decrease occurred in 2009 but minor concentration increases from this time continued into 2012. Concentrations
have now shown a decrease into 2016, stabilizing in 2017 to 2018 at just above background since the highest level
noted in 2012. This change was not considered to be related to the landfill as the PLCCS is working as designed
(no changes at Location 2 or C6-l). Upon further review, the increase began to occur around the same time as the
construction activities associated with the housing development on the south side of Eastview Road and the
construction of the water main. These activities have been observed to be very close to the Hadati Creek and
location 9. Further assessment of this water quality will be undertaken as more data become available, however, it
does appear that the cause is related to the construction activities mentioned earlier.

Guideline B7 Criteria

Although there is no new leachate migration downgradient of the landfill, the monitors in this area were still
compared to the RUG (Table C7 Appendix C). As observed on this table, there are several locations that exceed
the Guideline B7 criteria (RUG) for some parameters. Of all the parameters that exceed the B7 limit, only boron,
historically, at location 16 was considered related to residual historical leachate impacts as discussed above. All
other parameters that exceeded the B7 limit are considered to be either natural or a result of road salt impacts.
These include:

a) Chloride and sodium at location 13-V and 15-1V. The parameters exceed the B7 limit as a result
of road salt impacts, as discussed above.

b)  Sulphate at location 18-Ill. High sulphate concentrations at location 18 have been discussed in
the past and are related to gypsum (1992 Groundwater and Surface Water Monitoring Report —
Eastview Road Landfill Site, GLL 93-134, dated June 1993).

c) Elevated iron and manganese were once again noted at locations 2, 9, 13, 14, 15, 16 and 18.
These elevated parameters are considered naturally occurring and are related to the wetland and
associated peat (iron) and in the outwash sand (manganese), as discussed in Section 4.3.

d) Nitrate was exceeded at location 2-1l. This is not considered landfill and has occurred in this area
historically.

The chemistry trends (time-concentration plots) to the west of the site are provided in Appendix C (Figures C4 to
C6). Groundwater quality in this area is similar to previous years showing road salt effects and exhibit no leachate
impacts, although an increased trend in road salt effects had been noted at 30-1 with some occasional chloride
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increases at 28-I, further downgradient. This would be expected as groundwater flow from the west is towards the
site. However, in late 2009, chloride and sodium concentrations abruptly decreased by half and spikes in phenol
concentrations began to occur at 30-I. Phenol has generally decreased with a concentration spikes observed again
in 2013 and in 2015. During this time, chloride has remained at lower concentrations and is currently showing no
apparent trends. It appears that this drive point monitor may have become compromised allowing infiltration of
surficial water from the wetland.

In conclusion, there are no new exceedances of Reasonable Use measured in the shallow groundwater

downgradient of the landfil. Some exceedances due to very minor residual leachate effects still exist, but these are
continuing to decrease over time.

442 Predicted Exceedances of Reasonable Use

If the PLCCS continues to work as designed to prevent any further off-site migration of leachate, no new
exceedances of the Reasonable Use Guidelines related to the landfill are predicted in the shallow groundwater.

4.5 Bedrock Groundwater Quality

45.1 Measured Exceedances of Reasonable Use
Nineteen bedrock monitoring locations are currently routinely sampled at the Eastview Road Landfill. These
locations are shown on Figure 17. Bedrock groundwater quality results are provided in Appendix C with the 2018

results summarized in Table 6.

Table 6: Summary of Bedrock Groundwater Quality During 2018

Bedrock Groundwater Summary

Parameters

Samples
General pH 8.16 7.91 8.52 44
Conductivity (uS) 458 280 850 44
Alkalinity (mg/L) 207 150 270 44
Hardness (mg/L) 190 71 350 44
Critical Chloride (mg/L) <17.3 <1 72 44
Indicators |Boron (mg/L) 0.050 0.011 0.12 44
Phenol (ug/L) <1 <1 1.2 44
lodide <0.1 <0.1 <0.1 44
Leachate Calcium (mg/L) 40 17 75 44
Indicators  [Sodium (mg/L) 21.7 7.2 42 44
Magnesium (mg/L) 22.1 6.9 42 44
Potassium (mg/L) 0.9 0.6 1.4 44
Iron (mg/L) <0.21 <0.1 0.59 44
Manganese (mg/L) <0.007 <0.002 0.035 44
Ammonia (mg/L) 0.24 0.05 0.53 44
Other Sulphate (mg/L) <17 <1 63 44
Constituents |[Bromide <1 <1 <1 44
Nitrate (mg/L) <0.24 <0.1 4.21 44
Nitrite (mg/L) <0.012 <0.01 0.035 44

Notes: 96-11 and 50-I were not included in the above table due to elevated chloride.

Groundwater quality in the bedrock in 2018 is generally similar to previous years for most parameters. As
discussed in previous reports, the overall average chloride and conductivity had been showing an increasing trend.
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This change in the average was related to the increasing trend noted most noticeably at location 37. As well,
location 91-I had also shown initial variable elevated chloride. In addition, the chloride concentration at location 95
was elevated until early 2012 when an abrupt decrease occurred. This monitor was relocated, in the winter of
2012, approximately 5 m to the east to facilitate the construction of the new road. In late 2011, locations 37 and 92
were re-located to facilitate the development on the adjacent property. Initial water quality from location 37
indicated much lower chloride concentrations than at the original location, however, the new shallow bedrock
monitor at location 96 exhibited elevated chloride concentrations compared to monitor 92-1 and replaced location
37R, although they have now shown a decreasing trend. Further, monitor 50-I had an increase in chloride into late
2013 with concentrations continuing now at these levels into 2018. These will be discussed further below. No
other leachate indicator parameters showed any changes. As this was the case, new monitor 96-11 was excluded
from the Table 6.

Long term trends based on the critical leachate indicator parameters boron and chloride have been evaluated.
Figures 18 and 19 are the trends for bedrock quality north and south of the site. Figure 18 illustrates the boron
trends. As discussed in the past, during a laboratory change in mid-1993, boron concentrations became scattered.
In 1995, this scatter began to show a consistent but stable trend. This trend has persisted into 2018. There is no
indication of leachate impacts in the bedrock groundwater based on boron alone.

Figure 19 illustrates the chloride trends. As discussed in the past, there was a slight scatter just after a laboratory
change in mid-1993, however, the chloride concentrations have exhibited very little variation over time. As stated in
previous reports, Location 37 was still exhibiting an increasing trend into the first half of 2011, as was originally
observed since 1994. Also, location 50-1, exhibited a slight increasing trend from 1994, which had become stable
at around 50 mg/L from 2003 to 2008, but has shown slightly higher concentrations since 2011, with a further
increase since 2013 and stabilizing by 2018. In 1998, chemical analysis of these locations showed that there might
be a slight shift in the chemistry towards a road salt or brine water signature at 37-1. As well, to a lesser extent, 50-I
was also showing a possible change in chemistry that may be starting to trend to a road salt or brine water
signature. In 2008, the data collected continued to show that this trend was occurring in 37-1 with a further shift
towards a road salt or brine water signature.

To address the increasing chloride in the above wells, an assessment to determine the possible source of these
increasing chloride concentrations was conducted (i.e., whether they were from a possible leachate source or from
another source). This assessment was discussed in the 2002 annual report.

As recommended by the MECP, six additional bedrock monitors were installed around the site including one
location west of location 37 (Figure 3, location 92) in 2003. Groundwater levels collected from these locations
continued to support the interpreted groundwater flow in the bedrock, along Eastview Road.

Further, the assessment of the geology immediately southwest of location 37, at location 92, showed that the
bedrock surface was higher, inferring that an incised bedrock low trends though the site. This information suggests
that locations 37 and 50 would be upgradient of the landfill, as in past interpretations. This was further confirmed in
the interim report on the further assessment of location 37/50. However, even though the MECP reviewer agrees
that this interpretation is valid, groundwater flow could also be interpreted as potentially away from the landfill. This
concern was raised based on the continued increase of chloride at location 37-1 and the fact that 37-1 could be
interpreted to be upgradient of 50-I.

Based on the above, it was recommended that further investigation in this area was needed to better refine
groundwater flow. Therefore, three additional bedrock locations were completed in the area around Location 37/50,
including near the former scale house, as requested by the MECP. These locations were completed in September
2007 and were designated 93-1, 94-1 and 95-1 (Figure 3). The construction of these monitors was similar to that of
37-1, which was originally drilled as a water well and had an open hole to around 5 m deep. The intent was to be
able to compare these additional locations with 37-1. A further refinement of the groundwater flow based on the new
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locations was completed as part of the interim report assessment and was discussed in previous reports. A
summary of the water quality result assessment as discussed in this interim report is provided below.

Water quality sampling has been conducted at the newer locations at a frequency of four times a year, starting in
November 2007. Review of these data continues to show that the chloride concentrations at 37-1 had continued to
increase as discussed in previous annual reports. Since 1995, concentrations have increased from around

10 mg/L to around 300 mg/L in 2008 and 2009. A minor increase of chloride was also noted at 50-1 where chloride
concentrations increased from around 20 mg/L in 1995 to around 60 to 70 mg/L in 2008 and 2009.

The data collected from these locations show that monitors 93-1 and 94-1 have chloride concentrations that are very
low and similar to background (around 1-4 mg/L). Whereas, monitor 95-1 has concentrations that were slightly
higher than the concentrations at monitor 50-I (around 70-100 mg/L). Overall, the water quality observed continues
to indicate an off-site source. This is demonstrated at monitor 94-I, located closer to the landfill, which has
significantly lower chloride concentrations than monitors 37-1, 95-1 and 50-I. If the source of the chloride at monitor
37-1 was landfill related, it would be generally expected that the monitor closer to the source would also be
impacted. Further, monitor 95-1 exhibited slightly higher chloride concentrations than at the downgradient monitor
50-I, which may also suggest an upgradient source. In 2005, the public well (P13, MOECC #6701123) located
upgradient and southwest of locations 37/50 on Eastview Road was added to the semi-annual residential well
monitoring program until it this program was discontinued in 2009. Chloride concentrations at this well were around
80 to 90 mg/L to as high as 105 mg/L in November 2006. These concentrations were on average slightly higher
than both monitors 95-1 and 50-I. As this public well is considered upgradient of the landfill, this appeared to further
supports an off-site chloride source.

As stated earlier, the elevated and increasing trend at monitor 37-1 did not appear to be landfill related. In the 2002
assessment, the review of the water quality indicated that it was trending towards a road salt/mineralized signature.
The current data collected up to 2009 had confirmed this since the change in water quality has now trended to a
road salt signature, further indicating a non-landfill source. The reason for the continued increase and highly
elevated chloride at this location only is unknown. The monitors (94-1 and 95-I) installed in the same
hydrogeological stratigraphic interval are found to have significantly lower chloride concentrations and, in the case
of 94-1 (closer to the landfill), are at background levels. Therefore, it was concluded that the water quality at 37-I
appeared to be highly suspect.

Based on discussions with MECP reviewer on this interim report, it was agreed that both wells, deep and shallow
upper bedrock at location 37, be decommissioned and replaced with a proper monitor construction located just
inside of the fence line on the landfill property. In addition, a shallow upper bedrock monitor was to be completed at
92-I. Location 37 was decommissioned and re-located in November/December 2011 in accordance with the MECP
request. The monitors at this location were designated 37-IR (shallow) and 37-1IR (deep). Further, original location
92-1 was also re-located due to development activities in November 2011 to a new location further to the east
outside the area of development. The recommended shallow well was completed in February 2012. The new
monitors at this location were designated 96-1 (deep) and 96-II (shallow). All new locations were incorporated into
the monitoring program in 2012 and are shown on Figure 3.

Water quality results from location 37R, exhibit significantly lower major ions, specifically chloride than at original
Location 37. Chloride was generally 30 mg/L or lower in both the deep (37-II) and shallow (37-IR) upper bedrock.
It should be noted that the screened interval and stratigraphic depth at 37-IR is the same as the original 37-I,
although 37-IR is constructed of a PVC pipe with clay grout seal to surface, whereas 37-1 was comprised of an
open bedrock hole with a steel casing to surface (i.e., old water well construction). This now suggest that the higher
chloride concentrations observed may have been partially related to leakage around the steel casing. These
concentrations are also significantly lower than at Location 50, as well. Further data are required to better assess
the water quality in this area, but the results collected since installation have indicated an improvement in the water
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quality compared to the former Location 37. It is recommended that these bedrock monitors continue to be part of
the quarterly monitoring events.

Initial water quality results for Location 96, indicate that the deep monitor (96-1) appears to have a similar water
quality (low chloride) to the former monitor 92-I, which it replaced. However, the new shallow monitor in the upper
bedrock is exhibiting elevated chloride, although significantly lower than at former 37-1. These concentrations were
initially stable at around 130 mg/L (37-1 had increased to a high of 359 mg/L) since it was installed but have
generally had been decreasing, seasonally since 2015, and have had lows dropping to 65 mg/L by the end of 2015.
Since this time, concentrations have shown some variability from around 100 mg/L to 63 mg/L, with no observable
increasing/decreasing trend. As stated earlier, based on the review of the geology, this location may be within a
suspected bedrock incised low in this area. As discussed earlier, a further hydrogeological/geological assessment
was undertaken to review and revise the geological model with respect to groundwater in the deep and shallow
bedrock. This assessment provided a re-evaluation of the water quality in the in the western area including the
updated information from Location 37R and location 96.

As part of this re-assessment, the water quality results were further evaluated. Historically, water quality signatures
at location 37/50 were assessed through piper plots, which indicated that they were trending towards a more
mineralized signature and did not appear to be related to the landfill. Although these trends have continued over
time, a further review of the water quality trends was undertaken at the former 37-1 and 50-I with respect to other
landfill indicators, most notably alkalinity, along with a comparison of the new and replacement locations, including
location 96. This assessment summarized below.

Location 37 and new location 37R were reviewed for chloride and alkalinity trends. Alkalinity was selected in this
assessment since, like chloride, it is also elevated to highly elevated in the landfill leachate. Figure 20 presents the
trends for chloride and alkalinity for these locations. As observed, this figure once again shows the strong chloride
increase that occurred at 37-I since the early 1990s. Although chloride was increasing, alkalinity actually began to
show a decreasing trend during the same period. Also, when chloride began to increase more rapidly, alkalinity
also decreased further. It would be expected that, should the change in the chloride be related to the landfill
leachate, that alkalinity would also start to increase over time. Therefore, this observed trend is inconsistent with a
leachate source. Further, at the replacement location, the chloride was found to be significantly lower with alkalinity
higher, with no apparent trends since they were installed. Boron was also reviewed as it is considered a critical
indicator. It was found at low levels with no trend observed at 37 or 37R. The only noticeable change was that the
boron concentrations were even lower at 37R (<0.05 mg/L) than in former 37-1. Figure 21 is the chloride and
alkalinity plot for location 50. This figure also shows the increasing chloride trend at this location with a similar
alkalinity decrease relationship. As with location 37/37R, boron also showed no observable trend.

A full discussion of the water quality along the western area of the landfill is found in the assessment report
contained in Appendix F.

As mentioned earlier, location 95 had to be relocated to facilitate the construction of the new road for the adjacent
development in the winter of 2012. The intent was to relocate it approximately 5 m to the east, off the road
allowance, and reinstall with the same monitor installation as 95-1. Water quality collected from the replaced well
now exhibits much lower chloride concentrations than the original location and is more similar to 37-IR. The cause
of the lower chloride concentrations at this relocated location is unknown at this time but since the initial drop,
chloride has been increasing slightly into 2018. Further data are required to better assess the water quality in this
area.

In 2003, one of the additional locations (monitor 91-1) had also exhibited elevated chloride concentrations. This
location is situated upgradient of the landfill along Watson Road and therefore, the chloride did not appear related
to the landfill. On a few occasions, chloride concentrations observed were higher than those presently found at
monitor 37-1 at that time (up to about 190 mg/L). Periodically, elevated chloride continued to be observed at 91-I,
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generally following seasonal trends, to about 2009. Since this time, concentrations have been generally below
10 mg/L, with a high noted of 40 mg/L in July 2010. The cause of the earlier elevated concentrations is not known,
however, this location is upgradient of the site and elevated concentrations are not related to the landfill.

At monitor 4-IR, although there had been a subtle increasing trend noted since it was replaced in 1993 to about
2009 at around 50 mg/L, chloride/sodium has exhibited anomalous increases recently. The initial and most
significant chloride increase was in the spring of 2015 (170 mg/L) and then in the spring of 2016 (90 mg/L). The
cause of these increases are not apparent and further analysis does not indicate a leachate shift. Further, this
location is inferred to be upgradient of the landfill along Speedvale Avenue and chloride concentrations returned to
about 50 mg/L during subsequent monitoring events (although still reported, these concentration have been
removed from the long term trend graph). Further assessment of this trend in chloride and sodium will be
completed as more water quality data becomes available.

In conclusion, there is no indication of leachate impacts in the bedrock groundwater in the area of the landfill based
on chloride alone, although elevated and increasing chloride concentrations in some bedrock monitors will continue
to be assessed in the future.

It should be noted that during the assessment of the bedrock groundwater quality, all leachate indicator parameters
are used to determine if there are potential landfill impacts occurring. The evaluation of both critical leachate
indicator parameters chloride and boron is completed as chloride is very mobile and found at high levels in the
landfill leachate and boron, while less mobile than chloride, is only found in the landfill leachate. Due to the fact
that chloride can also come from other sources, if it is found to be increasing it would only act as an early warning
that a change is occurring that may be related to the landfill or some other source. However, should boron begin to
increase on its own or with chloride, it is a more reliable indication that landfill impacts are occurring. Therefore,
based on the above assessment of the critical leachate parameters boron and chloride, along with a full analysis of
all leachate indicator parameters, there is no indication of leachate impacts in the bedrock groundwater.

No leachate effects are observed in the bedrock groundwater, nor would it be expected based on the very slow rate
of groundwater flow downwards through the overlying tills.

Since leachate has not been detected in the bedrock, there can be no exceedance of Reasonable Use due to
landfill impacts. However, to further confirm this, groundwater quality at the bedrock locations downgradient of the
site have been compared to the B7 Guideline Limits (Table C8, Appendix C). As expected, there were no
parameters that exceeded the B7 limit in the bedrock, except for 17-I for iron. With respect to 17-I, iron had
consistently exceeded the B7 limits in the past. Similarly, 9A-I has also exceeded the B7 limit historically. These
are considered to be natural and not landfill related for two reasons:

a) the upgradient monitors, closer to the landfill, had lower iron concentrations; and
b)  the actual concentrations observed at monitor 17-1 is within the range observed in the background
monitors.

As requested by the MECP Technical reviewer, sampling of the deep bedrock was completed starting in the fall of
2015 at location 16 and 90 as well as the on-site well (P10). A sample was also collected during the spring, late
summer and fall of 2016 at location 16 and 90, as well as in the spring of 2016 at P10 before this well was
decommissioned. Water quality results from locations 16 and 90 have continued to be taken since this time to
obtain a long-term data set for these locations. Water quality results are provided Appendix C with historical results
also included for P10. Water quality results from P10 in the fall or 2015 and spring 2016 were found to be
comparable to historical results with low chloride (~2 mg/L), low alkalinity (~200 mg/L) and slightly elevated sodium
(~17 mg/L). Both 90-I and 16-VIII were generally similar but had slightly higher chloride and sodium as well as
potassium. Water quality results since sampling began in late 2015 has remained similar with no observable
trends. Water quality at 90-I exhibits low chloride (~4 mg/L), low alkalinity (120 mg/L), elevated sodium (~35 mg/L)
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and elevated potassium (~40 mg/L). Water quality at 16-VIII exhibits low chloride (~10 mg/L), low alkalinity (~130
mg/L), elevated sodium (~22 mg/L) and low potassium (~9 mg/L). Water quality at location 90 and 16 will be
continue to be assessed as more data becomes available, although the current water quality is generally similar to
the long term water quality at P10 and similar to the shallow bedrock and does not indicate any potential effects
from the landfill.

452 Predicted Exceedances of Reasonable Use

The leachate in the waste, or in the outwash beneath the waste, can move very slowly downward through the till
and, eventually, into the bedrock aquifer. Although the groundwater flow in the till is very slow (a few centimetres
per year) and leachate will require a long time to reach the bedrock (several hundreds of years), it is still necessary
to demonstrate that the contaminant concentrations in the bedrock will remain within the limits dictated in Guideline
B-7, the Reasonable Use Guideline (RUG).

Two methods of predicting impacts on groundwater quality are used at the site: the leachate hydraulic target
elevations, and monitoring of the water quality in the till above the bedrock. Each is discussed below.

4.5.2.1 Target Elevations

At the Eastview Road Landfill Site, the RUG predictions for the bedrock aquifer were made using a computer model
called POLLUTE. A series of modelling runs was completed to back-calculate the leachate water level elevations
that need to be maintained beneath the landfill, through operation of the PLCCS, to ensure that the RUG is
ultimately met in the bedrock (Gartner Lee, 1993c). These are called the target elevations. Leachate water level
elevations in the outwash beneath the waste are measured monthly and compared to target elevations.

Section 3.6.2 in the Gartner Lee report provides a detailed analysis of the target elevations. In previous years,
most areas within the landfill met their target elevations and, therefore, RUG will be met in the bedrock beneath
these areas.

A few small, localized areas of the landfill have not met their target elevations over the years, either occasionally or
consistently (Section 3.6.2 of the Gartner Lee report), specifically: monitor 51-11, and monitors 62 through 67.
Monitor 59 technically does not meet its target elevation as well, but field investigations in 1995 determined that its
water level was anomalous compared to monitors at surrounding locations 62 through 67, which are used in the
assessment (see the 1997 revised modelling report for more details). Monitoring has, however, demonstrated that
the impacts in the outwash below the waste are significantly lower than were assumed in the original POLLUTE
modelling, to the extent that RUG can be met in the bedrock despite not meeting the original target elevations at
some locations. Based on recommendations made in the 1995 Annual Report*, further POLLUTE modelling was
conducted in late 1996 and early 1997 with the more up-to-date data to confirm that RUG will be met (Re-Modelling
of Leachate Migration in the Tills — Eastview Road Landfill, GLL 96-362 dated May 1997). A brief discussion of the
findings of this modelling exercise is provided below for the reader’s benefit.

The original modelling incorporated conservative contaminant concentrations for boron and chloride with the
smaller database available in 1992. These concentrations were 20 and 45 mg/L for boron and 1,550 mg/L for
chloride. However, the addition of several landfill monitoring locations (15) in both the waste and the outwash
beneath the waste that had been sampled over three to five years, up to 1996, showed that the leachate quality
concentrations were significantly lower than the original contaminant concentrations employed. This is strongly
demonstrated in the groundwater quality in the outwash beneath the waste. Monitoring of the outwash beneath the
waste has shown that on average boron was about 3 mg/L and chloride was about 350 mg/L since 1994. However,
locally some monitors had shown boron and chloride highs of 14.7 mg/L and 960 mg/L, respectively.

4. 1995 Annual Report - Section 6.2.3.3, Page 110.
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To better determine if the localized areas that did not meet, or periodically did not meet, their target elevations
would contribute to future RUG exceedance at the bedrock, the POLLUTE modelling was revisited with the more
up-to-date data, at that time. To provide conservatism in the model, a concentration for boron of 8 mg/L was used.
This concentration was used due to the fluctuations observed at certain locations as stated above. As well, the
groundwater elevations used in the model were based on the higher than normal levels observed during 1996 in
the outwash below the waste.

POLLUTE modelling was revisited in the northeast area of the landfill (locations 62 through 67) as well as at
location 55 and at location 51. Each location was modelled using the original concentration of 20 mg/L, the
conservative concentration of 8 mg/L and the actual average concentration from 1995. The results of the study are
outlined in the report “Re-Modelling of Leachate Migration in the Tills - Eastview Road Landfill” (GLL 96-362 dated
May 1997). The study concluded that there would be no exceedance of the Reasonable Use Guideline
concentrations in the bedrock below locations 51, 55 and the northeast area of the landfill, even though original
target elevations were not attained. Below is a brief discussion on the monitors that once again did not meet their
target elevations, with reference to the revised modelling results (Gartner Lee, 1997), to determine whether or not
the failure to meet the target elevations could result in a future exceedance of RUG in the bedrock aquifer.

Location 51

Monitor 51-11 did not meet its target elevations as predicted. The boron concentrations in the outwash below the
landfill in monitor 51-11 were marginally lower, averaging 5.7 mg/L in 2018, compared to 6.27 mg/L (1995) used in
the revised modelling assessment in 1997, and the 20 mg/L that was used to set the original target elevation. The
average downward gradient in 2018 at this monitor was about 0.16 m/m, which translates into a downward velocity
of about 3.08 cm/a, which is higher than historical and is related to the revised bedrock surface.

Given the fact that the water levels were slightly above the target elevation, and the boron concentration is
marginally lower than in 1995, there is still little overall concern regarding RUG at this location. (Note that the
revised 1997 modelling showed that all scenarios, including boron concentrations as high as 20 mg/L, still resulted
in RUG compliance.) As this is the case, a further assessment with the POLLUTE model is not warranted at this
time.

Location 63

Since 1996, the average concentration of boron in the outwash at this location was well below the Reasonable Use
limit of 1.225 mg/L. Therefore, the B7 limit would also be met in the bedrock below this location regardless of
whether or not the target elevation is met. Between 1998 and 2006, samples could not be obtained from this
monitor, due to very low water levels. This shows that the leachate had been substantially drawn down in this area,
which shows the effectiveness of the PLCCS. As well, the boron concentration would be expected to be similar to
historical concentrations, which were very low and decreasing since the monitor was installed in 1995. Although
this had been the case, with the slight increase in water levels since the spring of 2007, samples were once again
obtained from this location. In 2018, the average boron concentration was 0.41 mg/L. Therefore, the RUG will also
be met in the bedrock below this location regardless of whether or not the target elevation is met.

Location 65
Similar to Location 63 above, the average concentration of boron in the outwash at this location continues to be

well below the Reasonable Use limit of 1.225 mg/L in 2018 at 0.33 mg/L. Therefore, the RUG will also be met in
the bedrock below this location regardless of whether or not the target elevation is met.
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Location 66-1R

As with Locations 63 and 65 above, the average concentration of boron in the outwash at this location had been
well below the Reasonable Use limit of 1.225 mg/L since 1996. Therefore, the RUG would also be met in the
bedrock below this location regardless of whether or not the target elevation is met. As with monitor 63-I, samples
could not be collected since late 1998 due to very low water levels. However, it was expected that this location still
meets the RUG due to the very low boron concentrations observed since it was installed in 1995 (the last boron
concentration in Sept 1998 was 0.17 mg/L). This monitor was replaced in April 2007 and is now designated 66-IR.
The boron concentration in spring of 2013 was 0.67 mg/L, which was well below the RUP. The fall 2013 boron
concentration at 66-IR was found to be 3.6 mg/L. This concentration was originally considered anomalous as
historical concentrations mentioned above have always been low, however the boron increased into 2014 at an
average 6.2 mg/L. In 2017, boron decreased slightly to an average of 4.35 mg/L from 5.2 mg/L in 2016 and was
also lower than 2014. In 2018, only one sample could be collected due to insufficient volume (water level close to
bottom of the monitor). The boron concentration was 5.6 mg/L, which was still lower than in 2014. Although this is
the case, the revised 1997 modelling showed that all scenarios, including boron concentrations as high as 20 mg/L
still resulted in RUG compliance. Therefore, the RUG would be met.

Location 67

Based on the initial boron concentration of 45.35 mg/L, the revised modelling in 1997 indicated that this location
could eventually (in about 300 years) exceed the B7 limit in the bedrock. However, it was suspected that this initial
boron concentration was not representative and there were already trends at that time suggesting that it would
quickly decrease to a point below about 14 mg/L where the B7 limit would be achieved. In fact, that is what did
happen. By 2000, the measured boron concentration at this location was 2.67 mg/L. As with locations 63 and 66,
this location had been essentially dry since 2001 (insufficient volume for sampling). During this period, it was
reasonable to assume that there would still be similar boron concentrations in this area, and therefore, the RUG wiill
be met. As with 63-1, the slight increase in water levels at location 67-1 allowed sampling to resume in 2007.
Similar to monitor 66-IR, and to a lesser extent 63-1, boron at 67-I also increased in 2014 from 5.9 mg/L to an
average of 13.5 mg/L. Since this time the boron has once again decreased and was 3.2 mg/L in 2018. This
average concentration is much lower than the 14 mg/L used in the revised modelling assessment in 1997.

Notwithstanding the above assessment, it is important to recognize that while the location-by-location assessment
of target elevations is a useful guide to the effectiveness of the PLCCS in different parts of the landfill site,
Reasonable Use compliance in the bedrock aquifer is applied at the site boundary, so there is a mixing, or
averaging, effect that will occur in the groundwater flow system. The revised modelling assessment in 1997
recognized this and modelled the overall effects at the site under long-term average conditions, concluding that the
“overall average boron concentrations in the bedrock aquifer will remain well within Reasonable Use Guidelines”

(p.9).

Based on the assessment of target elevations at individual locations, and the overall assessment for the site, future
Reasonable Use exceedances in the bedrock aquifer are not predicted.

45.2.2 Lower Till Groundwater Quality

Sampling and testing the water quality in the lower till provides a predictive “early warning” of any leachate
movement towards the bedrock aquifer. Because of the very slow rate of downward flow in the tills beneath the
landfill, as noted above, no leachate should be detected in the lower till in 2018 or for many more years in the
future.

A summary of groundwater quality in the lower till during 2018 is provided in Table 7 and is similar to previous
years. Spatially, the water quality is slightly variable but at each location it is stable (i.e., no apparent trends).
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Table 7: Summary of Lower Till Groundwater Quality During 2018

Lower Till Groundwater Quality

Parameters

Samples
General pH (pH units) 8.33 8.14 8.55 6
Conductivity (uS) 322 280 410 6
Alkalinity (mg/L) 175 150 210 6
Hardness (mg/L) 84 39 170 6
Critical Chloride (mg/L) <2 1 2.4 6
Indicators  [goron (mg/L) 0.12 0.043 0.3 6
Phenol (ug/L) <1 <1 <1 6
lodide (mg/L) <0.1 <0.1 <0.1 6
Leachate Calcium (mg/L) 18 11 28 6
Indicators  godium (mg/L) 37 15 53 6
Magnesium (mg/L) 9.9 2.4 25 6
Potassium (mg/L) 0.68 0.5 0.84 6
Iron (mg/L) <0.18 <0.1 0.47 6
Manganese (mg/L) 0.02 0.0064 0.031 6
Ammonia (mg/L) 0.27 0.16 0.34 6
Other Sulphate (mg/L) <6 <1 14 6
Constituents [gromide <1 <1 <1 6
Nitrate (mg/L) <0.13 <0.1 0.26 6
Nitrite (mg/L) <0.01 <0.01 0.023 6

To assess long term groundwater quality in the lower till as it relates to possible downward groundwater flow,
vertical profiles for till monitors and associated bedrock monitors were prepared for selected locations. The
groundwater parameters selected for these trends were the critical leachate indicators boron and chloride. The
locations were selected to provide background (4, 13 and 19) and locations where there is the possibility of
downward migration of contamination (11, 15, 16, 53 and 60). The profiles are provided in Appendix C; Figures C7
to C10 are for chloride, Figures C11 to C14 are for boron and Figures C15 to C18 illustrates the remaining critical
leachate indicator parameter phenol.

Historical trend evaluation has been discussed previously. Chloride concentrations at most locations during 2018
are stable and similar to previous years. There is no indication of any leachate impacts in the lower till. However,
there are two locations (4 and 53) that warrant further discussion as provided below. These locations were not
included in the above statistics.

The first is location 4. In 1999, chloride and sodium were slightly higher compared to historical trends in monitor 4-
II. The assessment of this increase, at the time, did not show it to be related to leachate impacts. These slightly
higher concentrations generally persisted to about 2002 with some apparent seasonal decreases. In 2003,
concentrations increased to their highest levels (chloride 82.1 mg/L), at that time, in the spring but decreased again
in the fall. During 2004, these concentrations increased again and by August were at their highest levels ever
recorded (chloride 108 mg/L). Further evaluation of the water quality in 2004 indicated a shift to dilute road salt
effects. In 2005, chloride concentrations began to decrease again, however, over the long term the overall trend
was showing an increase. It is known that the shallow monitor is highly impacted by road salt (4-1lIR). Therefore,
based on the changes since 1999 and in 2004, it was concluded that there has been slow leakage through the seal
at this monitor. A similar situation was also observed in the early 1990s in the original bedrock monitor (4-1), which
was ultimately replaced in 1993. Monitor 4-Il, in the lower till, was replaced in April 2007. Water quality results
collected for the three subsequent monitoring events in 2007 had shown a significant change in the chloride

RPT_2019-04-24_Finaleastview 2018 Report_60598827.Docx 31



AECOM City of Guelph

2018 Annual Report
Closed Eastview Road Landfill Site

concentration, which decreased to about 50 to 60 mg/L and persisted into 2008. In 2011, a slight increase was
noted, as well as an anomalous increase in the fall. In 2013, concentrations continued to drop but were still above
the 2008 levels, although not as high as those observed before the replacement. Concentrations remained stable at
these higher levels throughout 2015 (~90 mg/L), with a decrease in the spring to 48 mg/L followed by an increase
to 130 mg/L in the fall of 2016 with another increase to 160 mg/L in the fall of 2017. In 2018, chloride has
decreased slightly to between 96 to 150 mg/L, respectively in the spring and fall. Continued assessment of this
location is warranted. Although changes appear to be occurring, Location 4 is considered up gradient of the landfill
and PLCCS.

The second location is 53/C2. In late 2003, it was noted that chloride concentrations seemed to increase slightly at
53-11. At the time, it was not considered a concern as it was within the historical range for this location. However
during 2004, chloride, and to a lesser degree sodium, calcium, magnesium and sulphate, increased significantly. In
fact, the chloride concentration in June of 2004 was similar to that of C2-1 in the overlying outwash. It was noted
during this period that the water levels also increased by about 1.5 m. It had therefore been concluded, as
discussed earlier, that the seal in this monitor was compromised. This location was also replaced in April 2007.
Review of the chloride concentration from the three subsequent monitoring events indicated that the levels
decreased over those observed in 2006 (66 mg/L in June 2006 and 25 mg/L in November 2007), although they
were still above historical concentrations. In 2008, chloride levels further decreased to around 20 mg/L. These
lower concentrations persisted in to 2015 with a slight increase to 37 mg/L in late 2015. Since this time, chloride
concentrations are generally between about 27 to 40 mg/L. Itis expected that some residual chloride is still present
after the replacement of this monitor and that this should clear over time.

Further to the above, a change in water quality in the lower till monitor 60-1 was observed in the fall of 2011 that had
persisted into 2017, although overall the water quality does appear to be trending back to historical concentrations.
In some cases, there was a decrease in parameter concentrations and for others, an increase or spike, most
noticeably ammonia, phenols, iron, calcium and, to a lesser degree, chloride and potassium. A similar change was
also noted in the intermediate monitor 60-Il. This location is on-site directly adjacent to the landfill along the
western access road (Figure 3). The shallow monitor at this location does exhibit leachate effects with shallow
groundwater flow directed from here to the PLCCS. This location is also adjacent to the park footprint and,
although not within the footprint, some excavation activities were conducted in this area as observed by landfill staff
in 2011 (location was now in a depression). Due to this, flooding was noted in the spring so the monitors were
extended and the depression filled in. Based on the above, these monitors may have been compromised due to
the initial construction activities in 2011. If these changes (increase) persist, this location may need to be replaced
as 60-I is monitoring the lower till adjacent to the landfill. It appears that decreases in parameter concentrations
have been occurring since 2013, which appears to have stabilized into 2018, therefore, no action is required at this
time.

These trends do not indicate any leachate impacts in the lower till.

In conclusion, the 2018 chemistry and the vertical profile trends do not indicate any presence of leachate impacts in
the lower till. Therefore, it is not predicted that Reasonable Use will be exceeded in the bedrock groundwater.

4.6 Need to Implement Contingency Plans

The groundwater analysis discussed previously in this section indicates that there are no leachate effects related to
the landfill in the shallow groundwater system (other than residual contamination pre-dating the PLCCS), in the
lower till or in the bedrock. Therefore, there is no need to implement any contingency plans.
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4.7 Adequacy of the Monitoring Program and Recommended
Changes

The current revised monitoring program is adequate for the site. No changes are recommended.
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5. Surface Water Monitoring

The surface water monitoring program in and around the Eastview Road Landfill site consists of nine (9) monitoring
stations. The purpose of this program is to establish the surface water quality entering the site, leaving the site,
and downstream from the site. Background water quality is also determined by monitoring two stations in adjacent
watersheds.

Comparisons are made between the nine stations to determine if the landfill is impacting surface water quality or if
the quality is changing over time. The laboratory results are compared against water quality targets established by
Gartner Lee Limited (1993d), Provincial Water Quality Objectives (PWQO) (MOE 1999), and data collected at the
stations since 1992. Surface water quality results for at least the past six years are provided in Table C3, Appendix
C. Asrequested by the MECP, the laboratory was contacted to provide a lower detection limit for nickel so that it
could be compared to the PWQO. Starting in 2011, water quality results reflect this lower detection limit.

5.1 Objectives

The objectives of the surface water monitoring program are (Gartner Lee Limited, 1993d):

a) to assess whether the landfill is in compliance with surface water quality policies of the MOECC,;

b) to evaluate the effectiveness of the perimeter leachate containment and collection system in
preventing leachate impacts in Hadati Creek;

c) to evaluate the effectiveness of sediment control measures in reducing total suspended solids
concentrations to the wetland in the southeast part of the site; and

d) to provide a mechanism which will trigger the implementation of a contingency plan in the event
that the landfill is not in compliance with the surface water policies of the MOECC.

5.2 Sampling Methodology and Site Descriptions

Nine monitoring stations (Figure 22) are routinely sampled; however, parameter analyses vary between the
stations. A typical sampling event consists of measuring field parameters (pH, conductivity, dissolved oxygen and
temperature) as well as collecting water samples and delivering them to a certified laboratory on the same day for
analysis for the designated parameters. In 2018, City of Guelph staff collected the water samples and Maxxam
Analytics performed the water quality analyses.

5.2.1 Background Water Quality Stations

Stations SW15, SW7 and SW5 represent background water quality from different watersheds in the vicinity of the
landfill.

SW15 is located in an adjacent watershed on the southeast side of Speedvale Avenue, northeast of the landfill
property boundary at Watson Road.

SW7, also located in an adjacent watershed, is on the northeast side of Watson Road approximately halfway

between Eastview Road and Grange Road. Due to the housing construction activities along Watson Road, it is
most likely this station will become more representative of background rural/urban use.
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SWS5 is located at the upstream end of the ditch on the southwest side of the landfill property, near the culvert that
crosses under Speedvale Avenue. This is the only surface water flow path entering the site under normal flow
conditions and represents background water quality, upstream of the landfill.

5.2.2 On-Site Water/Downstream Quality Stations

SW1 is located along the southwest ditch at the storm sewer inlet near the landfill entrance off Eastview Road.
Water quality at this location indicates the contributions (if any) from the landfill to the southwest ditch by
comparison with results from SW5.

SW16 is located at the storm sewer outlet on the southeast side of Eastview Road near the landfill entrance, and
indicates the contributions (if any) of drainage from the southwest ditch to Hadati Creek. This site is located
downstream of the confluence with the Eastview Road ditch (SW2) and the southwest ditch (SW1).

SW24 was located within the landfill site where runoff could be received during wet weather events from the landfill
and former borrow pit (now the park). A series of two rock check dams were installed in 1997 to allow suspended
sediments to settle out of the runoff prior to discharging from the site. As part of the completion of the Eastview
Community Park, two stormwater ponds were added and an upgrade to the check dams was completed in 2014.
Sampling of the new ponds was undertaken in 2014 to assess baseline data. When flow is observed through the
check dams, total suspended solids (TSS) samples are to be taken. One set of samples was collected in 2018
from the stormwater ponds in the fall as sufficient flow was observed over the check dams. The check dams were
dry during the remainder of the sampling events.

SW4 is located in a drainage ditch at the outlet of the wetland, downstream of SW24 and on the northwest side of
Eastview Road.

523 Downstream Surface Water Stations

SW3A is downstream of SW16 in the landfill in Hadati Creek, on the southeast side of Eastview Road. The results
from this station are compared, as required by the surface water trigger, against the established Provincial Water
Quiality Objectives (PWQOs) and the Initial Action Levels (IALS).

5.3 2018 Sampling Program

Total precipitation during 2018 was 938 mm, which is similar to the long-term average annual precipitation of

9145 mm. January, February, April, August, October and November experienced more precipitation than normal
with the remainder of the months experiencing less than normal precipitation (Appendix E). The mean monthly
temperature was 7.6 C, which is slightly higher than the long-term average mean temperature of 6.7°C, but similar
to that observed in 2017, 2016, 2012, 2006 and 2001.

Evapotranspiration in 2018 was calculated to be 422 mm, which is slightly lower than the long-term average annual
evapotranspiration of 513°* mm. The 2018 water surplus (the amount of precipitation remaining after
evapotranspiration is subtracted) available for runoff and infiltration was 516 mm, which is higher than the long-term
average of 4017 mm. The range of annual water surplus is estimated to be from 207 mm to 480 mm per year, thus
the overall surplus water for 2018 exceeded the long-term range. In summary, 2018 would be considered, overall,
a slightly wetter than normal year.

5. Long term average based on 20yr Normal (1994-2013) for Guelph Dam, revised from the 20yr Normal (1984-2003) of 881 mm.
6. Long term average based on 20yr Normal (1994-2013) for Guelph Dam, revised from the 20yr Normal (1984-2003) of 556 mm.
7. Long term average based on 20yr Normal (1994-2013) for Guelph Dam of 914-513 = 401 mm.
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The 2018 sampling program followed the protocol described by AECOM (2009). This included sampling of all
monitoring locations, four times a year (when sufficient flow occurs) starting with the Spring Freshet, if attainable.
These sampling events are outlined in Table 8.

Table 8: 2018 Surface Water Sampling Events

Date Sampled Sampling Event Comments
04-Apr-18 Spring Freshet All monitoring locations were sampled.
18-Jul-18 Summer Dry All monitoring locations were sampled.
31-Oct-18 Fall Wet Seven monitoring locations were sampled, including storm
ponds (SW 24A and SW 25M).
28-Nov-18 Fall Dry All monitoring locations were sampled

5.4 2018 Sampling Data

Surface water quality results for selected stations and parameters are presented in Table 9. The full surface water
data set and field measurements are included in Appendix C (Tables C3 and C4).

Critical Leachate Indicators

Gartner Lee Limited (1993d) defined Initial Action Levels (IALs) for five leachate indicator parameters (Table 10). If
the concentration of one or more of these parameters exceeds the IAL at SW3A (Hadati Creek), then a series of
actions is triggered. These actions include confirmation of the sample concentration within 30 days, followed by
additional testing and contingency plan implementation, if necessary. Details of this process are provided in
Gartner Lee Limited (1993d).

During all sampling events, un-ionized ammonia, phenol, chromium and nickel concentrations were generally at or
below their laboratory analytical detection limits and their initial action level (IAL) for each parameter at SW3A. The
laboratory will be notified to ensure they attain appropriate PWQO detection limits.

Phenol concentrations were below the PWQO (<0.001 mg/L) at SW3A and all other on site and downstream
stations. Historically, occasional spikes in phenols concentrations have generally been observed in the past at both
background and downstream stations and are not considered related to the landfill.

Un-ionized ammonia concentrations were calculated using field pH and temperature. At SW3A, downstream of the

landfill, the un-ionized ammonia concentrations were low (0.0001 — 0.0026 mg/L), and well below the IAL of
0.04 mg/L. Concentrations at all stations were low, during all 2018 sampling events and well below the PWQO.
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Table 9. Summary of Surface Water Quality, 2018 A=COM

SW5 Swi1 SW2 SW16 SW-3A
P aL ewoo Upstream of Landfill Upstream of Storm Culvert|Upstream of Storm Culvert| Storm Culvert Discharge | Downstream of Landfill
arameters Q (West Drainage Ditch) (West Drainage Ditch) Eastview Road Ditch (Hadati Creek) (Hadati Creek)
Min Max | Avg | N Min Max Avg N | Min Max Avg [ N | Min Max | Avg | N | Min Max | Avg [N
Field pH 6.5-85| 7.76 8.42 8.06 | 4 7.67 8.56 8.06 41 7.48 8.18 772 | 4| 7.48 8.27 768 | 4| 7.04 8.2 757 | 4
General Alkalinity - 74 170 129 4 160 270 213 4 110 200 158 4 150 200 170 | 4 170 210 188 |4
Hardness 81 250 160 4 210 330 275 4 130 260 188 4 170 250 205 41 200 270 235 |4
Lir;:;rgi?: 0.04 0.02 ]0.0004|0.0020(0.0013| 4 ]0.0005|0.0019| 0.0011 | 4 }0.0003| 0.0015 [0.0008( 4 }0.0001|0.0023|0.0009| 4 }0.0001]0.0026|0.0011( 4
Conductivity] 2,179 250 740 470 4 610 910 783 4 430 790 630 4 520 780 645 4 590 850 720 |4
'”'“icgl“on Chromium | 0.2 0.1 |<0.005|<0.005|<0.005| 4 |<0.005|<0.005| <0.005 | 4 |<0.005| <0.005 |<0.005| 4 |<0.005|<0.005|<0.005| 4 |<0.005|<0.005|<0.005| 4
Parameters Nickel 0.05 | 0.025 [<0.001[<0.001|<0.001| 4 |<0.001| 0.003 | <0.002 | 4 |<0.001| 0.0012 |<0.001| 4 |<0.001| 0.003 |<0.002| 4 |<0.001| 0.002 [<0.001| 4
Phenols 0.002 | 0.001 |<0.001|<0.001|<0.001| 4 |<0.001(<0.001]| <0.001| 4 |<0.001| <0.001 |<0.001{ 4 1<0.001|<0.001{<0.001| 4 ]|<0.001(<0.001|<0.001{ 4
TSS 2 5 4 4 2 70 21 4 2 8 4 4 2 7 4 4 2 14 9 4
Arr-:-r?ltg:]ia <0.05 0.1 <0.07 | 4 | <0.05 | 0.084 | <0.063| 4 10.064 | 0.094 | 0.079 | 4 ] <0.05| 0.12 [ <0.09| 4 | <0.05( 0.21 | <0.10 | 4
Boron 0.2 0.01 | 0.026 | 0.02 | 4 | 0.013 | 0.024 | 0.019 | 4 | 0.022 | 0.036 | 0.027 [ 4 | 0.015 | 0.03 | 0.023 | 4 | 0.016 | 0.03 | 0.025 | 4
Calcium 24 74 48 4 62 95 79 4 35 75 53 4 48 76 60 4 51 79 65 4
Chloride 21 91 52 4 72 120 97 4 50 130 85 4 62 110 84 4 71 110 94 4
Additional Iron 0.3 0.12 0.48 025 | 4 ] 0.12 0.97 0.36 41 0.23 0.88 0.5 41 0.21 0.79 042 (4] 0.23 0.78 0.46 | 4
Parameters Magnesium 4.5 17 105 | 4 16 26 20 4 8.9 18 13 4 12 18 15 4 13 18 16 4
Manganese 0.004 | 0.075 | 0.026 | 4 ] 0.011 | 0.15 | 0.061 | 4 | 0.026 | 0.061 | 0.042 | 4 ] 0.024 | 0.078 | 0.045 | 4 ] 0.028 | 0.11 | 0.056 | 4
Potassium 2 5.6 3.3 4 1.7 2.9 2.08 4 3 4.7 3.5 4 2.7 3.4 3 4 2.6 34 2.9 4
Sodium 15 55 32 4 44 62 55 4 33 83 54 4 39 65 52 4 39 66 54 4
Zinc 0.02 0.005 | 0.015 | 0.01 4 | 0.027 0.2 0.108 | 4 | 0.005 | 0.044 0.02 | 410019 | 0.04 | 0.031| 4]0.025(0.046 | 0.038 | 4

Notes: all units are mg/L except pH (unitless), temperature (°C) and conductivity (uS/cm)

IAL: Initial Action Level (GLL, 1993)

PWQO: Provincial Water Quality Objective (MOE, 1999)

Bolded values represent concentrations above PWQOs, Bold and Shaded values represent concentrations above the IALs and PWQOs

* Ammonia result considered suspect

(Surface water chem 2017 (Table9) / 3/27/2019 / 60598827)
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Table 10: Initial Action Levels for Leachate Indicator Parameters
Parameter ‘ Initial Action Level (IAL)

Un-ionized Ammonia (NHs) |0.04 mg/L

Chromium (Cr) 0.2 mg/L

Nickel (Ni) 0.050 mg/L

Phenols 0.002 mg/L

Conductivity 2179 uS/cm (2 x geometric mean of laboratory background concentrations)

At SW3A, the conductivity ranged from 590 — 850 uS/cm, and were well below the IAL value of 2,179 uS/cm during
all 2018 sampling events. At SW1 and SW16, concentrations were within historical background values and ranged
from 610 to 910 and 520 to 780 uS/cm, respectively. The highest conductivity measurement at SW5 (upstream of
landfill) was 740 puS/cm, which is comparable to the downstream stations and lower than the historical average for
this location (1,462 uS/cm?8). SW5 is located immediately downstream of Speedvale Avenue. Since SW5 is located
upstream of the landfill, it is not susceptible to landfill related influences. SW2 has been added to Table 9 as it
collected runoff along Eastview Road that is also directed into Hadati Creek via a culvert upstream of SW16. The
conductivity results at SW2 were generally similar to slightly higher compared to concentration observed at SW5.

Chloride concentrations parallel conductivity trends with higher chloride concentrations at stations adjacent/
downstream of roads than those at stations isolated/upstream of roads. A statistical summary of chloride
concentrations measured at the surface water stations since 1993 is provided in Table 11.

Table 11: Statistical Summary of Chloride Concentrations in Surface Waters Since 1993
Location Minimum Maximum Average Standard Number of
Description (mgl/L) (mgl/L) (mgl/L) Deviation (mg/L) | Observations
SW-15 Reference 21 180 41 20 92
SW-7 Reference 22 384 99 52 81
SW-5 Upstream 7.3 8,330 320 865 95
SW-1 On-site 33.3 154 98 23 108
SW-2 On-site 23 664 143 105 95
SW-16 Downstream 38.4 509 120 61 105
SW-3A Downstream 34 356 119 44 104

Note: Reference refers to a surface water station in an adjacent watershed from the site

54.1 Additional Parameters

Additional parameters are measured at the surface water stations in and around the site, and a summary of the
2018 analytical results are also shown in Table 9. Detailed results for all measured surface water parameters are
available in Appendix C (Tables C3 and C4).

No IALs have been established for these additional parameters as natural sources exist around the landfill site, or
aquatic toxicity information is lacking. However, comparisons of these parameters at different stations upstream
and downstream of the landfill site can be useful to indicate if the landfill is contributing any additional
concentrations to Hadati Creek. Furthermore, measured concentrations can be compared to the Provincial Water
Quality Objectives (PWQOSs), which have been established by the Ontario Ministry of the Environment (1999) as
guidelines and objectives for a variety of chemical and bacteriological parameters in surface water.

8. Average based on 1994 to 2017 laboratory conductivity results at SW5.
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Similar to previous years, zinc concentrations exceeded its PWQO (0.02 mg/L) at on- site stations and historically
at background stations. Zinc concentrations were above the PWQO in the southwestern drainage ditch (SW1 all
events), downstream in Hadati Creek (SW3A all events and SW16 three of four events) and the Eastview ditch
(SW2 one of four events). This is consistent with results found at the reference site SW7, where zinc was above
the PWQO during one of the four events as well. High concentrations in the reference (SW7) and upstream sites
(SW5), historically and in 2018, suggest that elevated concentrations of zinc occur naturally in this area. Zinc is not
an indicator of leachate at this site. The concentration of zinc was typically lower in the landfill leachate than those
found in the surface water samples. Possible sources of this metal include the surrounding soils, natural
groundwater discharge, automobiles on the adjacent roads, metals in culverts, debris near the watercourse, and
disturbed watercourse sediment in the samples.

Comparison of zinc concentrations measured at SW1 and SW16 found that, generally, concentrations measured
downstream are equal to or lower than those measured upstream (Figure 23).

Similar to zinc, iron exceeded its PWQO (0.30 mg/L) at every sampling location on one or more occasions in 2018.
Iron concentrations were above the PWQO in the southwestern drainage ditch (SW1 one of four events),
downstream in Hadati Creek (SW3A three of four events and SW16 two of four events), the Eastview ditch (SW2
three of four events) and the discharge to the site (SW5 one of four events). As well, iron was above the PWQO at
the background station reference site (SW7 three of four events) and background adjacent watershed (SW15 two
of four events). Concentrations of iron at the reference sites suggest that elevated concentrations of iron occur
naturally in this area. Possible sources of iron include the surrounding soils, automobiles on the adjacent roads,
metals in culverts, and disturbed watercourse sediment in the samples.

At all stations, during all 2018 sampling events, chromium, nickel and boron were below their PWQO (0.1 mg/L,
0.025 mg/L and 0.2 mg/L, respectively).

In summary, the 2018 data for the Eastview Road Landfill site showed similar trends to those observed in recent
years. None of the parameters exceeded their respective IAL values at SW3A. PWQO exceedances of zinc and
iron were once again observed, however these parameters are not indicators of leachate. Since the installation of
the leachate collection system in 1991, impacted groundwater has not been contributing to surface water flows at
the site, resulting in improved water quality than prior to the installation of the system.

5.4.2 Suspended Sediments

Historically, surface water sediment control was achieved using two crescent-shaped rock check dams lined with
filter cloth, constructed upstream of station SW24 on the existing channel. During rain events, the check dams
promote ponding of water between them, thus decreasing the flow velocity and allowing suspended sediment to
settle.

As part of the completion of the Eastview Community Park, two stormwater ponds were completed and an upgrade
to the check dams between the two ponds and at the downstream discharge point of the second pond was
completed in 2013. Sampling was conducted in 2014 at these ponds in July and August and TSS was found to be
low. Sampling was completed in the fall of 2018 as flow was observed from the ponds. The TSS in the ponds was
found to low between 13-15 mg/L.

As the landfill is final capped and vegetated and the park in the former borrow pit is also now vegetated and

completed, it is no longer expected that TSS will be a potential issue to the southeastern wetland. However,
sampling should still be completed if significant flowing conditions are observed from these ponds.
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5.4.3 Summary
The key highlights of the 2018 surface water sampling program include:

a) no parameters at SW3A exceeded their respective IAL during the 2018 monitoring period; and

b) the 2018 surface water chemistry results indicate that the landfill is causing no discernible effect
on downstream water quality;

5.5 Adequacy of the Monitoring Program and Recommended
Changes

The current revised program is considered adequate to assess potential effects. No changes are recommended.
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6. Landfill Gas Monitoring

This section describes the landfill gas monitoring program undertaken in 2018.

6.1 Gas Control System

An active gas control system has been in operation at the site since early 2004.

6.2 Landfill Gas Monitoring

The intent of the landfill gas monitoring program is to identify:

a) potential off-site migration of combustible gas; and
b)  potential health and safety risks in on-site structures.

6.2.1 On-Site Structure Monitoring
The former scale house (now site office), parks storage shed and the corporate building maintenance shed contain
methane detectors which activate when levels reach 20% LEL. To date, there have been no alarms triggered in
any on-site building.
6.3 Combustible Gas Monitoring Program
In 2018, combustible gas concentrations in subsurface soils continued to be measured at the following locations:
a) 16 “BH” series monitors, located in the fill area;
b) 5 “D” series monitors in the buffer zone between the fill area and sheet pile wall;
c) 13 “C” monitors located outside the sheet pile wall adjacent to the fill area;

d) 10 “BH” monitors located in the buffer zone near the property line; and
e) 6 “GP” probes adjacent to on-site buildings in the southwest corner of the site.

6.3.1 Monitors Within the Landfill (“BH” series)

Gas concentrations in “BH” monitors were measured in March and August 2018 as shown in Table D1 in Appendix
D. Methane can be expected in these monitor that are located in the landfill footprint.

Several monitors had methane detected in 2018 at generally low levels. Methane would not be unexpected in the

landfill but would be expected to be at much higher concentrations. The lower readings and/or non-detections are
related to the operation of the gas collection system and plant, which is extracting the methane gas from the landfill.

6.3.2 Monitors Adjacent to the PLCCS (C and D Series Monitors)

The “C” and “D” series probes monitor the performance of the PLCCS and are also suitable for gas concentration
measurement.
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The “D” series monitors are located between the PLCCS and the waste. “C” series monitors are located beyond the
PLCCS and sheet pile barrier wall.

West Side of the Site

Methane concentrations measured in west side “C” and “D” monitors are shown in Table D2 in Appendix D. West
side PLCCS manhole methane concentrations are tabulated in Table D7. All monitoring events in 2018 from west
side “C” and “D” monitors showed methane concentrations of 0%. Methane concentrations in west side PLCCS
measured 0% at most manholes, with the exception of MH 8W and MH 9W, which had recorded readings between
0.2 and 0.9% during the 2018 monitoring events.

Low methane concentrations in “C” series monitors may be expected on the west side of the site from time to time.
However, both the high water table and the sheet pile wall act as barriers to gas migration. Itis also likely that the
PLCCS intercepts landfill gas that may not be collected by the gas control system and vents it to the atmosphere.

South Side of the Site

Table D3 documents methane concentrations in south side “C” and “D” monitors. Table D6 tabulates south side
PLCCS manhole methane concentrations.

No methane gas was detected in the C series monitors along and outside the south PLCCS in 2018.
As observed historically, negligible to trace methane detections have been noted in the D3-I1 and D4-1. Detections of
methane gas at these locations would not be unexpected as they are installed between the PLCCS and waste, with the

highest generally noted at D3I, historically. No methane gas detections were observed in 2018 at D4-l and D5-I.

In the south PLCCS, negligible to trace methane detections were generally observed at MH 2S and MH 4S.
Methane was consistently recorded at trace levels at MH 7S and MH 8S.

The above noted trends continue to indicate that minor amounts of landfill gas tends to migrate from the waste
toward the PLCCS, most noticeably in the western leg, where it is intercepted and vented to the atmosphere.

6.3.3 Monitors in the Southwest Corner and along the Southern and Western
Boundary of the Site

Buffer Lands Near the Southern Property Boundary

Ten “BH” monitors are located in the landfill buffer zone to document gas concentration near the property boundary.
Monitoring results, as shown in Table D4 of Appendix D, indicate that landfill gas has not migrated to the property
boundary.

Southwest Corner of the Site

Six “GP” probes monitor for gas migration and soil-gas conditions adjacent to on-site buildings. Table D5 in
Appendix D presents methane measurements at the GP series probes.

At GP97-1, near the southwest property boundary, there was minor (0.3 to 0.8%) methane recorded during the two 2018
monitoring events. Historically, methane has not been detected or has been detected at negligible levels at this location
and it was therefore concluded that methane migration off-site is not occurring in this area. The 2018 reading, although
below 2.5% and lower than in 2017, still potentially indicates possible methane gas in this area. Continued scrutiny
should be taken at this location in 2019.
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At probe GP97-3, north of the Storage Building, gas concentrations in 2018 were measured to be below the LEL
during both events (0.3 to 1.6%).

At probe GP97-4, northeast of the Administration Building, there was only negligible gas measured (0 to 0.1%) in 2018.
At probe GP97-5, north of the maintenance shed, had no methane recorded during the 2018 monitoring events.
Probe GP00-06, in the flowerbed adjacent to the scale house, has had recorded methane concentrations above the
LEL during all monitoring events from February 2006 up to 2015. In 2016, methane concentrations dropped just

below the LEL during both monitoring events for the first time since 2006. This continued in 2018, where methane
concentrations in GP00-06 ranged from 0.8% to 2.8%.

At probe GP00-07 located adjacent to the Main pump station, there was only negligible (0.2%) to no methane
recorded during the 2018 sampling events.

In general, construction activities undertaken on-site or in buildings where gas may be present, should be
undertaken in accordance with the requirements of the Occupational Health and Safety Act and associated

regulations. Gas detection systems should continue to monitor for the presence of gas in buildings.

Western Property Boundary adjacent to the Development

In 2013, additional gas probes were completed along the southwestern and western property boundary to further
verify that no landfill gas was potentially migrating to the west towards the housing development that was being
completed as per the added Condition 8 (4) in the ECA amended in 2013 (included in Appendix H). A total of five
(5) probes were installed starting at the south west corner (two locations), near the former front entrance, and along
the property between landfill to the gas plant (two locations). Although the leachate collection system is installed
along the western boundary (as shown on Figure 3), an additional probe was still completed at the northwest
corner of the site for verification purposes. These probes have been monitored monthly since their installation and
as would be expected no methane gas has been detected to date, which has again been the case in 2018.

6.4 Measured or Predicted Off-Site Occurrences of Combustible
Gas
There have been no measured or predicted occurrences of methane migrating off-site to date. The monitoring

program undertaken in 2019 should continue to assess the potential for off-site gas migration. As this is the case,
no off-site methane gas of 0.05% by volume in any off-site building from the landfill would be expected.

6.5 Need to Implement Contingency Plans

Given the monitoring data and the physical setting of the site, there is a low likelihood of gas migration off-site.
Therefore, there is no need to implement a control system to address gas migration off-site.
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6.6 Adequacy of the Monitoring Programs and Recommended
Changes

6.6.1 Monitors within the Waste

Gas concentrations in BH series monitors within the fill area should continue to be measured at least once in the
summer and once in the winter to early spring. Additional data may be collected to assist in assessment of the gas
collection system operation.

The “C” and “D” probes should continue to be monitored for gas concentrations at least twice a year.

6.6.2 Buffer Lands near the Property Boundary

The ten “BH” probes, located in the buffer near the property boundary, should continue to be monitored at least
twice a year.

6.6.3 Southwest Corner of the Site

The GP probes in the southwest corner of the site should continue to be monitored at least twice a year for
methane.

6.6.4 PLCCS Gas Monitoring

The PLCCS manholes and pump stations should continue to be monitored at least twice a year for methane.
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Conclusions and Recommendations

71

7.1.1

7.1.2

Conclusions

Operations

a) During 2018, there were no complaints registered at the landfill.

b) Approximately 120,573 m?3 of leachate was collected in 2018 and conveyed to the sanitary sewer.

¢) The PLCCS is operating effectively to collect leachate, prevent its migration, and to minimize
leachate mounding within the landfill. Contingency plan implementation is not required at this time.

d) There is no evidence of gas migration off-site.

Monitoring

a) The quality of the leachate from the PLCCS that is discharged to the municipal sanitary sewer
remained within the Model Sewer Use By-Law Guidelines. The leachate CBODs, TKN and
hydraulic loads are expected to be within 1% of the corresponding WWTP influent loads, as
leachate quality remains similar to previous years, and thus would be insignificant.

b) Leachate quality in 2018 is generally similar to previous years. Higher concentrations are found in

the waste and the lower concentrations are found predominantly in the outwash beneath the waste.
The average critical leachate parameter concentrations are provided below:

Outwash Beneath Waste

Chloride* Chloride*

1994 3.0 364 22.9 1,579

1995 4.0 374 34.3 1,641

1996 3.83 348 21.0 1,530

1997 2.47 347 15.7 1,330

1998 2.53 371 15.54 1,418

1999 457 392 28.09 1,625

2000 2.16 363 22.77 1,926

2001 3.55 414 <0.43 27.3 2,358 2.20
2002 1.3 341 <0.47 22.5 2,268 2.22
2003 6.23 593 <0.73 16.7 1,705 1.80
2004 4.9 563 <0.92 17.2 1,516 1.79
2005 2.2 428 <0.46 21.8 1,524 1.82
2006 1.58 332 <1.4 20.34 1,670 1.50
2007 1.9 378 <0.57 17.5 1,325 1.8

2008 2.07 413 <0.81 14.6 1,322 2.1

2009 2.43 515 <0.84 27 2,129 <1.9
2010 2.46 714 0.76 27 2,333 2.2

2011 1.96 701 <0.63 28 2,273 1.8

2012 2.9 878 <0.93 27 2,150 1.9

2013 3 787 <0.94 22 2,200 2.2

2014 3.69 736 0.78 30.25 2,250 4.43**
2015 3.4 743 <0.71 25.5 2,225 2.4

2016 3.5 755 <0.76 25.5 2,300 2.2

RPT_2019-04-24_Finaleastview 2018 Report_60598827.Docx 45



AECOM

d)

e)

f)

9)

h)

)

City of Guelph
2018 Annual Report
Closed Eastview Road Landfill Site

2017 3.6 764 <0.97 26 2,325 <2.1
2018 3.3 779 <0.62 36 2,350 1.9
Note: * Concentrations in mg/L

ki Slightly elevated concentration related to anomalous value of 12 mg/L at 59-I, whereas

generally concentrations were 2 to 3 mg/L.
The slightly higher concentrations in the outwash beneath the waste since 2010 are due
to increases observed at 51-II.

Groundwater flow directions around the site are generally similar to previous years, however the
bedrock groundwater flow has been revised based on the current hydrogeological assessment.
Although the bedrock groundwater flow still remains similar to historic interpretations, there is more
flow coming into the site from the west along an interpreted incised bedrock low. Assessment of
vertical gradients towards the bedrock is now slightly higher than previous years due to the revised
bedrock surface elevations. Vertical gradients are, on average, very low and therefore, the
estimated downward flow velocity is also very slow, in the order of only a few centimetres per year.

Landfill leachate effects are contained on-site in the shallow groundwater system as the PLCCS is
working as designed. There was no exceedance of Guideline B7, the Reasonable Use Guideline
in the shallow groundwater attributable to leachate release in 2018.

If the PLCCS continues to work as designed to prevent any further off-site migration of leachate, no
new exceedances of Guideline B7 related to the landfill are predicted in the shallow groundwater.

The bedrock groundwater quality is similar to previous years. Further assessment of water quality
results from replacement Location 37R and former Location 37 was completed in the current hydro-
geological assessment. The conclusions of this assessment were that although the former location
37 had a strong increasing trend in chloride, the alkalinity (which is also highly elevated in leachate)
was decreasing. A similar relationship was also noted at Location 50. Therefore, this observed
trend is inconsistent with a leachate source. Further, at the replacement location (37R), the
chloride was found to be significantly lower than 37-1 with alkalinity concentrations higher, with no
apparent trends since they were installed. Water quality results from Location 96, indicates that
deep monitor (96-1) appears to have a similar water quality to the former monitor 92-1 (low chloride),
which it replaced. However, the new shallow monitor in the upper bedrock (96-11) is exhibiting
elevated chloride, although significantly lower than at former 37-1. Although chloride concentrations
are elevated, it had shown a decreasing trend since it was installed up to 2015. Since this time
concentrations have shown some variability, with no observable increasing/decreasing trend.

There is no indication of leachate in the bedrock groundwater, thus the Reasonable Use Guidelines
are being met.

Guideline B7, the Reasonable Use Guidelines, is predicted to be met in future bedrock groundwater
quality. Target elevations are being met in most areas within the landfill through the operation of the
PLCCS. Where target elevations are not being met, the criteria used in the modelling completed in
early 1997 were compared to the 2018 results and found to be similar. Therefore, the locations
where the target elevations are not being met would not cause Guideline B7, Reasonable Use
exceedances in the bedrock groundwater. In addition, the 2018 chemistry and vertical profile trends
observed in the lower till do not indicate any presence of leachate impacts, again suggesting that
Guideline B7, Reasonable Use will not be exceeded in bedrock groundwater.

The 2018 results show that the landfill has a negligible effect on downstream surface water quality.

There have been no measured or predicted occurrences of methane migrating off-site to date. As
this is the case, no off-site methane gas of 0.05% by volume in any off-site building from the landfill
would be expected.
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7.2 Response to the 2018 Recommendations

Below are the “Recommendations for 2018” contained in the 2017 Annual Report. Alongside each
recommendation (in bold text) are the actions taken to address these recommendations.

7.2.1 Operations

a) The City should continue to monitor gas concentrations in all GP probes and particularly probe
GPO00-06 and probe GP00-07. Remedial measures should be implemented as required in this area.

The gas probes were monitored twice in 2018 with no need for remedial measures.

7.2.2 Monitoring

a) As part of the completion of the Eastview Community Park, two stormwater ponds were added and
an upgrade to the check dams was completed in 2013. Sampling of the new pond will be
undertaken in 2018 to assess baseline data and, if flow is observed through the check dams, TSS
samples will be taken.

The stormwater ponds were sampled in the fall as flow was observed. No flow was
observed for the remainder of the year.

b) Need to assess Monitor 58-I for potential heaving of the monitoring pipe due to anomalously high
water levels observed in 2017.

Monitor 58-I was assessed in the early fall of 2018 and no apparent change could be
observed. It was recommended that a geodetic survey be completed to determine if this
monitor may have moved. A survey was completed in the early spring of 2019 and it was
found that the monitor had subsided by 0.84 m. Based on a review of the water levels, it
appeared that this subsidence occurred between January and March 2017. Therefore, the
new geodetic elevation was applied to the measured manual water levels starting in
February 2017 and the water levels trends became similar to historical.

7.3 Recommendations for 2019

The following are recommendations for 2019. (Note that these recommendations deal with issues other than the
requirements specified in the ECA/C of A for the site).

7.3.1 Operations

a) Although we have boundary gas probes in this area, the City should continue to monitor gas
concentrations in all GP probes and particularly probe GP00-06 and probe GP00-07.

7.3.2 Monitoring
a) As part of the completion of the Eastview Community Park, two stormwater ponds were added and

an upgrade to the check dams was completed in 2013. Sampling of the ponds should be
undertaken in 2019 if flow is observed through the check dams.
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval
(mm) (mm) (m) (MASL) (m) (m) (m)
2-1 P 32 0.66 343.75 98 - 104 - 0.1 0.3
2-1 S 32 0.37 343.50 02 - 46 - 0.1 0.2
3-1 S 32 0.79 344.35 03 - 6.1 - 0.1 0.3
4-IR P 50 0.76 346.17 194 - 209 19.10 - 20.90 0.0 19.1
4-11 P 32 0.54 345.90 136 - 14.0 - 11.3 12.2
4-1IR 203 P 51 0.82 345.93 119 - 137 11.90 - 13.70 0.0 11.9
4-11IR S 50 0.76 345.97 1.1 - 41 0.60 - 4.10 0.0 0.6
5-1 P 50 0.33 346.11 195 - 200 - 0.0 52
5-11 S 50 0.63 346.63 1.7 - 78 - 0.0 1.0
5-111 96 P 51 0.76 346.96 198 - 213 19.78 - 25.02 21.3 325
0 25.02
7-1 P 50 0.56 344.53 10.2 - 10.7 - 9.8 10.1
7-N S 32 0.43 344.40 08 - 6.9 - 0.0 0.5
8-1 P 50 0.59 344.26 99 - 103 - 7.0 9.6
8-l S 32 0.54 344.21 03 - 64 - 0.0 0.3
9A- 101 P 98 0.60 344.38 251 - 259 25.00 - 25.90 238 25.0 0.00 23.80
9-1 203.2 P 49 0.35 344.02 55 - 6.8 538 - 7.97 2.0 5.4 0.35 2.03
9-11 203.2 S 49 0.50 344.16 01 - 28 025 - 3.12 0.00 0.25
10-1 203.2 P 49 0.35 343.84 45 - 57 - 0.0 4.4 4.42 6.10
10-11 203.2 P 49 0.35 343.79 30 - 36 259 - 381 0.0 2.6
10-111 203.2 S 49 0.41 343.82 03 - 15 025 - 178 0.00 0.25
11-1 203.2 P 49 0.40 345.80 46 - 58 418 - 6.10 3.9 4.2 3.00 3.88
11-11 203.2 S 49 0.43 345.84 02 - 29 0.00 - 322
11-11 203.2 P 51 0.74 346.56 170 - 185 16.55 - 1852 0.0 16.6
12-1 203.2 P 49 0.57 345.34 55 - 6.7 544 - 7.04 4.7 5.4 0.15 4.70
12-11 203.2 P 49 0.58 345.34 32 - 38 310 - 3.78 15 3.1 0.30 1.52
12-11 203.2 S 49 0.55 345.43 09 - 21 030 - 229 0.0 0.3
13-1 76 P 49 0.30 344.63 244 - 256 2347 - 25091 0.0 235
13-11 203.2 P 49 0.48 344.81 195 - 201 19.00 - 20.09 0.0 19.0
13-111 203.2 P 49 0.58 344.98 76 - 88 747 - 9.09 6.4 75 5.94 6.40
13-1IvV 203.2 P 49 0.55 344.84 41 - 53 396 - 559 0.3 4.0
13-V 203.2 S 49 0.52 344.84 01 - 22 010 - 224

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19)
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval
(mm) (mm) (m) (MASL) (m) (m) (m) (m)
14-1 203.2 P 49 0.50 344.66 76 - 89 726 - 9.14 00 - 73 -
14-11 203.2 P 49 0.47 344.67 45 - 51 414 - 513 0.0 : 4.1 :
14-111 203.2 S 49 0.59 344.66 02 - 23 015 - 229 0.0 : 0.2 :
14-1IV 9 P 51 0.76 344.66 256 - 272 25.63 - 25.02 27.2 34.0
0 - 25.02 -
15-1 76 P 49 0.40 344.43 259 - 271 2499 - 27.43 00 - 250 -
15-11 73 P 49 0.54 344.55 19.8 - 210 19.20 - 21.94 0.0 19.2
15-111 203.2 P 49 0.20 344.18 9.0 - 102 8.48 - 10.67 0.0 85
15-1vV 203.2 P 49 0.47 344.43 56 - 6.8 544 - 731 0.0 : 5.4 :
15-V 203.2 S 49 0.26 344.27 01 - 23 013 - 226 0.0 : 0.1 :
16-1 203.2 P 49 0.58 344.34 13.0 - 151 12.60 - 1511 0.0 : 12.6 :
16-11 203.2 P 49 0.58 344.52 78 - 84 747 - 838 6.9 : 7.5 3.66 : 6.86
16-111 203.2 P 49 0.47 344.38 58 - 6.4 518 - 6.40 0.0 5.2
16-IV 203.2 P 49 0.57 344.44 38 - 44 376 - 457 2.1 38 0.30 2.13
16-V 203.2 S 49 0.43 344.46 03 - 24 015 - 244
16-VI 203.2 P 49 0.76 344.63 176 - 19.2 17.07 - 19.20 0.0 17.1
16-VII 96 P 51 0.76 344.22 255 - 270 2548 - 19.47 27.0 : 33.8 :
0 - 19.47 -
16-VIII 200 P 150 0.60 344.11 40.0 - 549 - - -
- 40 -
17-1 76 P 49 0.42 346.64 244 - 256 2346 - 2590 00 - 235 -
17-11 73 P 49 0.50 346.97 186 - 19.2 17.83 - 19.20 0.0 : 17.8 :
17-11 203.2 P 49 0.27 346.43 59 - 7.1 584 - 7.42 2.0 5.8 0.00 2.00
17-IV 203.2 S 49 0.64 346.88 05 - 42 122 - 420 0.00 1.22
18-1 203.2 P 49 0.63 344.26 84 - 96 892 - 9091 8.3 : 8.9 2.80 : 8.32
18-11 203 P 49 0.46 344.10 45 - 57 437 . 5097 36 4.4 3.00 3.60
18-111 203.2 S 49 0.63 344.22 01 - 29 0.15 - 288 : :
18-1vV 203.2 S 49 0.40 344.12 05 - 17 030 - 200 : :
19-1 76 P 49 0.34 349.70 246 - 258 2377 - 26.14 1.0 23.8
19-11 127 P 49 0.41 349.76 198 - 210 19.20 - 2134 5.8 : 19.2 0.30 : 5.79
19-111 127 P 49 0.46 349.78 137 - 150 12.95 - 1524 7.7 13.0 0.30 7.71
19-1IV 127 S 49 0.46 349.76 6.1 - 89 268 - 914 0.0 0.3 0.30 2.68
20-1 76 P 49 0.45 345.71 176 - 188 16.77 - 19.13 0.0 : 16.8 :
20-IR 96 P 51 1.17 349.36 206 - 221 19.97 - 22.09 0.0 : 20.0 :

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19)
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval
(mm) (mm) (m) (MASL) (m) (m) (m) (m)
20-11 191 P 49 0.56 345.70 139 - 151 13.72 - 1539 00 - 128 12.80 - 13.72
20-111 203.2 P 49 0.54 345.73 95 - 107 9.60 - 1097 0.0 : 9.6 :
20-1vV 127 S 49 0.57 345.76 00 - 43 030 - 457 0.0 : 0.3 :
20-1IR 203 S 51 1.20 349.38 35 - 81 293 - 810 0.0 2.9
21-1 175 P 50 0.40 348.59 11.0 - 125 10.90 - 1250 8.5 10.9 7.00 8.50
02 - 7 -
21-IR 203 P 51 1.02 348.57 11.0 - 125 10.40 - 1250 00 - 104 -
21-11 175 P 50 0.40 348.60 7.0 - 85 - 4.0 6.4 6.40 9.00
- 015 - 4
21-1IR 203 P 51 1.29 348.56 70 - 85 6.40 - 850 00 - 64 -
21-11 175 S 50 0.50 348.66 02 - 48 020 - 4.80 : :
21-IR 203 S 51 0.96 348.47 02 - 48 020 - 4.80 0.0 : 0.2 :
22-1 175 P 50 0.50 345.75 79 - 94 7.70 - 9.40 6.6 : 7.7 0.00 : 6.60
22-11 175 S 50 0.30 345.52 06 - 53 020 - 530
23-1 175 P 50 0.60 345.74 85 - 100 8.40 - 10.00 5.0 8.4 0.30 5.00
2311 175 S 50 0.60 345.73 32 - 47 0.60 - 5.00 0.0 0.6 5.40 9.60
26-1 38 S 25 0.92 344.00 08 - 23 - 0.00 2.28
26-11 38 S 25 0.41 344.00 00 - 1.2 - : 0.00 : 1.20
27-1 38 S 25 0.87 344.39 08 - 24 - : 0.00 : 2.40
27-11 38 S 25 0.54 344.39 00 - 16 - 0.00 1.60
28-1 38 S 25 0.91 343.97 08 - 23 - : 0.00 : 2.29
28-11 38 S 25 0.32 343.97 00 - 12 - 0.00 1.20
29-1 32 S 32 0.10 344.08 01 - 21 - 0.00 2.10
30-1 38 S 25 0.94 346.17 06 - 23 - : 0.00 : 2.26
31-1 38 S 25 0.91 344.65 06 - 23 - 0.00 2.29
32-1 38 S 25 0.78 344.52 08 - 25 - : 0.00 : 2.50
331 38 S 25 0.76 344.36 08 - 25 - : 0.00 : 2.50
34-1 38 S 25 1.07 344.53 06 - 22 - 0.00 2.20
35-1 38 S 25 1.00 343.75 56 - 59 - : 0.00 : 3.90
35-11 38 S 25 1.34 344.13 02 - 19 - 0.00 1.86
36-1 101 P 50 0.90 345.98 219 - 234 2120 - 2340 20.0 21.2 0.00 20.00
37-1 101 P 98 346.41 230 - 275 - 0.0 : 23.0 :
37-11 101 P 98 346.15 244 - 337 - 0.0 : 24.4 :

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19)
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval
(mm) (mm) (m) (MASL) (m) (m) (m) (m)
37-IR 96 P 51 346.85 237 - 273 2340 - 27.28 00 - 234 -
37-1IR 96 P 51 347.18 311 - 326 30.77 - 32.60 00 - 308 -
50-1 203 P 51 0.90 361.89 39.8 - 412 38.60 - 41.90 00 - 386 -
53-1 9 P 51 0.76 344.41 210 - 226 20.60 - 22.60 00 - 206 -
53-11 203 P 51 0.76 344.31 139 - 154 13.45 - 15.39 00 - 135 -
53-1IR 203 P 51 1.02 344.40 137 - 152 13.40 - 1520 00 - 134 -
54-1 9 P 51 0.76 354.06 259 - 274 25.60 - 27.40 00 - 256 -
60-1 203 P 51 0.76 346.74 133 - 148 13.00 - 14.83 148 - 154 -
0 - 13 -
60-11 203 P 51 0.76 346.84 10.7 - 122 10.39 - 1219 00 - 104 -
60-111 203 S 51 0.76 346.79 06 - 52 0.30 - 5.18 00 - 03 -
90-1 200 P 150 0.60 355.82 512 - 67.1 - - -
0 - 512 -
90-11 9 P 51 0.76 355.46 314 - 329 3142 - 3081 329 . 386 -
0 - 3081 -
91-1 9 P 51 0.76 351.16 255 - 27.0 2547 - 24.86 270 - 416 -
0 - 24.86 -
92-1 9 P 51 0.83 349.56 320 - 335 3198 - 3137 335 . 405 -
0 - 3137 -
93-1 203 P 51 0.80 345.99 242 . 287 2347 - 2873 00 - 235 -
94-1 203 P 51 0.83 345.07 209 - 252 2055 - 25.20 0.0 - 20.6 -
95-1 203 P 51 0.71 358.86 365 - 414 35.97 - 4140 00 - 36.0 -
96-1 9 P 51 0.85 348.15 36.3 - 366 36.30 - 38.08 00 - 363 -
96-11 96 P 51 348.62 294 - 340 28.95 - 33.98 00 - 29.0 -
C1-l 203 P 51 0.84 344.78 113 - 128 1052 - 1173 00 - 104 11.73 - 1415
C1-1l 203 S 51 0.78 344.63 08 - 38 0.40 - 3.5 00 - 04 3.05 - 427
C2-1 203 P 51 0.74 344.36 75 - 9.0 716 - 7.92 00 - 70 792 - 942
c2-1l 203 S 51 0.72 344.37 09 - 37 0.76 - 244 00 - 08 244 - 427
C3-1 203 S 51 0.74 344.68 14 - 44 046 - 3.05 00 - 05 3.05 - 5.03
C5-1 203 S 51 0.55 346.84 25 - 56 203 - 457 00 - 05 457 - 6.55
C6-1 203 P 51 0.73 345.65 100 - 115 8.89 - 10.67 00 - 03 10.67 - 1277
- 03 - 252
C6-11 203 S 51 0.71 345.67 15 - 46 091 - 335 00 - 03 335 - 457
- 03 - 091
C7-1 203 S 51 0.82 345,53 15 - 46 1.22 - 298 00 - 03 298 - 5.03
cs-l 203 S 51 0.80 345.82 14 - 44 091 - 3.05 08 - 09 3.05 - 503
0 - 03 0.3 - 0.76
Co-1 203 P 51 0.74 345.03 58 - 73 518 - 6.10 00 - 52 6.10 - 7.90
Co-ll 203 S 51 0.75 345.06 12 - 43 0.18 - 3.35 00 - 08 335 - 4.32

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19)
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval
(mm) (mm) (m) (MASL) (m) (m) (m) (m)
C10-1 203 P 51 0.72 345.02 69 - 85 - 00 - 6.1 6.10 - 8.76
C10-11 203 S 51 0.74 344.82 15 - 46 122 - 305 09 - 12 3.05 - 457
0 - 022 022 - 091
C11-1 203 P 51 0.70 344.88 59 - 74 - 00 - 51 511 - 7.87
C11-ll 203 S 51 0.75 344.94 12 - 43 076 - 274 00 - 08 2.74 - 427
C12-1 203 S 51 0.79 345.41 13 - 43 0.76 - 3.05 00 - 08 3.05 - 503
C13-1 203 S 51 0.74 345,51 13 - 44 0.76 - 3.05 00 - 08 3.05 - 503
C14-1 203 S 51 0.76 345,97 11 - 41 061 - 4.10 00 - 06 -
D1-1 203 S 51 0.75 345.46 14 - 44 053 - 3.96 00 - 05 396 - 5.03
D2-1 203 S 51 0.57 346.00 24 - 54 152 - 452 00 - 15 452 - 579
D3-1 203 S 51 0.72 344.62 23 - 54 152 - 351 12 - 15 351 - 5.63
0 - 03 03 - 1.2
D4-1 203 S 51 0.76 344.65 12 - 43 091 - 3.05 00 - 09 305 - 457
D5-1 203 S 51 0.63 345.96 1.0 - 48 061 - 481 00 - 06 -
11 S 32 0.76 356.04 43 - 166 - 09 - 12 -
1-IR 203 P 51 0.76 370.70 281 - 297 27.76 - 30.20 00 - 278 -
51-1 203 S 51 0.76 365.80 73 - 226 - 00 - 09 0.90 - 2555
51-IR 203 S 51 0.76 365.19 159 - 220 1529 - 1590 00 - 153 -
51-11 203 P 51 0.77 365.87 236 - 26.7 27.28 - 2324 100 - 232 0.30 - 10.00
0 - 03 -
52-1 203 S 51 0.76 362.13 82 - 204 - 00 - 1.0 1.00 - 20.50
55-1 203 P 51 0.76 355.06 11.2 - 158 11.00 - 15.80 00 - 11.0 15.80 - 17.06
56-1 203 P 51 0.76 354.34 120 - 181 11.40 - 18.05 00 - 114 18.05 - 18.95
57-1 203 P 51 0.76 360.66 185 - 26.1 17.70 - 26.10 120 - 177 26.10 - 27.28
0 - 03 03 - 12
58-1 203 P 51 0.81 359.99 204 - 189 2042 - 18.00 180 - 175 2042 - 2118
- 0 - 1745
59-1 203 S 51 0.76 362.63 10.8 - 20.0 11.00 - 19.97 00 - 06 19.97 - 2073
- 06 - 11
61-1 203 P 51 0.76 365.44 238 - 253 23.10 - 35.30 253 - 265 -
0 - 231 _
61-IR 203 P 51 0.52 363.59 251 - 26.7 2470 - 26.70 00 - 247 -
62-1 203 S 51 0.90 361.97 83 - 159 845 - 1592 00 - 15 152 - 8.45
63-1 203 P 51 0.76 359.76 151 - 16.6 1478 - 17.98 00 - 1438 -
64-1 203 S 51 0.76 347.66 103 - 134 9.75 - 13.39 88 - 9.8 061 - 884
0 - 061 -
65-1 203 S 51 0.76 353.41 57 - 103 5.44 - 10.26 00 - 09 091 - 5.40
66-1 203 P 51 0.76 362.00 143 - 196 1351 - 19.61 12.7 - 135 091 - 1270
66-1R 203 P 51 0.87 368.09 191 - 206 18.40 - 20.60 00 - 184 -

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19)
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Al: Monitor Construction Details

Borehole Monitor Monitor Installation Details
Monitor |Diameter | Type |Diameter| Stick Up | Elevation | Screened Interval Filter Pack Sealed Interval | Backfilled Interval

(mm) (mm) (m) (MASL) (m) (m) (m) (m)

67-1 203 S 51 0.95 362.34 16.2 - 20.7 1557 - 20.73 151 - 156 091 - 15.09
0 - 091 -

68-1 203 S 51 0.76 353.28 10.7 - 122 10.36 - 12.19 100 - 104 091 - 9.75
091 - 0 -
69-1 203 S 51 0.76 352.42 117 - 148 10.09 - 15.09 0.0 - 109 -
P10 130 P 372 - 747 - - ;

Notes: Top of Pipe Elevations for Monitor 37-1 and 37-Il where fixed on the Table in 2009
Location 58 resurveyed on March 25, 2018. Monitor had subsuded by 0.84 m

(1 Rpt of Monitor Details/EastywEAC1/60598827/Apr-19) Page 6 of 6



A2: Groundwater Elevations - - Closed Eastview Road Landfill Site

Monitor 2-1 2-11 4-1IR 4-11 4-1IR 4-111IR 5-11 5-111 9A-1 9-1 9-11 10-1 10-11 10-111 11-1 11-11 11-111 12-1 12-11 12-111
Geologic Unit | Outwash | Outwash | Bedrock | Lower Lower Upper Upper | Bedrock | Bedrock | Outwash | Outwash | Upper | Outwash | Outwash| Upper | Outwash | Lower Upper Upper Fill
Date Till Till Till Till Till Till Till Till Till

28-Apr-1992 339.43 341.87 342.12 342.60 341.00 342.01 341.86 342.86 342.86 342.87 343.82 343.92 343.44 343.42 343.24
14-Aug-1992 341.94 342.17 343.65 345.34 341.12 342.29 342.11 342.99 342.86 343.02 344.16 344.15 343.49 343.44 343.33
10-Nov-1992 341.88 341.87 344.11 345.37 341.42 342.12 341.81 343.09 342.94 343.02 343.80 343.74 343.49 343.45 343.34
22-Mar-1993 343.35 343.28 343.30 343.21
22-Apr-1993 341.83 342.17 342.27 343.93 345.05 345.72 341.49 342.12 341.88 343.05 342.84 343.05 343.89 343.83 343.44 343.37 343.33
25-May-1993 341.94

08-Jun-1993 341.98 341.57 342.01 343.50 344.44 344.63 341.28 341.62 341.46 342.84 342.70 342.94 343.43 343.31 343.35 343.38 343.28
23-Aug-1993 341.65 341.42 340.80 342.61 343.80 344.29 340.59 341.20 341.12 342.46 342.28 342.46 343.07 343.00 343.19 343.19 343.14
26-Oct-1993 341.88 341.62 341.11 342.85 344.12 344,57 340.86 341.52 341.40 342.75 342.59 342.69 343.32 343.27 341.93 342,91 342.89 342.82
16-Mar-1994 343.40

20-Apr-1994 342.06 341.85 341.83 343.64 344.74 345.44 341.24 342.09 341.93 343.02 342.95 343.04 344.13 344.10 343.85 343.40 343.39 343.30
18-Jun-1994 341.73 341.55 341.38 343.15 344.25 344.64 340.87 341.56 341.40 342.64 342.46 342.63 343.31 343.37 343.52 343.27 343.24 343.20
24-Aug-1994 341.33 341.28 340.63 342.30 343.39 343.87 340.44 341.20 341.14 342.12 341.97 342,94 343.15 342.92 343.20 342.72 342,64 342,70
26-Oct-1994 341.60 341.22 340.57 341.86 342.28 343.20 340.20 341.21 341.19 341.94 341.79 342.34 342.07 342.63 343.49 342.42 342.38 DRY
18-Apr-1995 341.87 341.65 341.58 343.45 344.52 344.76 340.94 341.76 341.59 342.76 342.61 342.91 343.50 343.42 343.49 343.43 343.33 343.26
16-Jun-1995 341.78 341.59 341.46 343.26 344.24 344.68 340.87 341.63 341.44 342.59 342.41 342.66 343.53 343.39 343.37 343.16 343.10 343.06
21-Aug-1995 341.77 341.64 341.17 343.11 344.29 344.49 340.88 341.62 341.47 342.64 342.46 342.68 343.69 343.66 343.66 343.16 343.15 343.13
13-Nov-1995 342,02 342.45 341.59 343.65 344.92 345.64 341.14 342.19 341.93 341.92 342.78 342.85 344.48 344.51 343.56 343.49 343.42 343.35
15-Apr-1996 341.81 341.93 341.62 343.58 344.79 345.68 341.13 342.07 342.90 342.76 343.12 343.95 343.96 343.81 343.52 343.38 343.28
13-Jun-1996 341.95 341.90 342.05 343.71 344.75 345.53 341.37 342.15 341.91 342.91 342.74 342.97 344.04 344.00 344.02 343.53 343.39 343.42
15-Aug-1996 341.85 341.79 341.40 343.12 344.08 344.51 340.99 341.77 341.63 342.49 342.44 342.43 343.22 343.16 343.96 343.11 343.02 343.03
12-Nov-1996 341.96 341.80 341.82 343.63 344.57 345.26 341.21 341.97 341.78 342.87 342.69 342,94 343.83 343.77 343.84 343.48 343,39 343.33
21-Apr-1997 341.79 341.77 342.07 343.73 344.43 345.23 342.43 342.16 342.85 342.98 342.65 342.97 343.97 343.88 344.29 343.46 343.33 343.29
09-Jun-1997 341.83 341.67 341.66 343.35 344.18 344.73 341.24 341.77 341.52 342.68 34254 342.77 34354 343.43 343.98 343.31 343.21 343.21
18-Aug-1997 341.71 341.64 340.87 342.47 343.23 343.55 340.60 341.35 341.18 342.14 341.97 342.37 342.91 342.76 343.22 342.52 342.40 DRY
10-Nov-1997 341.97 341.89 341.20 342.67 343.52 344.05 340.85 341.93 341.80 342.57 342.43 342.57 343.39 343.28 343.38 342.09 342.98 343.00
14-Apr-1998 341.88 341.70 341.89 343.68 344.36 345.28 341.20 342.04 341.70 342.77 342.60 342.90 343.71 343.60 343.89 343.45 343.32 343.24
10-Jun-1998 341.70 341.49 341.04 343.77 343.95 344.25 340.73 341.47 341.26 342.33 342.18 342.49 343.14 343.01 343.41 342.78 342.67 342.70
10-Aug-1998 341.47 341.34 340.58 342.55 343.53 343.71 340.43 341.27 341.16 342.02 341.86 342.37 342.99 342.84 343.15 342.37 342.24 Dry
09-Nov-1998 341.08 341.06 340.00 341.34 341.46 341.99 339.90 340.96 Dry 341.34 341.20 Dry 342,58 342.41 342.64 341.36 341.24

16-Apr-1999 341.76 341.65 340.82 343.08 344.35 344.89 340.72 341.86 341.68 342.84 342.68 342.86 344.00 343.91 343.42 343.39 343.31 343.23
23-Jun-1999 341.63 341.50 340.52 342.60 343.82 344.36 340.56 341.43 341.26 342.42 342.28 342.48 343.03 343.01 342.67 342.81 342.78 343.02
16-Aug-1999 341.12 341.44 340.20 343.12 343.08 343.89 340.38 341.33 341.24 342.18 342.05 342.37 342.87 342.86 342.47 342.68 342.74 342.77
16-Nov-1999 341.77 341.68 340.85 343.11 344.43 345.07 340.75 341.84 342.02 342.78 342.65 342.78 343.65 343.67 342.95 343.38 343.38 343.45
12-Apr-2000 341.92 341.80 340.67 343.22 344.77 345.40 340.73 341.95 341.77 342.87 342.72 342.92 343.65 343.67 342.97 343.54 343.57 343.61
19-Jun-2000 342.17 342.07 341.25 343.56 344.70 345.64 341.10 342.49 342.09 343.02 342.88 343.00 344,54 344.64 343.44 343.63 343.62 343.65
14-Aug-2000 341.95 341.85 341.52 343.48 344.43 344.90 341.12 341.92 341.72 342.94 342.80 342.98 343.98 344.00 343.46 343.57 343.56 343.54
06-Nov-2000 341.62 341.53 340.48 342.37 343.29 342.13 340.52 341.48 341.39 342.20 342.07 342.41 342.87 342.86 342.74 342.78 342.82 342.90
02-Apr-2001 341.95 341.85 341.10 343.48 344.63 345.78 34113 342.61 342.12 342.91 342.77 Frozen 344.44 344,52 343.51 343.64 343.63 343.63
25-Jun-2001 341.67 341.65 340.54 342.92 344.25 344,51 340.70 341.63 341.48 342.62 342.48 342.67 343.48 343.50 343.22 343.20 343.22 343.24
13-Aug-2001 341.33 341.33 339.79 342.00 343.06 344.41 340.20 341.18 341.15 341.93 341.81 342.10 342.85 342.85 342.61 342.33 342.35 34281
05-Nov-2001 341.85 341.73 340.83 343.13 344.60 345.29 340.73 341.83 341.72 342.70 342.58 342.66 343.99 344.04 343.07 343.56 343.57 343.50
22-Apr-2002 342.04 341.90 341.37 343.52 344.46 345.47 341.21 342.37 342.03 342.95 342.97 342.92 34454 344.63 343.58 343.54 343.66 342.20
17-Jun-2002 341.95 341.86 341.47 343.52 344.58 345.27 341.18 342.12 341.90 342.75 342.62 342.80 343.74 343.75 343.54 343.61 343.60 343.45
12-Aug-2002 341.39 341.34 340.43 342.43 343.44 343.90 340.49 341.24 341.19 342.01 341.90 342.26 342.90 342.88 342.87 342.54 342.56 342.83
04-Nov-2002 341.31 342.51 339.99 341.84 342.61 343.25 340.60 341.38 341.95 341.89 341.81 342.32 343.10 343.10 342.48 343.58 343.58 343.62
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A2: Groundwater Elevations - - Closed Eastview Road Landfill Site

Monitor 2-1 2-11 4-1IR 4-11 4-1IR 4-111IR 5-11 5-111 9A-1 9-1 9-11 10-1 10-11 10-111 11-1 11-11 11-111 12-1 12-11 12-111
Geologic Unit | Outwash | Outwash | Bedrock | Lower Lower Upper Upper | Bedrock | Bedrock | Outwash | Outwash | Upper | Outwash | Outwash| Upper | Outwash | Lower Upper Upper Fill
Date Till Till Till Till Till Till Till Till Till
22-Apr-2003 341.95 341.80 341.06 343.35 34454 345.48 340.93 342.21 341.94 342.88 342.79 342.92 344,53 344.63 343.18 343.60 343.54 343.52
23-Jun-2003 341.86 341.70 340.87 343.08 344.16 344.91 345.02 340.86 341.80 341.59 342.76 342.66 342.79 343.64 343.64 343.14 343.38 343.37 343.36
02-Sep-2003 341.34 341.36 340.11 342.26 343.41 343.77 344.56 340.24 341.31 341.29 342.06 341.97 342.21 342.85 342.84 342.52 N/A N/A N/A
03-Nov-2003 341.75 342,51 340.60 342.92 344.63 344.95 344.43 340.60 341.93 341.95 342.63 34254 342.66 343.10 343.10 342.54 343.58 343.58 343.62
19-Apr-2004 342.01 342.04 341.44 343.64 344.69 345.68 344.31 341.17 342.31 342.05 342.92 342.81 342,91 344.07 344.08 343.64 343.66 343.65 343.65
07-Jun-2004 341.89 341.76 341.17 343.19 344.23 344.64 344.29 340.94 341.78 341.64 342.82 342.72 342.74 343.34 343.43 343.35 343.55 343.52 343.49
23-Aug-2004 341.76 341.65 340.87 342.78 343.88 344.11 344.24 340.77 341.49 341.39 342.63 342.53 342.62 343.26 343.24 343.16 343.11 343.10 343.11
01-Nov-2004 341.78 341.75 340.41 342.49 343.62 343.92 344.21 340.69 341.73 341.73 342.48 342.38 342.56 343.15 343.13 342.85 343.17 343.17 343.19
11-Apr-2005 341.95 342.00 341.55 343.63 344.47 345.65 342.71 341.27 342.38 342.12 342.95 342.86 343.00 344.83 344.95 343.89 343.59 343.60 34357
21-Jun-2005 341.82 341.73 341.15 343.13 344.19 344.60 342.36 340.91 341.81 341.68 342.66 342.56 342.74 343.50 343.55 343.26 343.17 343.21 343.22
31-Aug-2005 341.48 341.52 340.63 342.20 343.16 343.66 341.89 340.50 341.36 341.30 342.24 342.20 342.26 343.04 343.04 342.76 342.73 342,69 Dry
15-Nov-2005 341.70 341.60 340.51 342.61 344.49 344.24 342.17 340.59 341.73 341.70 342.78 342.40 342.65 343.32 343.33 342.77 343.23 343.20 343.23
24-Apr-2006 342.03 342.80 341.48 343.59 344.47 345.42 342.64 341.03 342.05 342.09 342.74 342.66 342.68 344.17 344.10 343.61 343.56 343.65 343.64
07-Jun-2006 342.03 341.90 341.43 343.50 344.31 345.13 342.83 341.13 341.85 341.78 342.84 342.57 342.67 343.69 343.97 343.56 343.60 343,58 343,55
30-Aug-2006 341.79 N/A 340.81 342.80 343.87 344.45 342.31 340.78 341.59 341.80 342.61 34254 342.62 343.27 343.30 343.13 343.14 343.15 343.16
24-Nov-2006 342.30 342.31 341.63 343.77 344.68 345.63 342.83 341.22 342.10 342.10 342.99 342.87 343.00 344.60 344.78 343.61 343.68 343,64 343,61
10-Apr-2007 342.13 342.10 341.72 343.80 344.68 345.65 342.90 341.23 342.03 342.02 342.96 342.88 342.97 344.87 345.01 343.94 343.76 343.68 343.64
18-Jun-2007 342.01 341.78 341.14 343.10 344.16 344.54 342.20 340.85 341.68 341.36 342.65 342.57 342.65 343.35 343.04 343.31 343.46 343.41 343.38
13-Aug-2007 341.35 341.43 340.33 342.01 34351 343.21 341.42 340.30 340.89 Dry 341.99 341.90 Dry 342.65 Dry 342.63 342.45 342.43 Dry
15-Nov-2007 341.23 341.18 340.12 341.75 342.48 341.77 342.36 340.20 341.00 341.00 341.84 341.81 341.97 342.48 Dry 342.29 342.76 342,76 Dry
29-Apr-2008 342.07 341.92 341.47 341.68 344.31 345.27 342.78 341.13 341.94 341.89 342.89 342.82 342.88 344.42 34454 343.98 343.64 343.63 343.64
18-Jun-2008 341.90 341.76 341.27 343.17 344.37 344.81 342.43 340.95 341.72 341.70 342.66 342.62 342.76 343.11 34217 343.54 343.20 343.20 343.22
11-Sep-2008 342.01 341.94 34113 343.13 344.16 344.55 342.24 340.77 341.80 341.75 342.57 34251 342.62 343.15 343.19 343.15 343.17 343.16 343.17
20-Nov-2008 34157 342.60 343.45
24-Nov-2008 341.97 341.91 343.59 344.58 345.35 340.30 341.06 341.04 341.74 341.86 341.89 344.15 344.23 342.44 342.70 342.92
27-Apr-2009 342.27 342.80 341.85 343.85 344.73 346.05 342.77 341.25 34213 342.18 342.95 342.83 342.94 34454 344.76 343.85 343.66 342.72 343.73
22-Jun-2009 341.91 341.97 341.24 343.27 344.20 344.75 342.46 341.05 341.83 341.86 342.67 342.67 342.82 343.14 344.50 343.91 343.12 343.27 343.22
20-Aug-2009 342.10 342.65 342.65 343.73 344.25 340.63 341.58 341.51 342.46 342.43 342.59 343.05 342.98 342.99 342,91 343.02
24-Aug-2009 340.67 342.13 343.03
10-Nov-2009 341.87 341.70 340.51 342.46 343.72 344.38 342.21 340.42 341.76 341.74 342,57 342.49 342.62 342.98 343.06 342.81 342.99 342.91 343.02
20-May-2010 342.10 341.99 341.23 343.40 344.43 345.23 342.62 340.79 341.85 341.85 342.84 342.81 342.92 343.88 344.01 343.38 343.08 342.81 343.14
20-Oct-2010 342.02 341.93 340.88 344.09 343.37 345.07 342.67 340.73 341.95 342.74 342.82 342.86 343.48 343.88 342.99 343.08 342.81 343.14
18-Apr-2011 342.09 342.44 341.81 343.84 344.90 345.52 342.75 341.26 342.23 342.08 342.78 342.83 342.93 343.97 344.13 343.75 343.20 343.28 343.27
01-Nov-2011 342.02 341.93 341.20 342.89 344.09 344.67 340.38 341.19 341.24 342.73 342.77 342.87 343.64 343.73 343.14 343.00 343.20 343.14
07-May-2012 341.79 342.02 341.56 344.31 343.69 345.37 342.40 341.06 341.89 342.04 342.81 342.77 342.89 343.15 343.29 343.51 343.25 343.26 343.29
21-Nov-2012 341.95 341.87 341.38 343.39 344.38 345.16 342.38 NA NA NA 342.63 342.69 342.83 343.49 343.62 343.35 343.07 342,99 343.08
21-May-2013 341.67 342.06 341.48 343.45 344.41 345.65 343.35 341.09 342.01 342.11 342.92 342.85 342.92 343.52 343.62 343.43 343.32 343.35 343.36
13-Nov-2013 342.08 341.96 341.83 343.73 344.67 345.47 343.52 340.58 341.72 341.83 342.91 342.85 342.63 343.95 343.92 343.72 343.08 343.13 343.10
10-May-2014 342.14 342.17 34211 343.84 344.83 345.63 343.05 341.35 342.16 342.13 342.93 342.87 342.94 344.23 344.42 343.99 343.50 343.49 343.39
20-Nov-2014 341.92 342.01 341.54 343.48 344.50 346.03 341.25 341.86 341.97 342.94 342.95 342.96 344.76 344.88 344.22
11-May-2015 342.02 341.93 341.40 343.38 344.68 345.13 343.15 341.05 341.99 342.07 342.89 342.83 342.93 343.52 343.69 343.36 343.27 343.45 343.27
19-Nov-2015 342.00 341.99 341.12 343.26 344.30 344.88 342.56 340.97 341.70 342.04 342.87 342.84 342.92 344.02 344.10 343.27 343.37 343.45 343.47
01-May-2016 34