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Executive Summary

This report documents the November 2020 Groundwater Monitoring and Sampling Event. The Alberta
Township System description of the Site is the northeast corner of Section 20, Township 24, Range 1,
West of the 5™ Meridian (NE V4 20-24-1 W5M). The Site occupies approximately 40 hectares (100 acres),
and is currently a mixture of operating commercial properties, private residences, and public lands.

The objectives of this event are summarized within the Revised Remediation Plan (Version 2.0, 2020),
under the Plume Monitoring section, and are as follows:

 Develop an understanding of how the plume is changing over time (increasing, decreasing, and/or
remaining stable); and

+ Determine if the biodegradation processes of monitored natural attenuation (MNA) are occurring in
certain portions of the Site.

The primary contaminants of potential concern include benzene and 1,2-dichloroethane (1,2 -DCA). These
two constituents will represent benzene, toluene, ethylbenzene and xylene(s) (BTEX) and petroleum
hydrocarbon (PHC) fractions F1 and F2 and volatile organic compounds (VOCs), respectively. The
rationale for concentrating on these two constituents is based on the following observations:

» They had the highest frequency of detection, and of exceedance of the Alberta Environment and Parks
(AEP), January 2019, Alberta Tier 1 and 2 Soil and Groundwater Remediation Guidelines (AEP 2019 Tier
1 and 2 Guidelines) within their contaminant categories; and

+ With few exceptions, the remainder of the constituents detected were associated with a detection of their
representative constituent, benzene or 1,2-DCA, depending on the contaminant category.

The data collected during this sampling event is generally consistent with previous sampling events. The
percentage of monitoring wells which met the AEP 2019 Tier 1 Guidelines for both benzene and 1,2-DCA
was the same as the last monitoring and sampling event and 3% greater than the previous Fall event. This
was the third event since 2015 where no liquid petroleum hydrocarbon was detected on-Site. The first
event was the previous Fall 2019 groundwater monitoring and sampling event.

From a risk management perspective, this event had an exceedance of the Tier 2 Site-Specific Guidelines
for benzene whereas all results met these guidelines during the previous event. However, the exceeding
monitoring well was the extraction well EX5. As this well is part of the on-Site dual phase vapour extraction
remediation system, it is actively drawing in contaminated groundwater. As such the analytical results
retrieved from the monitoring wells are not representative of natural, steady-state conditions.

Notable changes in benzene concentrations, when compared to the last sampling event include: BH1911
met the AEP 2019 Tier 1 Guidelines and was below detection limits for the first time since its installation;
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and, BH2005 which exceeded in the last event and has an increasing trend returned a result below
detection limits. Notable changes in 1,2-DCA concentrations, when compared to the last sampling event
include: BH1905 was below the AEP 2019 Tier 1 Guidelines for the first time since its installation; BH1911
was below detection limits for the first time since its installation; and BH2006 exceeded the AEP 2019 Tier
1 Guidelines for the first time since 2018.

The updated trend analysis of monitoring wells with exceedances of PHCs show that most of the wells are
displaying stable or decreasing trends. However, four wells were identified as having an increasing or
probably increasing trends for both benzene and 1,2-DCA. There was one additional monitoring well
indicated as having an increasing or probably increasing trend for benzene when compared to the last
monitoring and sampling event, BH1906. The other three monitoring wells with increasing benzene trends
are BH1910, BH1944, and BH2005. After the addition of the November 2020 data both BH1907 and
BH4003A were indicated to have an increasing or probably increasing trend of 1,2-DCA along with
previously noted BH1910 and BH2006.

All of the monitoring wells with increasing or probably increasing trends are located within Unit 3. The
monitoring wells with increasing trends are located throughout the Site: BH4003A is located within the
parking lot of the North Hill Mall; BH1907, BH1906, and BH1910 and located within Lions Park; and
BH2005, BH2006, and BH1944 are located south of 11" Avenue in Hounsfield Heights Park and in the
laneway between 15" and 16" Streets NW. The PlumeStop™ injections were completed on 11" Avenue
NW and the predominant groundwater flow direction in all units was in a southernly direction making these
wells downgradient. With further groundwater monitoring and sampling programs, sample results from
these monitoring wells may begin to show the positive effects of the permeable reactive barrier.

In addition to this, a preliminary decay rate assessment also shows that based on current and historical
groundwater trends some monitoring wells may potentially achieve the AEP 2019 Tier 1 Guidelines as
quickly as 2021. This assessment will need to be expanded to consider the effect of the DPVE, the PRB,
and biodegradation as well as to include more monitoring wells and potentially more constituents.

Lastly, an initial assessment of natural attenuation has shown that dissolved oxygen concentrations are
high enough to promote aerobic biodegradation. In addition, injections of ORC have increased the
dissolved oxygen content in areas of the plume along and downgradient to 11™ Avenue NW. The dissolved
oxygen content may even be high enough to surpass the oxygen demand for the PHCs and allow for the
aerobic degradation of 1,2-DCA. There is some evidence that anaerobic degradation may be occurring,
but additional data over time will be required to perform a more accurate assessment of anaerobic
biodegradation through reduction of nitrate, sulphate, iron, and manganese across the Site.
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1.0 Background

This report documents the November 2020 Groundwater Monitoring and Sampling Event. A map of the
Site Location and Surrounding Land Use is provided as Figure 1. A map of the Site and Surrounding
Properties is provided as Figure 2. A Monitoring Well Location Plan is provided as Figure 3.

1.1 General Site Description

The Alberta Township System description of the Site is the northeast corner of Section 20, Township 24,
Range 1, West of the 5" Meridian (NE % 20-24-1 W5M). The Site occupies approximately 40 hectares
(100 acres), and is currently a mixture of operating commercial properties, private residences, and public
lands.

The Mall area is the portion of the Site located north of 14" Avenue NW, which includes the North Hill
Shopping Centre, the former Sears property (now a Kal-Tire Automotive Centre located at 1620 — 14"
Avenue NW), and a condominium complex. The Hounsfield Heights area is the portion of the Site south of
14" Avenue NW, including Lions Park, to 10" Avenue NW.

1.2 Objectives and Scope of Work
The objectives of this event are summarized within the Revised Remediation Plan (Version 2.0, 2020),
under the Plume Monitoring section, and are as follows:

 Develop an understanding of how the plume is changing over time (increasing, decreasing, and/or
remaining stable); and

+ Determine if the biodegradation processes of monitored natural attenuation (MNA) are occurring in
certain portions of the Site.

The primary contaminants of potential concern include benzene and 1,2-dichloroethane (1,2 -DCA). These
two constituents will represent benzene, toluene, ethylbenzene and xylene(s) (BTEX) and PHC fractions
F1 and F2 and volatile organic compounds (VOCs), respectively. The rationale for concentrating on these
two constituents is based on the following observations:

» They had the highest frequency of detection, and of exceedance of the Alberta Environment and Parks
(AEP), January 2019, Alberta Tier 1 and 2 Soil and Groundwater Remediation Guidelines (AEP 2019 Tier
1 and 2 Guidelines) within their contaminant categories; and

» With few exceptions, the remainder of the constituents detected were associated with a detection of their
representative constituent, benzene or 1,2-DCA, depending on the contaminant category.

As benzene and 1,2-DCA degrade, other BTEX compounds, PHC fractions, or VOCs may replace benzene
and 1,2-DCA as the most frequently detected. Clifton will continue to assess the representative
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constituents as new data becomes available to determine if benzene and 1,2-DCA are the best
representation of the Site contamination at the given time.

This will mark the third groundwater monitoring and sampling event where select wells were also sampled
for routine groundwater chemistry to assess contaminant biodegradation at the Site. The first sampling
event took place in the Fall of 2019.

The scope of work for this event was as follows:

» Measure organic vapour concentrations in all monitoring wells with the exception of monitoring wells that
have not produced water within the last four or more sampling events;

* Measure light non-aqueous phase liquid (LNAPL) thickness (if present) and depth of groundwater in all
monitoring wells;

+ Collect and dispose of any LNAPL present;

+ Collect groundwater samples using the bailer method from 57 monitoring wells on-Site;

+ Collect discrete groundwater samples using the HYDRASIeeve™ method from 47 monitoring wells on-
Site;

+ Collect a quality assurance/quality control (QA/QC) sample for approximately every ten samples taken;

+ Collect equipment and trip blank samples for analysis of BTEX and PHC fraction F1 as part of the QA/QC
program;

» Submit groundwater samples from the 104 monitoring wells sampled for laboratory analyses of BTEX,
PHC fractions F1 and F2, and VOCs;

» Submit groundwater samples from 19 monitoring wells for laboratory analysis of routine chemistry (select
inorganic geochemical parameters); and

+ Compare the results to the AEP 2019 Tier 1 and 2 Guidelines and prepare a summary of biodegradation
based on the routine chemistry parameter results.

1.3 Applicable Guidelines

Laboratory analytical results of groundwater samples were compared to the AEP 2019 Tier 1 and 2
Guidelines for either commercial land use or residential/parkland land use for coarse and fine-grained soil,
depending on the sampling location. The freshwater aquatic life pathway was removed due to the distance
of the nearest surface waterbodies being over 1.0 km away. The Site-Specific Tier 2 Groundwater
Remediation Guidelines (Site-Specific Tier 2 Guidelines) for areas in Hounsfield Heights have also been
included within the analytical tables. Figure 4 presents the defined area boundaries for the Site-Specific
Tier 2 Guidelines.
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2.0 Methods

2.1 Groundwater Monitoring

The monitoring component of this event involved collecting measurements of the depth to the groundwater
and the total depth of the well in addition to measuring the organic vapour concentration of the well and
determining if LNAPL was present.

Clifton personnel visited the Site at various dates between 02 November 2020 and 27 November 2020 to
collect field monitoring data and groundwater samples from the on-Site groundwater monitoring wells.

2.2 Organic Vapour Screening

The ambient organic vapour concentrations in the monitoring wells were measured using an Eagle 2
combustible gas detector. The Eagle 2 was calibrated prior to use in the field by either Clifton personnel, or
if it was a rental unit, by the rental staff prior to the pickup of the unit. A bump test was performed on the
Eagle 2 each day, prior to use. If the output reading of the Eagle 2 did not correspond to the concentration
of gas introduced within an acceptable range of £+10%, the instrument was then re-calibrated.

To complete organic vapour screening, the J-Plug on the monitoring well was removed and the probe of
the Eagle 2 was placed into the well, with the cap or the sampling technician’s gloved hand placed over the
top of the exposed PVC pipe. The highest photoionization detector (PID) and oxygen vapour analyzer
(OVA) sensor readings were then recorded. The standpipe vapour concentrations are presented in

Table 1A (Appendix A).

2.3 Fluid Level Measurements

Fluid levels, including groundwater and any potential LNAPL, were measured using a Heron oil/water
interface meter. The probe is slowly lowered into the monitoring well until it indicates that the water surface
is reached. Once the probe contacts the water, it is moved back and forth to check for LNAPL. If an LNAPL
layer is not identified, the probe records the surface water interface to the nearest millimeter. Total depth
measurements of the well were collected prior to sampling. The oil/water interface meter was cleaned
between monitoring wells using a solution of Liquinox™ and de-ionized water, followed by a deionized
water rinse.

2.4 Groundwater Sampling

Clifton deployed HYDRASIeeve™ samplers, a no-purge groundwater sampling system, at 1.5 m intervals
to collect discrete groundwater samples in 47 monitoring wells on-Site. Samples were collected using
dedicated, disposable bailers in 57 monitoring wells on-Site. The laboratory Certificates of Analysis have
been included as Appendix B.
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Table 1 — Monitoring Program Details

Current monitoring and sampling date 02 November 2020 — 27 November 2020

Previous monitoring and sampling date 04 May 2020 — 05 June 2020

Monitoring and sampling schedule Semi-annual
Next s.cheduled monitoring and May/June 2020
sampling date
Number of wells available to monitor

. 35
and sample in Mall area
Number of wells available to monitor 92

and sample in Hounsfield Heights area

Number of decommissioned/missing

I 6 (BH1926, BH1940, BH1943, BH1948, BH1979, and BH1983)
monitoring wells

Total number of monitoring wells on-

Site 133

Fluid Level Measurements (see Table 1A, Appendix A)

Water level measurement instrument: Heron Interface Oil/\Water Meter

Groundwater elevation (meters above 1061.59

sea level) (BH1946) to 1086.60 (BH1905)
. . Unit . :

Inferred local groundwater flow i W 2 3 Unit4  Unit 5

direction (Figures in Appendix C)
SW/SE S S/ISE S/SE  SE

Dry monitoring wells (As these
monitoring wells have been
consistently dry, they were not
monitored during this event.)

BH1909, BH1920, BH1931, BH1932, BH1938, BH1949,
BH1960, BH1965, BH1968, BH1969, BH1970, BH1973,
BH1975, BH1986, BH1987, BH1988 and BH2009
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Table 1 — Monitoring Program Details

Unmonitored wells (removed from
monitoring program, decommissioned,
or could not be located.)

BH1901, BH1902, and BH1903 (removed from monitoring
program); BH1926, BH1940, BH1955, and BH1983
(decommissioned in 2016); BH1943, BH1948, and BH1979
(could not be located).

LNAPL
Monitoring wells indicating LNAPL None
Previous monitoring wells indicating BH1704

LNAPL

Current LNAPL thickness

No LNAPL Present

Previous LNAPL thickness

0.035 m (12 June 2019; BH1704)

Current Vapour Equivalent LNAPL
Removed (DPVE)

1367 L (13 February 2020 to 25 November 2020)

Previous Vapour Equivalent LNAPL
Removed (DPVE)

204.7L

Current LNAPL Removal (Bailer)

None

Previous LNAPL Removal (Bailer)

0.00004 L (12 June 2019; BH1704)

Standpipe Vapour Screening (see Table 1A, Appendix A)

Vapour measurement instrument

RKI Eagle 2 OVA gas monitor with PID

Current hexane vapour concentrations 0 ppm to >11,100 ppm
Monltorlng.wells with hexane vapour BH1924

concentrations >11,100 ppm

Current isobutylene vapour % i o >2,000 ppm

concentrations
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Table 1 — Monitoring Program Details

Monitoring wells with isobutylene
vapour concentrations >2,000 ppm

BH1907

Monitor Well Purging

Purging method

Dedicated Disposable Bailer

Monitoring wells purged using a
dedicated disposable bailer

BH912, BH1701, BH1704, BH1905, BH1914, BH1915,
BH1934, BH1935, BH1939, BH1944, BH1945, BH1946,
BH1947, BH1950A, BH1951, BH1955A, BH1956, BH1962,
BH1964, BH1967, BH1972, BH1974, BH1978, BH1980,
BH1982, BH2001, BH2002, BH2003, BH2004, BH2006,
BH2008, BH2011, EX1, EX2, EX3, EX4, EX6, EX7, BH3001A,
BH3001B, BH3001C, BH3002A, BH3002B, BH3003A,
BH3003B, BH4002, BH4003A, BH4003B, BH4004A, BH4004B,
BH4005, BH4006, BH4007, BH4008A, BH4008B, BH4009A
and BH4009B

Maximum volume removed

39 L (BH1962)

Minimum volume removed
(Bailed dry or Insufficient Water)

BH912, BH1701, BH1704, BH1939, BH1944, BH1947,
BH1951, BH1964, BH1978, BH1980, BH2001, BH2002,
BH2004, BH3001A, BH3001B, BH3001C, BH3002A,
BH3002B, BH3003A, BH3003B, BH4002, BH4003B, BH4004A,
BH4004B, BH4006, BH4008A, BH4008B, BH4009A, BH4009B,
EX1, EX2, EX3, EX4, EX6, and EX7

QA/QC Results (Table 1 — Table 5, Attachments)

Trip Blank Samples

Reference Table 1 of Attachments

All trip blank results are below the reportable
detection limit.

Equipment Blank Samples

Reference Table 2 of Attachments

All equipment blank results are below the reportable
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Table 1 — Monitoring Program Details

detection limit.

Field Duplicate Samples

All duplicates have relative percent differences less

Reference Tables 3 and 5 of Attachments Toer B9 ol T

Sampling Summary

Groundwater sampling method Disposable Bailer or HYDRASIeeve™

Number of monitoring wells sampled

with a dedicated disposable bailer Sl e

Number of monitoring wells sampled
using the no-purge HYDRASIeeve™ 47 + 6 duplicates
method

Samples submitted to: AGAT Laboratories Ltd., Calgary, Alberta

Analysis Package

BTEX and PHC fractions F1 — F2 Table 6 (Attachments)

VOCs Table 7 (Attachments)

Routine Chemistry Table 8 (Attachments)
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3.0 Results

The results of the November 2020 Groundwater Monitoring and Sampling investigation are described in the
following sections. Clifton recently began to update the data for this program to an online data
management system. As such, the tables depicting the analytical data (Tables 6-8, Attachments) include
information from 2018 to 2020.

Since the previous groundwater monitoring and sampling event, six monitoring wells (BH1901, BH1902,
BH1903, BH1916, BH1918 and BH1919) have been removed from the groundwater sampling for BTEX,
PHC fractions F1-F2 and VOCs. These monitoring wells were no longer sampled for the selected
parameters as they have always contained non-detectable concentrations and are not required for
delineation within their specific units.

3.1 Inferred Groundwater Flow Directions

The monitoring results from the November 2020 Groundwater Monitoring and Sampling event show that
the inferred groundwater flow direction from wells screened in Unit 1 is split with groundwater flowing to
both the southeast and southwest (Figure 1C, Appendix C). This is consistent with the previous monitoring
and sampling events.

The inferred groundwater flow direction from wells screened in Unit 2 is to the south (Figure 2C, Appendix
C). The predominant trend for groundwater flow in Unit 2 is to the south with variability to the southeast and
southwest, consistent with previous events.

The inferred groundwater flow direction from wells screened in Unit 3 is to the south-southeast (Figure 3C,
Appendix C), which is consistent with previous results.

The inferred groundwater flow direction in Unit 4 is generally to the south-southeast (Figure 4C, Appendix
C). The inferred groundwater flow direction was consistent with previous results.

The inferred groundwater flow direction in Unit 5 is to the southeast (Figure 5C, Appendix C). This is
consistent with the anticipated groundwater flow which was thought to be to the south towards the Bow
River.

3.2 Groundwater Chemistry

3.2.1 Quality Assurance and Quality Control
Various methods of QA/QC were implemented throughout the program including the collection and
analysis of trip blanks, equipment blanks, and duplicate samples. The results of the QA/QC sample



Clifton November 2020 Monitoring & Sampling Event CG3418 /005 9

analyses are represented in Tables 1-5, Attachments.

3.2.1.1 Trip Blanks

Six trip blanks were submitted for analysis of BTEX and VOCs with the field samples to assess the
potential for cross-contamination during the handling and transport of the samples. There were no
detections of any volatile compounds in the trip blanks. Refer to Table 1 in the Attachments for the trip
blank results.

3.2.1.2 Equipment Blanks

Six HYDRASIeeve™ and three bailer equipment blank samples were also submitted for analysis of BTEX,
PHC fraction F1 and F2, and VOCs. This process involves obtaining organic-free water from AGAT
Laboratories Ltd., placing it into the sampling device and then filling the appropriate sample bottles. All the
equipment blank samples came back below the reportable detection limits. This indicates that there is little
evidence to support that the sampling equipment would have caused cross-contamination and affected the
sampling results. Detections of volatile components have been observed in previous sampling events and
Clifton will continue to collect equipment blank samples during previous events. Refer to Table 2 in the
Attachments for the field duplicate results.

3.2.1.3 Field/Laboratory Duplicates

Eleven field duplicates were submitted for analyses of BTEX, PHC fractions F1 and F2, and VOCs. In
addition, three duplicates were submitted for analyses of routine parameters. The relative percent
differences (RPDs) ranged from 0% to a maximum of 40% for PHC fraction F1 in BH1982. The field
duplicates for all constituents sampled were below the acceptable RPD of 80%. Refer to Tables 3 to 5 in
the Attachments for the field duplicate results.

Clifton reviewed the QA/QC summary included in the AGAT laboratory analysis reports and did not
observe any integrity flags raised by AGAT.

3.2.2 Distribution of BTEX and PHC Fractions F1 and F2

The BTEX and PHC Fractions F1 and F2 data can be found in Table 6, Attachments. The data includes
samples collected from 2018 to 2020. A Site plan showing the lateral distribution of benzene exceedances
by stratigraphic unit from the November 2020 sampling event is presented in Figure 5.

One-hundred and four samples (excluding duplicates and trip blanks) were submitted for laboratory
analysis of BTEX and PHC fractions F1 and F2. Of the BTEX and PHC fractions F1 and F2, benzene was
the most frequently detected and had the most exceedances of the AEP 2019 Tier 1 Guidelines. Also, with
few exceptions, the remainder of the BTEX and PHC F1 and F2 compounds detected were associated with
a detection or exceedance of benzene in the same sample. For these reasons, benzene is considered
representative of the BTEX and PHC fractions F1 and F2 throughout this discussion. For the BTEX and
PHC F1 and F2 constituents, the plume margin is defined by the AEP 2019 Tier 1 Guideline for benzene of
0.005 mg/L. This guideline is based on protection of groundwater used for drinking water.
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Twenty-seven of the 104 sample results exceeded the AEP 2019 Tier 1 Guidelines for one or more of the
BTEX and PHC fractions F1 and F2 parameters. One sample result, from EX5 exceeded the Site-Specific
Tier 2 Guidelines generated for the protection of human health through the vapor inhalation pathway. As
EX5 is an extraction well for the remediation system and is actively drawing water from the contaminated
zone it is to be expected that this well, along with the other extraction wells, would have elevated
contaminant levels.

Benzene has been detected in concentrations in excess of the AEP 2019 Alberta Tier 1 Guidelines in Units
1, 2, and 3. Concentrations of benzene ranged from below detection (<0.0005 mg/L) to a maximum of
5.79 mg/L in EX-5 (Unit 3). Notable changes in benzene concentrations, when compared to the last
sampling event include: BH1911 met the AEP 2019 Tier 1 Guidelines and was below detection limits for
the first time since its installation; and, BH2005 which exceeded in the last event and has an increasing
trend (Section 3.3.2) returned a result below detection limits.

3.2.3 Distribution of 1,2-DCA

The 1,2-DCA data can be found in Table 7, Attachments. The data includes samples collected from 2018
to 2020. A Site plan showing the lateral distribution of 1,2-DCA exceedances by stratigraphic unit from the
November 2020 sampling event is presented in Figure 6.

One hundred and four samples (excluding duplicates and trip blanks) were submitted for laboratory
analysis of VOCs. 1,2 -DCA was the most frequently detected VOC and had the most exceedances of the
AEP 2019 Tier 1 and 2 Guidelines. Also, with few exceptions, the remainder of the VOC compounds
detected were associated with a detection or exceedance of 1,2-DCA within the same sample. For these
reasons, 1,2-DCA is considered representative of the VOCs throughout this discussion. The plume margin
is defined as the AEP 2019 Tier 1 Guideline for 1,2-DCA of 0.005 mg/L.

Twenty-six of the 104 sample results exceeded the AEP 2019 Tier 1 Guidelines for 1,2-DCA. 1,2-DCA has
been detected at concentrations greater than the AEP 2019 Tier 1 Guidelines in Units 2, 3, and 4.
Concentrations of 1,2-DCA ranged from below detection (<0.001 mg/L) to 0.161 mg/L (BH4003A). No
samples exceeded the Site-Specific Tier 2 Guidelines generated for the protection of human health through
the vapor inhalation pathway. Notable changes in 1,2-DCA concentrations, when compared to the last
sampling event include: BH1905 was below the AEP 2019 Tier 1 Guidelines for the first time since its
installation; BH1911 was below detection limits for the first time since its installation; and BH2006
exceeded the AEP 2019 Tier 1 Guidelines for the first time since 2018.

3.3 Concentration Trends and Decay Rates

3.3.1 Approach

3.3.1.1 Mann - Kendall
A Mann-Kendall (Mann, 1945; Kendall, 1975; Gilbert, 1987) Plume Stability Analysis (M-K PSA) has been
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applied to select monitoring wells to assess concentration trends for benzene and 1,2 — DCA. The
assessment was completed on any monitoring wells which showed an exceedance of benzene or 1,2-DCA
over the AEP 2019 Tier 1 and 2 Guidelines within one of the four most recent sampling events. As a result
of the expanded M-K PSA, 34 monitoring wells have been used for determining benzene trends and 33
monitoring wells for 1,2-DCA trends.

For sampling events where the concentration of the compound was less than the reportable detection limit,
the detection limit was conservatively used as the concentration for the purposes of MK-PSA calculation. In
some cases, the monitoring wells were sampled with multiple methods (non-purge and conventional purge
and bailer). For the M-K PSA analysis a single sampling method was represented.

The GSI Mann-Kendall Toolkit (2012) was used to calculate the M-K PSA. The Toolkit applies the “S”
statistic, confidence factor (CF) and coefficient of variation (COV) to determine if the concentrations are
increasing (CF>95%), probably increasing (95%>CF>90%), have no trend (CF<90% or CF <90% and
COV>1), are stable (CF <90% and COV<1), are probably decreasing (95%>CF>90%) or are decreasing
(CF>95%).

3.3.1.2 SourceDK

In addition to the use of the M-K PSA, Clifton has also conducted an initial assessment of decay rates for
benzene and 1,2-DCA at select wells. Decay rates and predicted time to reach applicable guidelines were
calculated from the concentration data using the SourceDK spreadsheet application (GSI 2011). The Tier 1
empirical approach was used. This approach extrapolates the estimated timeframe for a monitoring well to
reach a specific guidance value based on a log concentration vs. time graph. The concentrations used in
the decay rate estimates are those on the decay portion of the concentration curve (i.e. decreasing
concentrations)..

This analysis was applied to select monitoring wells for each specific parameter (Benzene or 1,2 -DCA), for
which the current concentrations exceed the AEP 2019 Tier 1 Guidelines and the M-K PSA analysis
indicated a “decreasing” or “probably decreasing” trend. Based on this, the decay analysis was applied to
16 monitoring wells for benzene and 12 monitoring wells for 1,2 -DCA. The calculations were applied with a
95% upper/lower confidence level (UCL and LCL) in order to provide an estimated timeframe range to
reach the guidance value. The guidance value applied to the analysis was 0.005 mg/L for both benzene
and 1,2-DCA which corresponds with the AEP 2019 Tier 1 Guidelines.

It is important to note that SourceDK is a screening level tool to estimate remedial timeframes and
uncertainties associated with those timeframes. The intended purpose of using this tool for the Site is to
provide a snapshot of potential remedial timeframes based on current data sets and existing conditions
primarily under a natural attenuation approach.

3.3.2 Trends - Benzene Concentrations
Based on the current dataset, Clifton performed an M-K PSA to incorporate all monitoring wells that have
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had an exceedance of benzene in any of the last four monitoring and sampling events. As a result, the M-K
PSA was performed on 34 monitoring wells.

Results from the M-K PSA for benzene are summarized in the table below.

Table 3 — M-K PSA for Benzene

Increasing BH1910, BH1944, BH2005

Probably Increasing BH1906

No Trend BH1907, BH1977, BH4003A, BH4006, BH4007, EX3, EX6
Stable BH4005, EX5

Probably Decreasing BH1904

BH1905, BH1911, BH1912, BH1915, BH1921, BH1924,
Decreasing BH1925, BH1928, BH1929, BH1939, BH1956, BH1967,
BH1971, BH1982, BH510A, BH1704, EX1, EX2, EX4, EX7

The data presented above is graphically depicted in Figure 7 of the attachments. The trends have been
classified as Increasing and Probably Increasing, No Trend/Stable, and Decreasing and Probably
Decreasing.

Based on the results obtained during the most recent groundwater monitoring and sampling event,
approximately 74% (77 of 104 wells) of the samples met the AEP 2019 Tier 1 Guidelines. This the same as
the last event and is 3% greater than during the previous Fall sampling event. Of the monitoring wells
analyzed,18 are showing a probably decreasing or decreasing trend, four are showing a probably
increasing or increasing trend, and the remainder are either stable or show no trend following the results of
the most recent sampling event. There was one additional monitoring well indicated as having an
increasing trend when compared to the last monitoring and sampling event, BH1906.

A copy of the M-K PSA results are provided in Appendix D.
3.3.3 Decay Rates - Benzene Concentrations

A decay rate analysis was completed on all the monitoring wells that were considered to be probably
decreasing or decreasing aside from BH1911, BH1928, BH1929, BH1939, and BH1956 as these
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monitoring wells all met the AEP 2019 Tier 1 Guidelines during the most recent sampling event. In addition,
extraction wells EX4 to EX7 were also not included as part of this assessment as they are currently
operational. The DPVE system is designed to actively draw dissolved phase hydrocarbon and residual
LNAPL towards the extraction wells, and therefore, the concentrations measured in these, would be
influenced by its operation.

The decay rate analysis information is presented in Table 4.

Table 4 — Predicted Time to Guideline Concentration for Benzene

Predicted Year

Applicable to Meet Estimated Estimated
Monitoring Well G;Jni1dgel:i;\e Applicable Timef:'_acnl;z (95% Timef[jag:_e)z (95%
Guideline
BH1904 0.005 2094 2048 CNC
BH1905 0.005 2027 2021 2072
BH1912 0.005 2024 2023 2025
BH1915 0.005 2021 2019 2024
BH1921 0.005 2021 2018 2035
BH1924 0.005 2046 2035 2075
BH1925 0.005 2022 2020 2025
BH1967 0.005 2030 2027 2033
BH1971 0.005 2022 2019 2026
BH1982 0.005 2027 2025 2030

BH510A 0.005 2034 2024 2163




Clifton November 2020 Monitoring & Sampling Event CG3418 /005 14

Table 4 — Predicted Time to Guideline Concentration for Benzene

Predicted Year

Applicable to Meet Estimated Estimated
Monitoring Well Guideline . Timeframe (95% Timeframe (95%
(mg/L) ECa S LCL) ucL)
g Guideline
BH1704 0.005 2030 2026 2037
EX1 0.005 2021 2017 2035
EX2 0.005 2027 2023 2032

Notes: CNC — Could Not Calculate.

Based on the decay rate analysis the AEP 2019 Tier 1 Guideline for benzene could be theoretically
achieved in less than 15 years for 12 of 14 monitoring wells assessed. The remaining two wells are in
areas which show relatively higher concentrations, albeit in decreasing trends, and therefore it can be
expected for there to be a longer timeframe associated with achieving the AEP Tier 1 Guidelines in these
locations. As stated in the introduction to the SourceDK software, these predicted timeframes also include
a level of uncertainty captured in the lower and upper confidence intervals and are intended to provide a
screening level assessment for remediation to guideline timeframe.

The decay rates, as trend charts for each monitoring well, can be found in Appendix E.

3.3.4 Trends — 1,2-DCA Concentrations

Based on the current dataset, Clifton performed an M-K PSA on all monitoring wells with an exceedance of
1,2-DCA within the last four monitoring and sampling events. As a result, the M-K PSA was performed on
33 monitoring wells.

Results from the M-K PSA on 1,2-DCA are provided in the table below.



Clifton November 2020 Monitoring & Sampling Event CG3418 /005 15

Table 5 — M-K PSA for 1,2 - DCA

Increasing BH2006, BH4003A

Probably Increasing BH1907, BH1910

No Trend BH1928, BH1981, BH1937, EX7

Stable BH1971, BH4006, BH4007, BH4009A, BH510A, BH1704,
EX2, EX5

Probably Decreasing BH1906, BH1911, BH1921
BH1905, BH1912, BH1915, BH1924, BH1925, BH1929,

Decreasing BH1939, BH1956, BH1967, BH1974, BH1982, EX1, EX4,

EX6

The data presented above is graphically depicted in Figure 6 of the attachments. The trends have been
classified as Increasing and Probably Increasing, No Trend/Stable and Decreasing and Probably
Decreasing.

Based on the results obtained during the most recent groundwater sampling event approximately 76% (79
of 104 wells) of the samples met the AEP 2019 Tier 1 Guidelines. This is the same as the last sampling
event and 3% greater than the previous Fall sampling event. An M-K PSA was performed on 33 monitoring
wells for 1,2-DCA. Fifteen of the wells showed a probably decreasing or decreasing trend. Previously
BH1906, BH1911, BH1912, and BH1921 were considered stable/no trend but were indicated to be
decreasing following the addition of the November 2020 results. Four wells have a probably increasing or
increasing trend. There were only two monitoring wells after the last event which were noted to have an
increasing or probably increasing trend. After the addition of the November 2020 data BH1907 and
BH4003A were both indicated to have an increasing or probably increasing trend along with BH1910 and
BH2006.

A copy of the M-K PSA results is provided in Appendix D.
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3.3.5 Decay Rates — 1,2 DCA

A decay rate analysis was completed on all the monitoring wells that were probably decreasing and
decreasing aside from BH1905, BH1911, BH1929, and BH1956 as these monitoring wells all met the AEP
2019 Tier 1 Guidelines during the most recent sampling event. In addition, extraction wells EX-4 to EX-7
were also not included as part of this assessment as they are currently operational. The DPVE system is
designed to actively draw dissolved phase hydrocarbon and residual LNAPL towards the extraction wells,
and therefore, the concentrations measured in these, would be influenced by its operation.

The results of the decay rate analysis for 1,2-DCA are presented in the table below.

Table 6 — Predicted Time to Guideline Concentration for 1,2-DCA

Predicted Year

Abblicable to Meet Estimated Estimated
Monitoring Well . pp. . Timeframe (95%  Timeframe (95%
Guideline(mgl/L) Applicable
- LCL) UCL)
Guideline
BH1906 0.005 2043 2025 CNC
BH1912 0.005 2027 2026 2029
BH1915 0.005 2023 2020 2029
BH1921 0.005 2051 2037 2097
BH1924 0.005 2040 2030 2076
BH1925 0.005 2024 2021 2030
BH1939 0.005 2027 2026 2029
BH1967 0.005 2027 2024 2034
BH1974 0.005 2030 2020 CNC
BH1982 0.005 2026 2023 2031
EX1 0.005 2018 2016 2026

Notes: CNC-Could not calculate.
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Based on the decay rate analysis the predicted year to meet the AEP 2019 Tier 1 Guideline for 1,2-DCA in
nine of the 11 monitoring wells assessed was within a 15 year time-frame. The remaining wells are
predicted to reach the AEP Tier 1 Guidelines within a 15 to 31 year time-frame. As stated in the
introduction to the SourceDK software these predicted timeframes also include a level of uncertainty
captured in the lower and upper confidence intervals and are intended to provide a screening level
assessment for remediation to guideline timeframe.

3.4 Chemical Evidence of Biodegradation

Nineteen monitoring wells installed throughout Unit 3 have been sampled for routine chemistry analysis to
determine if there is evidence to suggest biodegradation of benzene and 1,2-DCA is occurring. The
selected monitoring wells are located at the extents of the inferred groundwater plume as well as at areas
within the plume to provide comparative data in areas of higher and lower PHC and VOC concentrations.
The results from the routine groundwater chemistry are presented in Table 8.

3.4.1 Background

Biodegradation is one aspect of the natural attenuation of contaminants within soil and groundwater.
Natural attenuation can also occur through the processes of diffusion, dilution, dispersion, sorption,
volatilization, and in the case of 1,2-DCA, through abiotic transformations. Biodegradation can occur under
aerobic and anaerobic conditions, where the PHCs and VOCs are used as electron donors. Therefore, the
availability of electron acceptors is the primary limiting factor in the success of biodegradation. Laboratory
analysis of routine chemistry was completed to determine if there is evidence to suggest biodegradation of
benzene and 1,2-DCA is occurring.

Biodegradation of petroleum hydrocarbons can be indirectly observed as changes in the concentration of
certain dissolved ions, nutrients, and metals in groundwater resulting from reduction-oxidation (redox)
reactions in the subsurface. Redox reactions occur in a predictable order in the subsurface based on
electrical potential. Generally, the following redox reactions can be expected, in approximately the
following order:

07 + 4H* 4+ 5¢~ - H,0 - Aerobic Respiration
2NO;~ + 12H* + 10e~ - N, + 6H,0 - Nitrate Reduction (anaerobic)
MnO, + 4H* + 2e~ —» Mn?* + 2H,0 - Manganese Reduction (anaerobic)
Fe3* + e~ - Fe?* — Iron Reduction (anaerobic)
S0, 4+ 8H* + 2e~ - 52~ + 4H,0 - Sulphate Reduction (anaerobic)

1,2-DCA can be rapidly degraded if oxygen is available. However, the oxygen demand of the competing
petroleum hydrocarbons makes it less likely that oxygen will be available in the source area or mid-
gradient portions of the plume (US EPA, 2008). During the anaerobic degradation of 1,2-DCA the electron
acceptors would be, in the order of preference, nitrate, ferric iron oxyhydroxide, sulfate, and finally carbon
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dioxide. The condition during the final stage of anaerobic degradation in which carbon dioxide is the
electron acceptor is called methanogenesis (US EPA, 1998).

Generally, where biodegradation is occurring, increases in concentrations of the reduced electron
acceptors dissolved iron (Fe?*) and dissolved manganese (Mn %*) will be observed in the groundwater.
Similarly, decreases in concentrations of the oxidized electron acceptors dissolved oxygen (O?*), sulfate
(SO4%), and nitrate (NO3") will be observed in the groundwater. These reactions can be affected by the
type of soil in the area, as well as the type and concentration of the contaminants in the soil and
groundwater, resulting in variation in the rate of reactions and the order of redox reactions taking place.

Multiple lines of evidence are required to determine if biodegradation is occurring at a Site, including the
reduction of contaminant mass, evidence of the redox reactions, and if required, additional testing of
biological activity. The reduction of contaminant mass is supported by assessing the concentration trends
(e.g., Mann Kendall tests). The monitoring wells in which the contaminant mass is indicated as deceasing
may be undergoing biodegradation.

To assess evidence of redox reactions during the 2020 May and June Groundwater Monitoring and
Sampling, Clifton obtained groundwater samples for analysis of routine chemistry from 19 monitoring
wells. Ten samples were obtained from the extents of the inferred plume in which the concentrations in the
monitoring wells had always been below detection limits, with the exception of BH1984 which had previous
detections and exceeded the AEP Tier 1 Guidelines prior to 2017. An additional nine samples were
obtained from areas within the inferred plume to determine if there was a spatial difference in geochemical
parameters which may be indicative of biodegradation. Table 8 of the Attachments documents the full
analytical results for routine groundwater chemistry. As the performance of the permeable reactive barrier
continues to be assessed and the extents of the inferred plume are re-evaluated the monitoring wells used
to represent the inferred plume extents and the chemistry within the inferred plume will also have to be
reassessed.

The table below provides a summary of the analysis of the wells that were sampled for routine chemistry,
organized by location in reference to the inferred groundwater plume. The representative parameters
benzene and 1,2-DCA have also been used as a proxy for biodegradation indicators in the table below to
compare concentrations within and at the extents of the groundwater plume.

Table 7 — Summary of Monitoring Wells Analyzed for Biodegradation Indicators

BH1918, BH1927, BH1953, BH1958, BH1962, BH1984,

LS Sl Sl e S BH2003, BH2010, BH2012 and BH3001A

BH1906, BH1910, BH1925, BH1928, BH1944, BH1956,

Wells Sampled within Plume BH1982, BH4007 and EX7
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Table 7 — Summary of Monitoring Wells Analyzed for Biodegradation Indicators

Average Benzene Concentration (plume

extents)* <0.0005 mg/L

Average Benzene Concentration (within

) 0.68 mg/L
Average*1,2-DCA Concentration (plume <0.001 mg/L
extents)
Average 1,2-DCA Concentration (within 0.029 mg/L
plume)
Average Dlssolv*?d Oxygen Concentration 2.34 mg/L
(plume extents)
Av.erfo\ge Dlsszllled Oxygen Concentration 2.30 mg/L
(within plume)
Average Dissolved Nitrate (N)
Concentration (plume extents) 5.29 mglL
Average Dissolved Nitrate (N)
Concentration (within plume) 17.30 mglL
Average Dissolved Iron Concentration 0.07 mg/L
(plume extents)
Av.erfo\ge Dissolved Iron Concentration 117 mglL
(within plume)
Average Dissolved Sulphate
Concentration (plume extents) 40.6 mg/L
A Di

verage Dissolved Sulphate 39.5 mg/L

Concentration (within plume)

Average Dissolved Manganese 0.17 mg/L
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Table 7 — Summary of Monitoring Wells Analyzed for Biodegradation Indicators

Concentration (plume extents)

Average Dissolved Manganese

Concentration (within plume) USR]

NOTES:

Where the result was less than the reportable detection limit (RDL) half of the RDL was used in the average calculations.

*BH1918 and BH1953 were excluded from the BTEX and VOC sampling event as they have always had non-detectable concentrations and are
not included in the average benzene or 1,2-DCA results.

**Qutlier data including, DO concentrations which are greater than 10 times the average concentration, were excluded from the average DO

concentration calculation.

3.4.2 Assessment of Biodegradation of BTEX and PHC F1/F2

Based on a review of the average dissolved oxygen concentrations, the dissolved oxygen concentrations
vary little throughout the plume. This is in contrast to the last Fall sampling event where on average the
concentrations of dissolved oxygen within the plume were less than on the plume extents; which would be
expected as higher PHC concentrations would drive the dissolved oxygen down during aerobic
degradation.

As a result of the application of the PlumeStop™ and ORC injections the dissolved oxygen concentration
has artificially increased along and downgradient of 11" Avenue NW. This could be observed in the
dissolved oxygen concentration in BH1928 which was 26.8 mg/L and approximately 10 times higher than
the average dissolved oxygen concentration of the remaining wells. With respect to biodegradation, the
primary mechanism will be through the aerobic pathway as long as there is sufficient dissolved oxygen
content within the groundwater. A dissolved oxygen content of 0.5 mg/L or greater is generally sufficient to
promote aerobic biodegradation as the primary mechanism of biological decay within the groundwater (US
EPA, 2017). All wells which were sampled contained a dissolved oxygen concentration greater than 0.5
mg/L, which suggest that aerobic degradation should not be currently constrained by lack of oxygen.

As explained earlier, under increasingly anaerobic biodegradation conditions, lower concentrations of
dissolved nitrate and dissolved sulphate as well as increased concentrations of dissolved iron and
manganese can be expected within the core of the inferred plume when compared to background
conditions. The concentration of dissolved nitrate appeared, on average, lower at the inferred plume
extents than within the plume. If anaerobic biodegradation through nitrate reduction is occurring, we would
expect to see lower dissolved nitrate concentrations within the central areas of the inferred plume. The fact
that we are not seeing these differences may suggest that nitrate reduction is not currently a significant
mechanism of PHC degradation.
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Concentrations of iron and manganese did appear, on average, higher within the inferred plume as
compared to the extents of the plume. Dissolved sulphate did not appear to vary significantly between
wells within the inferred plume and at the extents of the plume. This evidence could potentially support the
idea that anaerobic biodegradation is (or was) occurring within the plume. However, the presence of
dissolved oxygen concentrations at levels to promote aerobic biodegradation may still suggest that aerobic
degradation is the primary mechanism of biodegradation.

3.4.3 Assessment of Biodegradation of 1,2-DCA

The degradation of 1,2-DCA varies in comparison to PHCs. Although the mechanisms for aerobic and
anerobic biodegradation are similar, the oxygen demand of PHC degradation generally does not allow for
aerobic degradation of 1,2-DCA. However, as the oxygen concentrations within certain portions of the
plume have been artificially increased through ORC injections there may be enough oxygen to allow for the
aerobic degradation of 1,2-DCA.

Unlike PHCs, VOCs also undergo abiotic transformations (US EPA, 2008). As part of the abiotic
transformations that occur to 1,2-DCA, the product is slowly hydrolyzed by water. This reaction would
produce 2-chloroethanol and vinyl chloride with vinyl chloride being the minor product. Vinyl chloride is a
constituent that is included in the current VOC analysis. This compound has been below detection limits in
all monitoring wells since at least 2018. Although detections of vinyl chloride would indicate degradation of
1,2-DCA their absence does not mean this reaction is failing to take place, as vinyl chloride is only the
minor product and may be present at concentrations below detection. However, this is a slow process with
a half-life of 300 years at 15°C (US EPA, 2008).

In addition, 1,2-DCA can react with sulfide which is produced at the end of the sulfate reduction reaction
through the series of reactions shown below:

4H, + SO;2 - S™2 + 4H,0
2Fe*3 + 3572 - 2FeS + S°
2FeS + S° - FeS,

This abiotic reaction of 1,2-DCA can occur on the surface of solid iron sulfide. Iron sulfide was not
measured directly so it is unknown whether solid iron sulfide is present and how it compares between the
plume extents and within the plume. Although iron sulfide was not directly measured, sulphate and iron, the
key compounds for the reaction to take place, were analyzed. There was a relatively low presence of iron
along with higher concentrations of sulphate. The sulphate concentrations were fairly consistent throughout
the Site, with higher iron concentrations within the plume. The availability of these compounds could
support the abiotic degradation of 1,2-DCA.

Considering the aerobic and anaerobic degradation of 1,2-DCA, the same factors can be used in the
assessment as with PHCs (dissolved oxygen, nitrate, manganese, iron, and sulfate). Nitrate can also be
used as an indicator of aerobic degradation of 1,2-DCA. Higher concentrations of nitrate would suggest



Clifton November 2020 Monitoring & Sampling Event CG3418 /005 22

that aerobic biodegradation is still occurring as the nitrate would not have been consumed yet during
anaerobic degradation (US EPA, 2008). Along with the elevated dissolved oxygen concentrations all of the
monitoring wells also had elevated nitrate concentrations, with nitrate concentrations within the plume
greater than those at the plume extents, which indicate suitable conditions for aerobic degradation.

An additional abiotic transformation that 1,2-DCA can undergo during anaerobic degradation is reductive
dichlorination. The products of this reaction would be chloroethane and chloride. Chloroethane is included
in the VOCs analysis and was completed on every monitoring well at the Site. The concentrations were
below detection in every monitoring well during this sampling event. Chloride was analyzed as part of the
routine water chemistry parameters completed on the 19 monitoring wells used in the assessment of
biodegradation. If reductive dechlorination is occurring, we may see increases in chloride within the 1,2-
DCA contaminated areas. The average concentration of chloride at the extents of the plume was 217 mg/L
and the average concentration of chloride within the plume was 260 mg/L. The concentration within the
plume was slightly elevated when compared to the plume extents which may indicate that reductive
dechlorination is occurring. However, reductive chlorination may not produce enough of a change in the
chloride concentrations to be measurable and the specific stoichiometry of the reaction has not been
completed by Clifton. Therefore, the comparison of the concentrations of chloride cannot be used as
empirical evidence that reductive dichlorination is in fact occurring.

3.4.4 Summary

The concentrations of dissolved oxygen indicate that the conditions on Site are conducive to aerobic
degradation which affects PHCs and 1,2-DCA. With the addition of ORC injections, the dissolved oxygen
concentrations have been artificially increased to promote degradation. This may allow for the aerobic
degradation of 1,2-DCA, which is not always possible as the dissolved oxygen demand of PHC
degradation may be high enough that little oxygen typically remains for the degradation of 1,2-DCA.

There is evidence that anaerobic degradation is occurring with the elevated concentrations of manganese
and iron within the plume which is consistent with anaerobic manganese and iron reduction. However, the
concentrations of nitrate were also greater within the plume which is inconsistent with anaerobic conditions
and the concentrations of sulphate did not vary greatly between the extents of the plume and the plume
itself. Therefore, the evidence as to whether or not the PHCs and 1,2-DCA may be undergoing anaerobic
degradation is inconsistent. As these reactions generally happen in the order described in Section 3.5.1 it
could be that there is still a sufficient amount of dissolved oxygen present for aerobic degradation and
therefore, there has been no necessity for anaerobic degradation to be taking place.

With respect to biodegradation of PHCs and 1,2-DCA, it is important to note that not all parameters will
degrade at the same rate. Biodegradation can happen through a number of different mechanisms and not
all geochemical parameters will indicate strong correlations. Therefore, it will also be meaningful to provide
an assessment of biodegradation by contaminant and use all evidence holistically. As presented in the
Stability Analysis section of this report, a preliminary decay rate assessment for benzene and 1,2-DCA was
completed on some monitoring wells which were showing a decreasing trend. This assessment can be
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used as an additional line of evidence that under current conditions the decay of the contaminants of
concern is occurring as a result of natural attenuation. Another line of evidence used in conjunction with
this assessment is the historical trends analyses of the individual monitoring wells. It should be noted that
there were several wells on-Site with exceedances that were also showing an increasing trend. As the
trend analysis completed only took into consideration monitoring wells which have had previous
exceedances there may also be other monitoring wells that have been below guidelines that also have an
increasing trend.

4.0 Conclusions

The data collected during this sampling event is generally consistent with previous sampling events. The
percentage of monitoring wells which met the AEP 2019 Tier 1 Guidelines for both benzene and 1,2-DCA
was the same as the last monitoring and sampling event. This was the third event since 2015 where no
LNAPL was detected on-Site. The first event was the previous Fall 2019 groundwater monitoring and
sampling event.

From a risk management perspective, this event had an exceedance of the Tier 2 Site-Specific Guidelines
for benzene whereas all results met these guidelines during the previous event. However, the exceeding
monitoring well was the extraction well EX5. As this well is part of the on-Site DPVE remediation system it
is actively drawing in contaminated groundwater. As such, the analytical results retrieved from this well are
not representative of natural, steady-state conditions.

Notable changes in benzene concentrations, when compared to the last sampling event, include:

+ BH1911 which met the AEP 2019 Tier 1 Guidelines and was below detection limits for the first time since
it's installation; and

+ BH2005 which had an exceedance of the Tier 1 guidelines and an increasing trend in the last event, but
returned a result below detection limits during this sampling event.

Notable changes in 1,2-DCA concentrations, when compared to the last sampling event, include:

* BH1905 which was below the AEP 2019 Tier 1 Guidelines for the first time since its installation;
* BH1911 was below detection limits for the first time since its installation; and
» BH2006 which exceeded the AEP 2019 Tier 1 Guidelines for the first time since 2018.

The updated trend analysis of monitoring wells with exceedances of PHCs indicates that most of the wells
are displaying stable or decreasing trends. However, the trend analyses for both benzene and 1,2-DCA
indicated that there were four wells with an increasing or probably increasing trend. The monitoring wells
with increasing or probably increasing trends of benzene were BH1906, BH1910, BH1944, and BH2005
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with BH1906 previously exhibiting no trend. The monitoring wells with increasing or probably increasing
trends of 1,2-DCA were BH1907, BH1910, BH2006, and BH4003A. Previously BH1907 was not exhibiting
a trend and BH4003A did not have enough data to calculate a trend.

All of the monitoring wells with increasing or probably increasing trends are located within Unit 3. The
monitoring wells with increasing trends are located throughout the Site: BH4003A is located within the
parking lot of the North Hill Mall; BH1907, BH1906, and BH1910 are located within Lions Park; and
BH2005, BH2006, and BH1944 are located south of 11" Avenue in Hounsfield Heights Park and in the
laneway between 15" and 16" Streets NW.

The PlumeStop™ injections were completed on 11" Avenue NW and the predominant groundwater flow
direction in all units was in a southernly direction. This would make the increasing monitoring wells
BH2005, BH2006, and BH1944 downgradient to the injections. With further groundwater monitoring and
sampling programs, results from these monitoring wells and the other downgradient monitoring wells may
begin to show the positive effects of the PRB.

A preliminary decay rate assessment shows that, based on current and historical groundwater trends,
some monitoring wells may potentially achieve the AEP 2019 Tier 1 Guidelines as quickly as 2021. This
assessment will need to be expanded to consider the effect of the DPVE, the PRB, and biodegradation as
well as to include more monitoring wells and potentially more constituents.

Lastly, an initial assessment of natural attenuation has shown that dissolved oxygen concentrations are
high enough to promote aerobic biodegradation. In addition, injections of ORC have increased the
dissolved oxygen content in areas of the plume along and downgradient of 11™ Avenue NW. The dissolved
oxygen content may even be high enough to surpass the oxygen demand for the PHCs and allow for the
aerobic degradation of 1,2-DCA. There is some evidence that anaerobic degradation may be occurring,
but additional data over time will be required to perform a more accurate assessment of anaerobic
biodegradation through reduction of nitrate, sulphate, iron, and manganese across the Site.

5.0 Closure

This report was prepared by Clifton Engineering Group on behalf of Suncor Energy Products Partnership. It
is intended for the sole use and exclusive use of and Suncor Energy Products Partnership, their affiliated
companies and partners and their respective insurers, agents, employees and advisors (collectively known
Suncor). The material in it reflects Clifton Engineering Group best judgment available to it at the time of
preparation. Any use that a third party makes of this report, or any reliance on or decisions to be made
based on it, other than by Suncor, are the responsibility of such third parties. Clifton Engineering Group
and Suncor accept no responsibility for damages, if any, suffered by any third party as a result of decisions
made or actions based on this report.
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This report has been prepared in accordance with generally accepted engineering practice common to the
local area. No other warranty expressed or implied is made.

No conclusions should be made based on this report regarding any concentrations of substances in other
areas of the Site. Other Contaminants of Concern may be present at the Site in areas that were not
investigated. Clifton Engineering Group accepts no responsibility for any deficiencies or inaccuracies in the
information provided in this report that are the direct result of intentional or unintentional
misrepresentations, errors or omissions of the persons interviewed, or information reviewed.

No environmental site investigation or remediation can wholly eliminate uncertainty regarding
environmental conditions in connection with a property. This investigation is intended to reduce, but not
eliminate the uncertainty regarding environmental conditions. Conclusions regarding the condition of the
Site do not represent a warranty that all areas within the site and beneath structures are of the same
quality as those sampled. Further, contamination could also exist in forms not indicated by the
investigation.

The work was based in part upon the environmental quality guidelines and regulations in effect when the
work was begun. Future regulatory changes may require reassessment of the findings of this investigation.

Copying or distributing this report or use of or reliance on the information presented within it, in whole or
part, other than by Suncor, is not permitted without written consent from Clifton Engineering Group.
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Figure 1C - Fall 2020 Unit 1 Inferred Groundwater Flow Direction
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Figure 1C - Fall 2020 Unit 1 Inferred Groundwater Flow Direction


Figure 2C - Fall 2020 Unit 2 Inferred Groundwater Flow Direction
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Figure 2C - Fall 2020 Unit 2 Inferred Groundwater Flow Direction


Figure 3C - Fall 2020 Unit 3 Inferred Groundwate Flow Direction
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Figure 3C - Fall 2020 Unit 3 Inferred Groundwate Flow Direction


Figure 4C - Fall 2020 Unit 4 Inferred Groundwater Flow Direction
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Figure 4C - Fall 2020 Unit 4 Inferred Groundwater Flow Direction
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Figure 5C - Fall 2020 Unit 5 Inferred Groundwater Flow Direction
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Figure 5C - Fall 2020 Unit 5 Inferred Groundwater Flow Direction
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