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EXECUTIVE SUMMARY

The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2021 groundwater
and vapour monitoring program at the former landfill located beneath the Great West Adventure Park (GWAP),
located within Lot 1 MR Plan 8322386, within the north half of Section 17-038-27 W4M, in Red Deer, Alberta,
hereafter referred to as “the site”. The objective of the monitoring program is to confirm potential environmental
concerns related to former operations at the site.

The current groundwater monitoring network at the site consists of six monitoring wells (MW-01, MW-02, MW-03,
MW-04, MW-05, and an on-site groundwater well for the BMX Club). The BMX Club well is not used as a source of
potable water but used for dust control and watering grass. The current vapour monitoring network consists of three
vapour monitoring wells (VW-01, VW-02, and VW-03); VW-03 was installed in 2021.

Tetra Tech’s scope of work for the 2021 monitoring and sampling program at the GWAP site included conducting
semi-annual events of groundwater and vapour monitoring, and annual groundwater sampling at MW-02 and the
BMX Club well, reviewing and updating previous recommendations for the site, and preparing an annual report.
The analytical groundwater parameters included pH, electrical conductivity (EC), major ions, total dissolved
solids (TDS), nutrients, and dissolved metals.

Key findings of the 2021 environmental monitoring program and conclusions include the following:

The groundwater elevations in 2021 were consistent with the 2019 results and the inferred groundwater flow
direction was to the northeast. The average horizontal hydraulic gradients at the site were 0.003 m/m in
July 2021 and November 2021. This is consistent with observations made historically. Groundwater elevations
in 2021 were overall slightly lower than the groundwater elevations measured previously in 2019.

In 2021, the groundwater analytical results from MW-02 were similar to 2019 with concentrations of TDS,
chloride, dissolved arsenic, dissolved iron, and dissolved manganese exceeding the Tier 1 Guidelines. The
measured concentrations of TDS, chloride, dissolved iron, and dissolved manganese were generally consistent
with previous results and are interpreted to reflect natural groundwater quality.

The chloride concentration at MW-02 in 2021 (290 mg/L) was greater than the Tier 1 Guideline and increased
from the 2019 chloride concentration (233 mg/L). Chloride concentrations previously measured in 2019 were
greatest at up-gradient well MW-01 and are likely due to road salt use in the area and are not necessarily related
to landfill impacts.

The concentration of dissolved arsenic was greater than the Tier 1 Guideline at MW-02. The dissolved arsenic
concentration measured at MW-02 in 2021 (0.00880 mg/L) was marginally greater than the guideline for the
protection of freshwater aquatic life (0.005 mg/L) and consistent with concentrations measured in 2019. The
dissolved arsenic concentrations are interpreted to not be of concern.

The BMX Club well is not used as a source of potable water but used for dust control and watering grass. The
water quality of the BMX Club well was similar to the water quality of the on-site monitoring wells with
concentrations of TDS, chloride and dissolved manganese exceeding the Tier 1 Guidelines. Overall,
groundwater quality at the BMX well was very similar to shallow groundwater quality in the area (particularly
MW-03) despite being installed in a deeper unit (greater than 30 m deep). There are no obvious leachate
impacts in this well based on the sampling results.

Methane concentrations measured in headspace of the groundwater monitoring wells and at the soil vapour
probes, including the results of newly installed probe VW-03 near Riverbend Village Apartments, were
consistent with results obtained in 2013 and 2019 and do not indicate obvious impacts related to the buried
wastes. Methane concentrations measured during the first two monitoring events at newly installed VW-03 were
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non-detect. The results suggest that the risk for vapour migration from the site to the Riverbend Village
Apartments is low.

Ongoing risk management is recommended, including the following risk management elements.

Ongoing Monitoring:

Continuation of a groundwater or vapour monitoring program is not warranted; however, the vapour and
groundwater monitoring wells should be maintained for potential future assessments. It is recommended to
conduct an annual site check to verify site drainage and the integrity of the landfill cover, monitoring wells,
and vapour probes.

Risk Management:

In consideration that buried waste remains beneath the site, and as recommended in the risk management
plan (RMP) prepared by Tiamat Environmental Consultants Ltd. (Tiamat) in 2014, the risk management
approach for the site should be periodically reviewed and updated, if necessary. A review of the mitigative
measures completed in the 2019 groundwater and soil vapour monitoring report is included in Appendix B.

Administrative Actions:

Utilize the revised generic mitigative measures when evaluating applications for development within the
setback variance.

Regarding land development applications within the regulated setback to the east, across the Red Deer
River, the river is considered a natural barrier and vapour migrating from the site to future developments is
not considered to be a concern.

Ensure that the site is clearly identified within The City’s Land Use Bylaw and appropriate administrative
requirements are met for the site in accordance with The City’s policies.

Further to the above recommendations, the site remains an historical landfill. It presently appears to be well
maintained and capped. The City should review this status on an ongoing basis to ensure that the cover remains
intact and drainage remains positive; repairs or maintenance should be undertaken as required to maintain the site.
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LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of The City of Red Deer and their agents. Tetra Tech Canada Inc.
(Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations
contained or referenced in the report when the report is used or relied upon by any Party other than The City of Red Deer, or for
any Project other than the proposed development at the subject site. Any such unauthorized use of this report is at the sole risk
of the user. Use of this document is subject to the Limitations on the Use of this Document attached in Appendix A or Contractual
Terms and Conditions executed by both parties.

@ TETRA TECH
2021 Groundwater and Soil Vapour Monitoring Report - GWAP.docx



2021 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT - GREAT WEST ADVENTURE PARK
FILE: 704-SWM.SWOP04071-02.001 | JUNE 15, 2022 | ISSUED FOR USE

1.0 INTRODUCTION

The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2021 groundwater
and vapour monitoring at the former landfill located beneath the Great West Adventure Park (GWAP), located within
Lot 1 MR Plan 8322386, within the north half of Section 17-038-27 W4M, in Red Deer, Alberta, hereafter referred
to as the site. The objective of the monitoring program is to identify potential environmental concerns related to
former operations at the site.

In 2019, Tetra Tech conducted groundwater and soil vapour monitoring and sampling to identify potential
environmental concerns related to former operations at the site. The results were presented and discussed in the
2019 Groundwater and Soil Vapour Monitoring Report — Great West Adventure Park (Tetra Tech 2020). Key
findings and recommendations of the 2019 monitoring program are summarized in Section 1.1, and the objectives
and scope for the 2021 monitoring program are presented in Section 1.2.

The field components of the monitoring program were completed under Tetra Tech’s detailed work plans
encompassing the scope of work outlined in Section 1.2 below. The current report was completed under
Tetra Tech’s Limitations on the Use of this Document for conducting environmental work. A copy of these conditions
is provided in Appendix A.

1.1 2019 Report — Key Findings and Recommendations

The 2019 report identified no significant impacts related to the former landfill operations at most monitoring well
locations. However, the presence of residual impacts in the groundwater and buried landfill waste remaining
beneath the site require ongoing risk management. Key findings included:

The groundwater elevations in 2019 indicated that the inferred groundwater flow direction was to the northeast
and towards the Red Deer River.

Parameters that exceeded the Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Tier 1 Guidelines)
at one or more groundwater monitoring wells in 2019 included total dissolved solids (TDS), chloride, and
dissolved metals including aluminum, arsenic, cadmium, copper, iron, manganese, and selenium. The
measured concentrations of these parameters were generally consistent with previous results and
background/up-gradient concentrations and may reflect natural groundwater quality or may be elevated due to
inadequate filtration. Possible exceptions are the dissolved metal concentrations at MW-02, in particular
cadmium and arsenic.

The estimated risks and hazards associated with the soil vapour samples collected in December 2019 did not
exceed the corresponding target risk and hazard levels.

Based on these findings, the recommendations for the 2021 monitoring program were as follows:

For due diligence, based on the presence of buried waste and proximity of the apartments, confirmation of soil
vapour concentrations in the northeast area of the site is recommended with installation of one additional vapour
monitoring probe between the waste footprint and the apartments.

Conduct annual groundwater sampling at MW-02 to confirm the dissolved metal concentrations measured in
2019.

Determine the status of the Red Deer BMX Club water well located at the site. Confirm if the water well is being
used, the purpose of the well, and the water quality.
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1.2 Scope of Work

Based on the 2019 findings and recommendations (Tetra Tech 2020), the 2021 monitoring program scope of work
was outlined in the proposal titled 2021 Work Scope and Cost Estimate and was sent to the City of Red Deer on
March 2, 2021 (Tetra Tech 2021). The work conducted in 2021 included the following activities:

Installing a new vapour well along the north boundary of the site (VW-03) prior to the spring monitoring event.

Conducting semi-annual events of groundwater and vapour monitoring, including measuring headspace
vapours and groundwater levels within each monitoring well and observing monitoring well integrity.

Determining the status of the Red Deer BMX Club water well located at the site. Confirming if the water well is
being used, the purpose of the well, and the water quality.

Conducting annual groundwater sampling of the BMX Club well (if present) and groundwater monitoring well
MW-02 by:

- Purging monitoring wells until practically dry or until a minimum of three well volumes had been removed
and allowing the water levels in the wells to recover.

- Measuring field parameters (pH, electrical conductivity [EC], and water temperature) at the time of
sampling.

- Collecting groundwater samples from each well and submitting the samples for chemical analyses.
Conducting monitoring well repairs, as required.

Preparing an annual report summarizing the field activities undertaken for the year, interpreting the groundwater
and soil vapour monitoring results, interpreting the groundwater analytical results, and providing
recommendations for future monitoring activities at the site.

In the proposal titled 2021 Work Scope and Cost Estimate (Tetra Tech 2021), Tetra Tech recommended
semi-annual monitoring of groundwater well headspaces for methane as a useful screening tool in the absence of
vapour wells in other areas of the site. Subsequently, while headspace methane monitoring was conducted in 2021,
headspace monitoring for volatile organic compounds (VOCs) and combustible vapour concentrations (CVCs) was
not conducted.

2.0 BACKGROUND INFORMATION

2.1 General Information

The site is located within the north half of Section 17-038-27 W4M, within Lot 1 MR Plan 8322386. The site is zoned
P1 — Parks and Recreation and is located within the community of Riverside Meadows. The site is located on the
west bank of the Red Deer River, east of Kerry Wood Drive and North of Taylor Drive. The Red Deer River is
adjacent to the southeastern portion of the site and flows in a northeasterly direction. A general site location plan is
shown on Figure 1. The site has been developed and includes a BMX biking track, a small building, a parking lot,
a boat launch, and a pedestrian/biking trail. The surrounding land use consists of residential housing, Fairview
Elementary School, as well as commercial land use. Natural areas of the site consist of grasses and trees.
Figure 2 shows the site location with surrounding land use. Additional information on the site history, historical
groundwater monitoring investigations, geology, and hydrogeology can be found in Appendix B. Cross-sections that
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were prepared using the wells previously installed at the site in 2013 are included in Appendix C (from Tiamat
Environmental Consultants Ltd. [Tiamat] 2014).

2.2 2019 - Conceptual Site Model Summary

The selection of comparative guidelines is based on the conceptual site model (CSM), which outlines the rationale
for the selection of applicable exposure pathways and receptors at the site. This evaluation is based on guidance
presented in the Alberta Tier 1 Guidelines (Alberta Environment and Parks [AEP] 2019). The CSM that was
developed for the site in the 2019 groundwater and soil vapour monitoring report (Tetra Tech 2020) included the
following items:

Description of any identified environmental issues including a description of processes or activities undertaken
at or near the site and a listing of chemicals of potential concern (COPCs) identified in earlier investigations.

Description of known and reported historical releases, including locations and status of any subsequent
environmental site assessments (ESAs) and remediation.

Identification of applicable exposure pathways and receptors.

The CSM is summarized in the table below.

Summary of Exposure Pathways and Receptors for Soil and Groundwater

Release Mechanism COPC Migration Pathway Potential Receptor
Leachate infiltration into Inorganic parameters and Direct soil contact. Human users of the parkland;
foundation or through nutrients, metals, petroleum ecological plants and soll
cover. hydrocarbons (PHCs), invertebrates.

VOCs, and other indicator
parameters (i.e., biological Migration to groundwater | Domestic use aquifer (DUA)
oxygen demand [BOD] and users (water wells); drinking water; freshwater aquatic
chemical oxygen demand migration to the Red Deer | life in the Red Deer River.
[CODY)). River via groundwater.
Nutrient and energy Microbial functioning of the soil.
cycling.
Landfill gas (LFG) VOCs, methane, benzene, Vapour inhalation. Human users of the parkland;
emissions. toluene, ethylbenzene, and inhabitants of buildings near the
xylenes (BTEX), PHC parkland.
fractions, and siloxanes.

As recommended by AEP, the soil vapour results obtained during the 2019 investigation were compared to the
Canadian Council of Minister of the Environment’s (CCME’s) document A Protocol for the Derivation of Soil Vapour
Quality Guidelines for Protection of Human Exposures Via Inhalation of Vapours (CCME 2014). To determine the
appropriate guidelines to compare the vapour sampling results to, indoor air risk calculations were undertaken and
methane explosive risks were evaluated.

The CSM determined that the most applicable guidelines for groundwater and vapour results for the site were:

Groundwater concentrations at the site were compared to the Alberta Tier 1 Guidelines under residential land
use for coarse-grained soils (AEP 2019).

Soil vapour analytical results were compared to A Protocol for the Derivation of Soil Vapour Quality Guidelines
for Protection of Human Exposures Via Inhalation of Vapours under residential land use for both slab-on-grade
and basement for coarse-grained soils (CCME 2014).
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2.3 Monitoring Well Network

The groundwater monitoring network at the site consists of five monitoring wells (MW-01 to MW-05). Monitoring
wells were in good condition during the 2021 events. All of the monitoring wells are screened to the bottom of the
well through the native sand and gravel into the shale bedrock. MW-03 is also screened through sand fill. Monitoring
well completion details are summarized in Table 1.

During the July 2021 monitoring event, the Red Deer BMX Club water well was located near the club house. The
well appeared to be used on a regular basis and is equipped with a submersible pump. From talking to members
of the BMX Club, it was determined that the BMX Club well is not used as a source of potable water but used for
dust control and watering grass. A water well driller’s report is currently not available for the well. The depth of the
BMX Club well was not determined but was deeper than the length of the water level indicator that was used (greater
than 30 m).

The vapour monitoring network consists of three vapour monitoring wells; VW-01 located near the north end of the
site, VW-02 in the southwest corner of the site, and VW-03 located in the northeast portion of the site near the
Riverbend Village Apartments. Vapour monitoring well VW-03 was installed in 2021. The vapour wells were in good
condition during the 2021 monitoring events.

Groundwater and vapour monitoring well locations are shown on Figure 2. Borehole logs for all monitoring wells
and vapour wells are attached in Appendix F.

3.0 FIELD METHODOLOGY

3.1 Groundwater Monitoring and Sampling

A discussion of the methods used for the groundwater monitoring and sampling fieldwork and laboratory testing is
presented in the following section. In 2021, Tetra Tech conducted groundwater monitoring on July 7 and
November 20. Groundwater sampling was conducted on November 23, 2021.

3.1.1 Groundwater Monitoring and Sampling Methodology

Groundwater monitoring consisted of measuring methane in monitoring well headspaces, and static groundwater
levels in each monitoring well using an electronic water level indicator semi-annually (July and November).

The methodology for groundwater monitoring and sampling included the following:

Observing the integrity of each well and noting drainage and site conditions near the well that may have an
effect on monitoring results or groundwater quality.

Measuring the methane headspace concentrations in each well using an RKI Eagle Hydrocarbon Surveyor ||
(RKI Eagle) calibrated to methane.

Measuring liquid levels in each monitoring well with an interface probe and recording total depths confirming
absence of non-aqueous phase liquids (NAPL).

Recording of field data on standardized forms as documented in Tetra Tech standard operating practices.

Purging each monitoring well requiring sampling using dedicated polyethylene bailers or Waterra tubing with
inertial pump foot valves of at least three well volumes of water, or until the well was practically dry.

4
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The BMX Club well is equipped with a submersible pump; water was allowed to run through the tap for
30 seconds prior to sampling.

Following the completion of groundwater monitoring and purging, groundwater samples were collected from the
required wells using the procedures identified below:

Groundwater samples were collected from one monitoring well (MW-02) and the BMX Club well. Samples were
collected and placed into appropriate laboratory supplied, sterile glass and plastic vials and bottles for the
required analytical package. Samples were filtered and/or preserved in the field, as required.

Field measurements were taken for pH, EC, and temperature at the time of sampling.

Samples were submitted in coolers with ice to ALS Laboratory Group (ALS) in Calgary, Alberta for laboratory
analysis under chain-of-custody (COC) documentation.

3.1.2 Groundwater Analytical Program

The analytical program for the groundwater monitoring wells was developed based on the recommendations in
Section 1.1 and is summarized below:

Routine water chemistry parameters and dissolved metals.
Ammonia.

Phosphorus.

3.2 Vapour Well Installation

On May 3, 2021, a new vapour well (VW-03) was installed using a tracked drill rig and solid stem augers along the
northeast site boundary near monitoring well MW-04 to monitor LFG vapour near the Riverbend Village Apartments.
The vapour well was installed with 19 mm diameter polyvinyl chloride (PVC) pipe to a depth of 3.5 m below
grade (mbg) and screened with 19 mm slotted PVC pipe from 2.0 mbg to 3.5 mbg. Free water was not observed in
the borehole during the installation of the vapour well and materials were noted as dry. The borehole log of VW-03
is attached in Appendix F.

3.3 Vapour Monitoring Program

A discussion of the methods used for the fieldwork is presented in the following sections. In 2021, Tetra Tech
conducted vapour monitoring on July 9 and November 20.

3.3.1 Vapour Monitoring Methodology

Monitoring at the vapour monitoring probes (19 mm diameter) consisted of measuring and recording soil gas
pressure, composition (methane, carbon dioxide, oxygen, hydrogen sulphide, and balance) on a percent volumetric
basis, and groundwater elevation semi-annually (July and November).

The soil vapour probes were inspected for visible signs of damage and the position of the sampling labcock was
noted. Soil gas pressure was recorded using a digital manometer. Once the soil gas pressure was recorded, the
soil gas probes were purged of three well volumes of vapour with the GEM 5000 Analyzer (GEM), or until readings
stabilized.
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After purging, gas composition measurements for methane, carbon dioxide, oxygen, balance gas, and hydrogen
sulphide were recorded using the GEM analyzer. After recording soil gas concentrations, the probe/well depths and
water levels were measured to confirm the water level within the probe was beneath the screen portion of the soil
gas probes (i.e., the probe was not blinded).

After monitoring, the soil vapour probes sampling ports were returned to the closed position and the well was
securely locked.

4.0 RESULTS AND DISCUSSION

This section presents the results of the fieldwork conducted in 2021 at GWAP and discussions of these results.

4.1 Well Headspace Monitoring

The headspace vapour concentrations for 2021 are presented in Table 1 (groundwater wells) and Table 4 (soil
vapour probes). Based on the style of installation, different monitoring methodologies were utilized; however, the
instruments utilized were each calibrated to methane. The headspace methane concentrations for the groundwater
monitoring wells were measured with an RKI Eagle and the soil vapour probes were measured with a GEM. The
RKI Eagle detection limit ranges from 5 parts per million (ppm) to 100% of the lower explosive limit (LEL). For
methane, 500 ppm is equivalent to 1% LEL; 20% LEL is equivalent to 1% Gas. The GEM has a higher upper range
of detection; however, it is less accurate at low (ppm) levels.

In 2021, the water level for all groundwater monitoring wells and soil vapour wells were not above the monitoring
screens; therefore, no wells were blinded, and the vapour measurements are representative for in-situ soil vapours.

During the July 2021 monitoring event, methane headspace concentrations at the groundwater wells (measured
using the RKI Eagle) ranged from 25 ppm at MW-05 to 250 ppm at MW-03. During the November 2021 monitoring
event, methane headspace concentrations at the groundwater wells ranged from less than the instrument detection
limit at MW-04 to 290 ppm at MW-02. The highest methane concentration measured in groundwater monitoring well
headspaces at the site was 290 ppm at MW-04 in November 2021 and that measurement is equivalent to
0.03% Gas.

Methane concentrations (measured using the GEM) at vapour wells VW-01, VW-02, and VW-03 were less than the
instrument detection limit during both monitoring events in 2021. Wellhead pressures at the vapour wells were
negligible during both monitoring events in 2021. Carbon monoxide was detected at VW-03 in July 2021 (1.0%);
however, the concentration was less than the instrument detection limit in November 2021. Concentrations of
carbon dioxide, oxygen, and the balance gas were consistent during both monitoring events and the concentrations
measured in 2019.

Overall, methane concentrations measured in headspace of the groundwater monitoring wells and at the soil vapour
probes, including the results of newly installed probe VW-03 near Riverbend Village Apartments, are consistent
with results obtained in 2013 and 2019 and do not indicate obvious impacts related to the buried wastes. Methane
concentrations measured during the first two monitoring events at newly installed VW-03 were non-detect. The
results suggest that the risk for vapour migration from the site to the Riverbend Village Apartments is low.

In 2021, since the headspace vapour measurements were consistent with 2019 results, soil vapour sampling was
not warranted; therefore, hazard quotients were not updated and the 2019 hazard quotient results and mitigative
measures are still applicable to the site. The hazard quotient results and mitigative measures from the 2019
groundwater and soil vapour monitoring report are included in Appendix B.

6

E] TETRA TECH
2021 Groundwater and Soil Vapour Monitoring Report - GWAP.docx



2021 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT - GREAT WEST ADVENTURE PARK
FILE: 704-SWM.SWOP04071-02.001 | JUNE 15, 2022 | ISSUED FOR USE

4.2 Groundwater Elevations

The measured groundwater levels and calculated groundwater elevations for 2021 are presented in Table 1.

Figure 3 presents the groundwater elevation trends (hydrographs) for the groundwater monitoring wells. Figure 3
shows that groundwater elevations decreased at all monitoring wells in 2021 from the groundwater elevations
measured in 2019 and prior.

The average depth to groundwater in the monitoring wells was 2.78 mbg in July 2021 and 3.03 mbg in
November 2021. The contoured elevations for the monitoring wells suggest the groundwater flow was to the
northeast in July 2021 and November 2021. The groundwater elevations and interpreted elevation contours are
shown on Figure 4 and Figure 5, respectively, for July 2021 and November 2021 events. The inferred groundwater
flow in 2013 and 2019 was also to the northeast (Tiamat 2014; Tetra Tech 2020).

It is unknown at what depth the BMX Club well is screened but the well's depth is greater than 30 m. In July, the
depth to groundwater level was similar to the shallow monitoring wells. Although the well elevation is not surveyed,
the measured water level suggests there is no obvious downward vertical gradient at the site.

The average horizontal gradients were 0.003 m/m in July 2021 and November 2021.

4.3 Groundwater Field Parameters

Field measurements for pH, EC, and temperature at MW-02 in November 2021 are shown in Table 2. A discussion
of the results of the field tests is summarized in this section.

Groundwater temperature at MW-02 was 6.80°C, the pH value was 6.99, and the field EC measurement was
1,210 ps/cm. The field pH and field EC measurements were less than the laboratory measured results and differed
considerably, which may be due to differences in sample temperatures and limitations of field equipment.

4.4 Laboratory Results

The groundwater analytical data for 2021 are summarized in Table 2. The 2021 laboratory analytical reports are
included in Appendix D and historical analytical results are included in Appendix E.

4.4.1 Groundwater Monitoring Well MW-02

In November 2021, the TDS concentration at MW-02 was 1,090 mg/L and greater than the Tier 1 Guideline
(500 mg/L). Historical TDS concentrations were greater than the Tier 1 Guidelines at all wells on site in 2013 and
2019. Elevated TDS concentrations often occur in groundwater as a result of the dissolution of naturally occurring
salts in the glacial tills of Alberta, and do not necessarily indicate groundwater quality impact related to the former
operations at the site.

Chloride is often considered a useful parameter to assess groundwater quality impacts associated with landfills, as
chloride is generally present in elevated concentrations in leachate and is a mobile and conservative (non-reactive)
ion. Chloride does not enter into reactions as a non-reactive ion, does not adsorb significantly onto mineral surfaces,
or form complexes with other ions. The chloride concentration at MW-02 in 2021 (290 mg/L) was greater than the
Tier 1 Guideline and increased from the 2019 chloride concentration at MW-02 (233 mg/L). As stated in the 2019
groundwater and soil vapour monitoring report (Tetra Tech 2020), chloride concentrations were greatest at
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up-gradient well MW-01 and are likely due to road salt use in the area and are not necessarily related to landfill
impacts.

Iron and manganese are redox-sensitive parameters that can help determine whether the groundwater quality is
affected by biodegradation reactions, for instance related to landfill leachate. The biodegradation process leads to
a low redox status, which will dissolve iron and manganese oxides present in soil and increase concentrations in
groundwater. The dissolved iron and dissolved manganese concentrations were greater than the Tier 1 Guidelines
at MW-02 in 2021. The dissolved iron concentration at MW-02 increased from 2019 (6.80 mg/L) to 2021 (12.1 mg/L)
and dissolved manganese marginally decreased in 2021 from 2019.

The concentration of dissolved boron, which is often present in landfill leachate, was an order of magnitude less
than the guideline at MW-02 and the concentration in 2021 was consistent with the 2019 results.

The concentration of dissolved arsenic was greater than the Tier 1 Guideline at MW-02. The dissolved arsenic
concentration measured at MW-02 in 2021 (0.00880 mg/L) was marginally greater than the guideline for the
protection of freshwater aquatic life (0.005 mg/L). Arsenic is known to be strongly adsorbed onto iron(hydr)oxides,
and when manganese and iron dissolve, arsenic will also go into solution (Hem 1992). The concentration of arsenic
at MW-02 is likely correlated to the presence of dissolved iron. It is anticipated that if groundwater with the
concentrations measured at MW-02 would enter the Red Deer River, two processes would drastically reduce the
concentrations of dissolved arsenic. The first process is that instant dilution would occur as the Red Deer River is
not a stagnant waterbody with a year-round average flow rate of approximately 75 m?/s (Government of Alberta
2022). The second process is that there is oxygen in the Red Deer River water and precipitation of iron near the
riverbank would create an adsorbing surface for arsenic. These processes and the relative minor guideline
exceedances for dissolved arsenic concentrations in 2019 and 2021 suggest that the arsenic concentrations in
groundwater are not of concern.

4.4.2 BMX Club Well

During the July 2021 monitoring event, field staff were able to talk to BMX club members and found out that the
BMX Club well still exists. It is not used as a source of potable water but used for dust control and watering the
grass. The BMX Club well was sampled on July 12, 2021.

The water quality of the BMX Club well was similar to the water quality of the on-site monitoring wells with
concentrations of TDS, chloride, and dissolved manganese exceeding the Tier 1 Guidelines. Concentrations of
TDS, chloride, and dissolved manganese were similar to that of the on-site groundwater wells. Overall, groundwater
quality at BMX Club well was very similar to shallow groundwater quality in the area (particularly MW-03) despite
being installed in a deeper unit (greater than 30 m deep). However, dissolved iron concentrations were non-detect
and there is no evidence of leachate impacts in this well based on the sampling results.

4.5 Quality Assurance/Quality Control Methods

451 Methods

Tetra Tech’s quality assurance/quality control (QA/QC) procedures include reviewing the data collected for precision
and accuracy and following the appropriate field protocols.

The field procedures for QA/QC involved:

Changing nitrile gloves between sample collections;
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Using sample containers provided by the laboratory;

Cleaning monitoring and sampling tools between sample locations;

Filling sample containers for PHC analysis with no headspace (air) when the containers were closed;
Collecting a duplicate groundwater sample during the sampling program; and

Documenting field procedures and sampling activities.

4.5.2 Results

The QA/QC results are included in Table 3. The duplicate sample was submitted for analysis of the same
parameters as the original sample.

The duplicate analysis is compared by relative percent difference (RPD). The RPD is calculated using the following
equation:

(1-12)
RPD = — 725 * 100%
2

Where:
V1 = Parent Sample

V2 = Duplicate Sample

Chemical parameters were considered as having passed the QA/QC reproducibility procedure if the RPD was less
than or equal to 20%, indicating a close correlation between the sample-duplicate pair.

RPD values were not calculated if one or both of the sample-duplicate concentrations were between the reportable
detection limit (RDL) and five times the RDL. In these cases, chemical parameters were still considered as having
passed the QA/QC reproducibility procedure if the sample duplicate concentration difference was less than one
RDL value.

Duplicate RPDs were greater than 20% for ammonia (64%) and dissolved cadmium (30%). The reason for the
variation is unclear; however, it does not affect the results evaluation. Based on the QA/QC results, the sample
methods and results are overall considered acceptable.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Key findings of the 2021 environmental monitoring program and conclusions include the following:

The groundwater elevations in 2021 were consistent with the 2019 results and the inferred groundwater flow
direction was to the northeast. The average horizontal hydraulic gradients at the site were 0.003 m/m in
July 2021 and November 2021. This is consistent with observations made historically. Groundwater elevations
in 2021 were overall slightly lower than the groundwater elevations measured previously in 2019.

In 2021, the groundwater analytical results from MW-02 were similar to 2019 with concentrations of TDS,
chloride, dissolved arsenic, dissolved iron, and dissolved manganese exceeding the Tier 1 Guidelines. The
measured concentrations of TDS, chloride, dissolved iron, and dissolved manganese were generally consistent
with previous results and are interpreted to reflect natural groundwater quality.
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The chloride concentration at MW-02 in 2021 (290 mg/L) was greater than the Tier 1 Guideline and increased
from the 2019 chloride concentration (233 mg/L). Chloride concentrations previously measured in 2019 were
greatest at up-gradient well MW-01 and are likely due to road salt use in the area and are not necessarily related
to landfill impacts.

The concentration of dissolved arsenic was greater than the Tier 1 Guideline at MW-02. The dissolved arsenic
concentration measured at MW-02 in 2021 (0.00880 mg/L) was marginally greater than the guideline for the
protection of freshwater aquatic life (0.005 mg/L) and consistent with concentrations measured in 2019. The
dissolved arsenic concentrations are interpreted to not be of concern.

The BMX Club well is not used as a source of potable water but used for dust control and watering grass. The
water quality of the BMX Club well was similar to the water quality of the on-site monitoring wells with
concentrations of TDS, chloride and dissolved manganese exceeding the Tier 1 Guidelines. Overall,
groundwater quality at the BMX well was very similar to shallow groundwater quality in the area (particularly
MW-03) despite being installed in a deeper unit (greater than 30 m deep). There are no obvious leachate
impacts in this well based on the sampling results.

Methane concentrations measured in headspace of the groundwater monitoring wells and at the soil vapour
probes, including the results of newly installed probe VW-03 near Riverbend Village Apartments, were
consistent with results obtained in 2013 and 2019 and do not indicate obvious impacts related to the buried
waste. Methane concentrations measured during the first two monitoring events at newly installed VW-03 were
non-detect. The results suggest that the risk for vapour migration from the site to the Riverbend Village
Apartments is low.

Ongoing risk management is recommended, including the following risk management elements.
Ongoing Monitoring:

- Continuation of a groundwater or vapour monitoring program is not warranted; however, the vapour and
groundwater monitoring wells should be maintained for potential future assessments. It is recommended to
conduct an annual site check to verify site drainage and the integrity of the landfill cover, monitoring wells,
and vapour probes.

Risk Management:

- In consideration that buried waste remains beneath the site, and as recommended in the risk management
plan (RMP) prepared by Tiamat in 2014, the risk management approach for the site should be periodically
reviewed and updated, if necessary. A review of the mitigative measures completed in the 2019
groundwater and soil vapour monitoring report (Tetra Tech 2020) is included in Appendix B.

Administrative Actions:

- Utilize the revised generic mitigative measures when evaluating applications for development within the
setback variance.

- Regarding land development applications within the regulated setback to the east, across the Red Deer
River, the river is considered a natural barrier and vapour migrating from the site to future developments is
not considered to be a concern.

- Ensure that the site is clearly identified within The City’s Land Use Bylaw and appropriate administrative
requirements are met for the site in accordance with The City’s policies.
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Further to the above recommendations, the site remains an historical landfill. It presently appears to be well
maintained and capped. The City should review this status on an ongoing basis to ensure that the cover remains
intact and drainage remains positive; repairs or maintenance should be undertaken as required to maintain the site.

1"
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6.0 CLOSURE

We trust this report meets your present requirements. If you have any questions or comments, please contact the

undersigned.

Respectfully submitted,
Tetra Tech Canada Inc.

Prepared by:

Ryan Miller, B.Sc.

Environmental Scientist

Solid Waste Management Practice
Direct Line: 403.723.6232
Ryan.Miller@tetratech.com

Reviewed by:

Sean D. Buckles, M.Sc., P.Eng.
Senior Project Engineer- Team Lead
Solid Waste Management Practice
Direct Line: 403.723.6876
Sean.Buckles@tetratech.com

/dm:lc
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Frans Hettinga, B.Sc.

Principal Specialist

Solid Waste Management Practice
Direct Line: 403.723.6860
Frans.Hettinga@tetratech.com
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Figure 1 Site Location Plan

Figure 2 Site Plan and Surrounding Land Use

Figure 3 Historical Groundwater Elevations (Groundwater Monitoring Wells)
Figure 4 Groundwater Elevation Contours — July 2021

Figure 5 Groundwater Elevation Contours — November 2021
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LIMITATIONS ON USE OF THIS DOCUMENT

GEOENVIRONMENTAL

1.1 USE OF DOCUMENT AND OWNERSHIP

This document pertains to a specific site, a specific development, and
a specific scope of work. The document may include plans, drawings,
profiles and other supporting documents that collectively constitute the
document (the “Professional Document”).

The Professional Document is intended for the sole use of TETRA
TECH's Client (the “Client”) as specifically identified in the TETRA
TECH Services Agreement or other Contractual Agreement entered
into with the Client (either of which is termed the “Contract” herein).
TETRA TECH does not accept any responsibility for the accuracy of
any of the data, analyses, recommendations or other contents of the
Professional Document when it is used or relied upon by any party
other than the Client, unless authorized in writing by TETRA TECH.
Any unauthorized use of the Professional Document is at the sole risk
of the user. TETRA TECH accepts no responsibility whatsoever for any
loss or damage where such loss or damage is alleged to be or, is in
fact, caused by the unauthorized use of the Professional Document.
Where TETRA TECH has expressly authorized the use of the
Professional Document by a third party (an “Authorized Party”),
consideration for such authorization is the Authorized Party’s
acceptance of these Limitations on Use of this Document as well as
any limitations on liability contained in the Contract with the Client (all
of which is collectively termed the “Limitations on Liability”). The
Authorized Party should carefully review both these Limitations on Use
of this Document and the Contract prior to making any use of the
Professional Document. Any use made of the Professional Document
by an Authorized Party constitutes the Authorized Party’s express
acceptance of, and agreement to, the Limitations on Liability.

The Professional Document and any other form or type of data or
documents generated by TETRA TECH during the performance of the
work are TETRA TECH'’s professional work product and shall remain
the copyright property of TETRA TECH.

The Professional Document is subject to copyright and shall not be
reproduced either wholly or in part without the prior, written permission
of TETRA TECH. Additional copies of the Document, if required, may
be obtained upon request.

1.2 ALTERNATIVE DOCUMENT FORMAT

Where TETRA TECH submits electronic file and/or hard copy versions
of the Professional Document or any drawings or other project-related
documents and deliverables (collectively termed TETRA TECH's
“Instruments of Professional Service”), only the signed and/or sealed
versions shall be considered final. The original signed and/or sealed
electronic file and/or hard copy version archived by TETRA TECH shall
be deemed to be the original. TETRA TECH will archive a protected
digital copy of the original signed and/or sealed version for a period of
10 years.

Both electronic file and/or hard copy versions of TETRA TECH’s
Instruments of Professional Service shall not, under any
circumstances, be altered by any party except TETRA TECH. TETRA
TECH'’s Instruments of Professional Service will be used only and
exactly as submitted by TETRA TECH.

Electronic files submitted by TETRA TECH have been prepared and
submitted using specific software and hardware systems. TETRA
TECH makes no representation about the compatibility of these files
with the Client’s current or future software and hardware systems.

1.3 STANDARD OF CARE

Services performed by TETRA TECH for the Professional Document
have been conducted in accordance with the Contract, in a manner

consistent with the level of skill ordinarily exercised by members of the
profession currently practicing under similar conditions in the
jurisdiction in which the services are provided. Professional judgment
has been applied in developing the conclusions and/or
recommendations provided in this Professional Document. No warranty
or guarantee, express or implied, is made concerning the test results,
comments, recommendations, or any other portion of the Professional
Document.

If any error or omission is detected by the Client or an Authorized Party,
the error or omission must be immediately brought to the attention of
TETRA TECH.

1.4 DISCLOSURE OF INFORMATION BY CLIENT

The Client acknowledges that it has fully cooperated with TETRA TECH
with respect to the provision of all available information on the past,
present, and proposed conditions on the site, including historical
information respecting the use of the site. The Client further
acknowledges that in order for TETRA TECH to properly provide the
services contracted for in the Contract, TETRA TECH has relied upon
the Client with respect to both the full disclosure and accuracy of any
such information.

1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS

During the performance of the work and the preparation of this
Professional Document, TETRA TECH may have relied on information
provided by third parties other than the Client.

While TETRA TECH endeavours to verify the accuracy of such
information, TETRA TECH accepts no responsibility for the accuracy
or the reliability of such information even where inaccurate or unreliable
information impacts any recommendations, design or other
deliverables and causes the Client or an Authorized Party loss or
damage.

1.6 GENERAL LIMITATIONS OF DOCUMENT

This Professional Document is based solely on the conditions
presented and the data available to TETRA TECH at the time the data
were collected in the field or gathered from available databases.

The Client, and any Authorized Party, acknowledges that the
Professional Document is based on limited data and that the
conclusions, opinions, and recommendations contained in the
Professional Document are the result of the application of professional
judgment to such limited data.

The Professional Document is not applicable to any other sites, nor
should it be relied upon for types of development other than those to
which it refers. Any variation from the site conditions present, or
variation in assumed conditions which might form the basis of design
or recommendations as outlined in this report, at or on the development
proposed as of the date of the Professional Document requires a
supplementary exploration, investigation, and assessment.

TETRA TECH is neither qualified to, nor is it making, any
recommendations with respect to the purchase, sale, investment or
development of the property, the decisions on which are the sole
responsibility of the Client.

1.7 NOTIFICATION OF AUTHORITIES

In certain instances, the discovery of hazardous substances or
conditions and materials may require that regulatory agencies and
other persons be informed and the client agrees that notification to such
bodies or persons as required may be done by TETRA TECH in its
reasonably exercised discretion.
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APPENDIX C

CROSS-SECTIONS (TIAMAT 2014)
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CERTIFICATE OF ANALYSIS

Work Order :CG2105962 Page :1of4

Client : Tetra Tech Canada Inc. Laboratory : Calgary - Environmental

Contact : Darby Madalena Account Manager : Milica Papic

Address : 115 - 200 Rivercrest Dr SE Address : 2559 29th Street NE
Calgary AB Canada T2C 2X5 Calgary AB Canada T1Y 7B5

Telephone : 403 203 3355 Telephone : +1 403 407 1800

Project : SWM.SWOP04071-02.001 Date Samples Received : 24-Nov-2021 09:35

PO : SWM.SWOP04071-02.001 Date Analysis Commenced  : 24-Nov-2021

C-O-C number : Great West Adventure Issue Date : 01-Dec-2021 16:39

Sampler : Ryan Miller

Site D

Quote number : Q71650 City of Red Deer Pre-1972 Landfill Monitoring

No. of samples received 12

No. of samples analysed 12

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.

This Certificate of Analysis contains the following information:
® General Comments
® Analytical Results
Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QC Interpretive report to assist with Quality Review and
Sample Receipt Notification (SRN).

Signatories

This document has been electronically signed by the authorized signatories below. Electronic signing is conducted in accordance with US FDA 21 CFR Part 11.
Signatories Position Laboratory Department
Anthony Calero Team Leader - Inorganics Inorganics, Calgary, Alberta
Daniel Ching Lab Analyst Metals, Calgary, Alberta
Mackenzie Lamoureux Lab Assistant Metals, Calgary, Alberta
Parker Sgarbossa Laboratory Analyst Inorganics, Calgary, Alberta
Sara Niroomand Inorganics, Calgary, Alberta
Sara Niroomand Metals, Calgary, Alberta
Shirley Li Metals, Calgary, Alberta
Vladka Stamenova Analyst Inorganics, Calgary, Alberta
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Work Order . CG2105962
Client : Tetra Tech Canada Inc.
Project : SWM.SWOP04071-02.001

General Comments

The analytical methods used by ALS are developed using internationally recognized reference methods (where available), such as those published by US EPA, APHA Standard Methods, ASTM,
ISO, Environment Canada, BC MOE, and Ontario MOE. Refer to the ALS Quality Control Interpretive report (QCI) for applicable references and methodology summaries. Reference methods may
incorporate modifications to improve performance.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.
Please refer to Quality Control Interpretive report (QCI) for information regarding Holding Time compliance.

Key : CAS Number: Chemical Abstracts Services number is a unique identifier assigned to discrete substances
LOR: Limit of Reporting (detection limit).

Unit Description

- No Unit

% percent

pS/icm Microsiemens per centimetre
meq/L milliequivalents per litre
mg/L milligrams per litre

pH units pH units

<:less than.

>: greater than.
Surrogate: An analyte that is similar in behavior to target analyte(s), but that does not occur naturally in environmental samples. For applicable tests, surrogates are added to samples prior to analysis

as a check on recovery.

Test results reported relate only to the samples as received by the laboratory.

UNLESS OTHERWISE STATED on SRN or QCI Report, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

Qualifiers
Qualifier Description
DLDS Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical

Conductivity.
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Client . Tetra Tech Canada Inc.
Project . SWM.SWOP04071-02.001
Analytical Results
Sub-Matrix: Water Client sample ID MW-02 Duplicate — — —
(Matrix: Water)
Client sampling date / time 23-Nov-2021 23-Nov-2021
14:15
Analyte CAS Numbern Method LOR Unit CG2105962-001 CG2105962-002 | =emeem-
Result Result — — —
alkalinity, bicarbonate (as HCO3) 71-52-3 E290 1.0 mg/L 705 716
alkalinity, carbonate (as CO3) 3812-32-6 E290 1.0 mg/L <1.0 <1.0
alkalinity, hydroxide (as OH) 14280-30-9 E290 1.0 mg/L <1.0 <1.0
alkalinity, total (as CaCO3) —- E290 1.0 mg/L 578 587 — —- —
conductivity E100 1.0 pS/cm 1800 1800
hardness (as CaC0O3), dissolved EC100 0.60 mg/L 647 640
pH j— E108 0.10 pH units 7.39 7.14 — f— f—
solids, total dissolved [TDS], calculated EC103 1.0 mg/L 1090 1090
Anions and Nutrients .'
ammonia, total (as N) 7664-41-7 E298 0.0050 mg/L 0.730 1.42
chloride 16887-00-6 E235.Cl 0.50 mg/L 290 290
fluoride 16984-48-8 E235.F 0.020 mg/L 0.132 0.138
nitrate (as N) 14797-55-8 E235.NO3 0.020 mg/L <0.100 **° <0.100 °°
nitrite (as N) 14797-65-0 E235.NO2 0.010 mg/L <0.050 **° <0.050 **°
sulfate (as SO4) 14808-79-8 E235.504 0.30 mg/L 47.5 47.2
lon Balance j
anion sum — EC101 0.10 meq/L 20.7 20.9 - — ——
cation sum — EC101 0.10 meq/L 19.7 19.4 - — -
ion balance (cation-anion difference) —- EC101 0.010 % 2.48 3.72 — — —
Dissolved Metals j
aluminum, dissolved 7429-90-5 E421 0.0010 mg/L <0.0050 **° <0.0050 ™°°
antimony, dissolved 7440-36-0 E421 0.00010 mg/L <0.00050 *°° <0.00050 °°°
arsenic, dissolved 7440-38-2 E421 0.00010 mg/L 0.00880 0.00828
barium, dissolved 7440-39-3 E421 0.00010 mg/L 0.458 0.448
beryllium, dissolved 7440-41-7 E421 0.000020 mg/L <0.000100 **° <0.000100 **°
bismuth, dissolved 7440-69-9 E421 0.000050 mg/L <0.000250 **° <0.000250 **°
boron, dissolved 7440-42-8 E421 0.010 mg/L 0.069 0.069
cadmium, dissolved 7440-43-9 E421 0.0000050 mg/L 0.000150 0.000203
calcium, dissolved 7440-70-2 E421 0.050 mg/L 177 176
chromium, dissolved 7440-47-3 E421 0.00050 mg/L <0.00250 °°° <0.00250 °°°
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Analytical Results

Sub-Matrix: Water
(Matrix: Water)

Analyte

Dissolved Metals

cobalt, dissolved
copper, dissolved

iron, dissolved

lead, dissolved
lithium, dissolved
magnesium, dissolved
manganese, dissolved
mercury, dissolved
molybdenum, dissolved
nickel, dissolved
phosphorus, dissolved
potassium, dissolved
selenium, dissolved
silicon, dissolved
silver, dissolved
sodium, dissolved
strontium, dissolved
sulfur, dissolved
thallium, dissolved

tin, dissolved

titanium, dissolved
uranium, dissolved
vanadium, dissolved
zinc, dissolved
zirconium, dissolved
dissolved mercury filtration location

dissolved metals filtration location

Please refer to the General Comments section for an explanation of any qualifiers detected.

CAS Number

7440-48-4
7440-50-8
7439-89-6
7439-92-1
7439-93-2
7439-95-4
7439-96-5
7439-97-6
7439-98-7
7440-02-0
7723-14-0
7440-09-7
7782-49-2
7440-21-3
7440-22-4

17341-25-2
7440-24-6
7704-34-9
7440-28-0
7440-31-5
7440-32-6
7440-61-1
7440-62-2
7440-66-6
7440-67-7

Method

E421
E421
E421
E421
E421
E421
E421
E509
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
E421
EP509
EP421

Client sample ID

Client sampling date / time

LOR

0.00010
0.00020
0.010
0.000050
0.0010
0.100
0.00010
0.0000050
0.000050
0.00050
0.050
0.100
0.000050
0.050
0.000010
0.050
0.00020
0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

Unit

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

MWwW-02

23-Nov-2021

14:15

CG2105962-001

Result

0.00178
<0.00100
121
<0.000250
0.0280
49.9

1.44
<0.0000050
0.00157
0.00425
<0.250
5.00
<0.000250
7.67
<0.000050
140

1.26

16.0
<0.000050
<0.00050
<0.00150
0.00164
<0.00250
0.0069
<0.00100
Field

Field

DLDS

DLDS

DLDS

DLDS

DLDS

DLDS

DLDS

DLDS

DLDS

DLDS

Duplicate -

23-Nov-2021 ----

CG2105962-002 | = -----e-

Result -——-

0.00177
<0.00100 °°*
11.8
<0.000250 *°°
0.0288
48.7
1.39
<0.0000050
0.00161
0.00397
<0.250 °**
4.98
<0.000250 °°*
7.44
<0.000050 *°°
136
1.26
14.6
<0.000050 °°*
<0.00050 °*°*
<0.00150 °°*
0.00163
<0.00250 °°*
0.0084
<0.00100 °°*
Field
Field
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Client : Tetra Tech Canada Inc. Laboratory : Calgary - Environmental

Contact : Darby Madalena Account Manager - Milica Papic

Address :115 - 200 Rivercrest Dr SE Address : 2559 29th Street NE
Calgary AB Canada T2C 2X5 Calgary, Alberta Canada T1Y 7B5

Telephone 403 203 3355 Telephone :+1 403 407 1800

Project : SWM.SWOP04071-02.001 Date Samples Received : 24-Nov-2021 09:35

PO - SWM.SWOP04071-02.001 Issue Date : 01-Dec-2021 16:39

C-O-C number : Great West Adventure

Sampler : Ryan Miller

Site ppe—

Quote number - Q71650 City of Red Deer Pre-1972 Landfill Monitoring

No. of samples received -2

No. of samples analysed -2

This report is automatically generated by the ALS LIMS (Laboratory Information Management System) through evaluation of Quality Control (QC) results and other
QA parameters associated with this submission, and is intended to facilitate rapid data validation by auditors or reviewers. The report highlights any exceptions
and outliers to ALS Data Quality Objectives, provides holding time details and exceptions, summarizes QC sample frequencies, and lists applicable methodology
references and summaries.

Key
Anonymous: Refers to samples which are not part of this work order, but which formed part of the QC process lot.

CAS Number: Chemical Abstracts Services number is a unique identifier assigned to discrete substances.
DQO: Data Quality Objective.

LOR: Limit of Reporting (detection limit).

RPD: Relative Percent Difference.

Summary of Outliers

Outliers : Quality Control Samples

® No Method Blank value outliers occur.

No Duplicate outliers occur.

No Laboratory Control Sample (LCS) outliers occur
No Matrix Spike outliers occur.

o
°
[
® No Test sample Surrogate recovery outliers exist.

Outliers: Reference Material (RM) Samples

® No Reference Material (RM) Sample outliers occur.

Outliers : Analysis Holding Time Compliance (Breaches)
® Analysis Holding Time Outliers exist - please see following pages for full details.

Outliers : Frequency of Quality Control Samples
® No Quality Control Sample Frequency Outliers occur.

RIGHT SOLUTIONS RIGHT PARTNER
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Analysis Holding Time Compliance

This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times, which are selected to meet known provincial and /or federal
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by organizations such as CCME, US EPA, APHA Standard Methods, ASTM, or
Environment Canada (where available). Dates and holding times reported below represent the first dates of extraction or analysis. If subsequent tests or dilutions exceeded holding times, qualifiers
are added (refer to COA).

If samples are identified below as having been analyzed or extracted outside of recommended holding times, measurement uncertainties may be increased, and this should be taken into consideration
when interpreting results.

Where actual sampling date is not provided on the chain of custody, the date of receipt with time at 00:00 is used for calculation purposes.

Where only the sample date without time is provided on the chain of custody, the sampling date at 00:00 is used for calculation purposes.

Matrix: Water Evaluation: x = Holding time exceedance ; v' = Within Holding Time
Analyte Group Method Sampling Date Extraction / Preparation Analysis
Container / Client Sample ID(s) Preparation Holding Times Eval Analysis Date Holding Times Eval

Date Rec Actual Rec Actual

Anions and Nutrients : Ammonia by Fluorescence

Amber glass total (sulfuric acid)
Duplicate E298 23-Nov-2021 29-Nov-2021 - 29-Nov-2021 |28 days | 6 days v

Anions and Nutrients : Ammonia by Fluorescence

Amber glass total (sulfuric acid)
MW-02 E298 23-Nov-2021 29-Nov-2021 -—-- -—-- 29-Nov-2021 |28 days | 6 days v

Anions and Nutrients : Chloride in Water by IC

HDPE
Duplicate E235.Cl 23-Nov-2021 - - - 25-Nov-2021 |28 days | 2 days v
Anions and Nutrients : Chloride in Water by IC ‘
HDPE
MW-02 E235.Cl 23-Nov-2021 - - 25-Nov-2021 |28 days | 2 days v

Anions and Nutrients : Fluoride in Water by IC

HDPE
Duplicate E235.F 23-Nov-2021 - - - 25-Nov-2021 |28 days | 2 days v

Anions and Nutrients : Fluoride in Water by IC

HDPE
MW-02 E235.F 23-Nov-2021 - e ---- 25-Nov-2021 |28 days | 2 days v

Anions and Nutrients : Nitrate in Water by IC

HDPE
Duplicate E235.NO3 23-Nov-2021 - - - 25-Nov-2021 | 3days | 2 days v
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ALS

Matrix: Water

Evaluation: x = Holding time exceedance ; v' = Within Holding Time

Analyte Group

Container / Client Sample ID(s)

‘Anions and Nutrients : Nitrate in Water by IC
HDPE
MW-02

Anions and Nutrients : Nitrite in Water by IC
HDPE
Duplicate

Anions and Nutrients : Nitrite in Water by IC
HDPE
MW-02

Anions and Nutrients : Sulfate in Water by IC
HDPE
Duplicate

Anions and Nutrients : Sulfate in Water by IC
HDPE
MW-02

Dissolved Metals : Dissolved Mercury in Water by CVAAS
Glass vial dissolved (hydrochloric acid)
Duplicate

Dissolved Metals : Dissolved Mercury in Water by CVAAS
Glass vial dissolved (hydrochloric acid)
MW-02

Dissolved Metals : Dissolved Metals in Water by CRC ICPMS
HDPE dissolved (nitric acid)
Duplicate

HDPE dissolved (nitric acid)
MW-02

Method

E235.NO3

E235.NO2

E235.NO2

E235.504

E235.504

E509

E509

E421

E421

Sampling Date

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

Dissolved Metals : Dissolved Metals in Water by CRC ICPMS f

Extraction / Preparation Analysis
Preparation Holding Times Eval Analysis Date Holding Times Eval
Date Rec Actual Rec Actual
- - - 25-Nov-2021 | 3 days | 2 days v
— — 25-Nov-2021 | 3days | 2days v
- - 25-Nov-2021 | 3days | 2 days v
- - 25-Nov-2021 |28 days | 2 days v
- - - 25-Nov-2021 |28 days | 2 days v
25-Nov-2021 - - 25-Nov-2021 |28 days 2 days v
25-Nov-2021 - 25-Nov-2021 |28 days | 2 days v
30-Nov-2021 - 30-Nov-2021 180 7 days v
days
30-Nov-2021 - - 30-Nov-2021 180 7 days v
days
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ALS

Matrix: Water

Evaluation: x = Holding time exceedance ; v' = Within Holding Time

Analyte Group

Container / Client Sample ID(s)

‘ Physical Tests : Alkalinity Species by Titration
HDPE
Duplicate

Physical Tests : Alkalinity Species by Titration
HDPE
MW-02

Physical Tests : Conductivity in Water
HDPE
Duplicate

Physical Tests : Conductivity in Water
HDPE
MW-02

Physical Tests : pH by Meter
HDPE
MW-02

Physical Tests : pH by Meter
HDPE
Duplicate

Method

E290

E290

E100

E100

E108

E108

Sampling Date

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

23-Nov-2021

Extraction / Preparation Analysis
Preparation Holding Times Eval Analysis Date Holding Times Eval
Date Rec Actual Rec Actual
26-Nov-2021 |14 days | 3 days v
— — 26-Nov-2021 |14 days | 3 days v
— — 26-Nov-2021 |28 days | 3 days v
26-Nov-2021 |28 days | 3 days v
26-Nov-2021 025 | 68hrs *
hrs EHTR-FM
— —- 26-Nov-2021 0.25 70 hrs *
hrs EHTR-FM

Legend & Qualifier Definitions

EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended

Rec. HT: ALS recommended hold time (see units).
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Quality Control Parameter Frequency Compliance

The following report summarizes the frequency of laboratory QC samples analyzed within the analytical batches

should be greater than or equal to the expected frequency.

Matrix: Water

Evaluation: * = QC frequency outside specification; v = QC frequency within specification.

(QC lots) in which the submitted samples were processed. The actual frequency

Quality Control Sample Type Count Frequency (%)
Analytical Methods Method QC Lot # Qc Regular Actual Expected ‘ Evaluation
Laboratory Duplicates (DUP)

Alkalinity Species by Titration E290 353411 1 20 5.0 5.0 v
Ammonia by Fluorescence E298 355294 1 20 5.0 5.0 Ve
Chloride in Water by IC E235.Cl 352270 1 13 7.6 5.0 v
Conductivity in Water E100 353409 1 20 5.0 5.0 v
Dissolved Mercury in Water by CVAAS E509 352552 1 2 50.0 5.0 v
Dissolved Metals in Water by CRC ICPMS E421 355649 1 19 5.2 5.0 v
Fluoride in Water by IC E235.F 352271 1 13 7.6 5.0 v
Nitrate in Water by IC E235.NO3 352273 1 15 6.6 5.0 v
Nitrite in Water by IC E235.NO2 352272 1 13 7.6 5.0 v
pH by Meter E108 353410 1 20 5.0 5.0 v
Sulfate in Water by IC E235.S04 352274 1 13 7.6 5.0 v
Alkalinity Species by Titration E290 353411 1 20 5.0 5.0 v
Ammonia by Fluorescence E298 355294 1 20 5.0 5.0 v
Chloride in Water by IC E235.Cl 352270 1 13 7.6 5.0 v
Conductivity in Water E100 353409 1 20 5.0 5.0 v
Dissolved Mercury in Water by CVAAS E509 352552 1 2 50.0 5.0 v
Dissolved Metals in Water by CRC ICPMS E421 355649 1 19 52 5.0 Ve
Fluoride in Water by IC E235.F 352271 1 13 7.6 5.0 v
Nitrate in Water by IC E235.NO3 352273 1 15 6.6 5.0 v
Nitrite in Water by IC E235.NO2 352272 1 13 7.6 5.0 v
pH by Meter E108 353410 1 20 5.0 5.0 v
Sulfate in Water by IC E235.S04 352274 1 13 7.6 5.0 v
Alkalinity Species by Titration E290 353411 1 20 5.0 5.0 v
Ammonia by Fluorescence E298 355294 1 20 5.0 5.0 v
Chloride in Water by IC E235.Cl 352270 1 13 7.6 5.0 v
Conductivity in Water E100 353409 1 20 5.0 5.0 v
Dissolved Mercury in Water by CVAAS E509 352552 1 2 50.0 5.0 v
Dissolved Metals in Water by CRC ICPMS E421 355649 1 19 52 5.0 v
Fluoride in Water by IC E235.F 352271 1 13 7.6 5.0 v
Nitrate in Water by IC E235.NO3 352273 1 15 6.6 5.0 v
Nitrite in Water by IC E235.NO2 352272 1 13 7.6 5.0 v
Sulfate in Water by IC E235.804 352274 1 13 7.6 5.0 v
Matrix Spikes (MS) ‘1

Ammonia by Fluorescence E298 355294 1 20 5.0 5.0 v
Chloride in Water by IC E235.Cl 352270 1 13 7.6 5.0 v
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Project - SWM.SWOP04071-02.001 ALS
Matrix: Water Evaluation: x = QC frequency outside specification; v' = QC frequency within specification.
Quality Control Sample Type Count Frequency (%)
Analytical Methods Method QC Lot # Qc Regular Actual Expected ‘ Evaluation
Matrix Spikes (MS) - Continued
Dissolved Mercury in Water by CVAAS E509 352552 1 2 50.0 5.0 v
Dissolved Metals in Water by CRC ICPMS E421 355649 1 19 5.2 5.0 v
Fluoride in Water by IC E235.F 352271 1 13 7.6 5.0 Ve
Nitrate in Water by IC E235.NO3 352273 1 15 6.6 5.0 v
Nitrite in Water by IC E235.NO2 352272 1 13 7.6 5.0 v
Sulfate in Water by IC E235.S04 352274 1 13 7.6 5.0 v
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Methodology References and Summaries

The analytical methods used by ALS are developed using internationally recognized reference methods (where available), such as those published by US EPA, APHA Standard Methods, ASTM, ISO,
Environment Canada, BC MOE, and Ontario MOE. Reference methods may incorporate modifications to improve performance (indicated by “mod”).

Analytical Methods Method / Lab Matrix Method

Conductivity in Water

pH by Meter

Chloride in Water by IC

Fluoride in Water by IC

Nitrite in Water by IC

Nitrate in Water by IC

Sulfate in Water by IC

Alkalinity Species by Titration

Ammonia by Fluorescence

Dissolved Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Hardness (Calculated)

E100

Calgary - Environmental
E108

Calgary - Environmental
E235.Cl

Calgary - Environmental
E235.F

Calgary - Environmental
E235.NO2

Calgary - Environmental
E235.NO3

Calgary - Environmental
E235.504

Calgary - Environmental
E290

Calgary - Environmental
E298

Calgary - Environmental
E421

Calgary - Environmental

E509

Calgary - Environmental
EC100

Calgary - Environmental

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

APHA 2510 (mod)

APHA 4500-H (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 2320 B (mod)

J. Environ. Monit.,
2005, 7, 37-42 (mod)

APHA 3030B/EPA
6020B (mod)

APHA 3030B/EPA
1631E (mod)

APHA 2340B

Conductivity, also known as Electrical Conductivity (EC) or Specific Conductance, is
measured by immersion of a conductivity cell with platinum electrodes into a water
sample. Conductivity measurements are temperature-compensated to 25°C.

pH is determined by potentiometric measurement with a pH electrode, and is conducted
at ambient laboratory temperature (normally 20+ 5°C). For high accuracy test results,
pH should be measured in the field within the recommended 15 minute hold time.

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV
detection.

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV
detection.

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV
detection.

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV
detection.

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV
detection.

Total alkalinity is determined by potentiometric titration to a pH 4.5 endpoint. Bicarbonate,
carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total
alkalinity values.

Ammonia in water is analyzed by flow-injection analysis with fluorescence detection
after reaction with orthophthaldialdehyde (OPA).

Water samples are filtered (0.45um), preserved with nitric acid, and analyzed by
Collision/Reaction Cell ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered
by this method.

Water samples are filtered (0.45um), preserved with HCI, then undergo a cold-oxidation
using bromine monochloride prior to reduction with stannous chloride, and analyzed by
CVAAS.

“Hardness (as CaCO3), dissolved” is calculated from the sum of dissolved Calcium and
Magnesium concentrations, expressed in CaCO3 equivalents. “Total Hardness” refers
to the sum of Calcium and Magnesium Hardness. Hardness is normally or preferentially
calculated from dissolved Calcium and Magnesium concentrations, because it is a
property of water due to dissolved divalent cations.
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Analytical Methods Method / Lab Matrix Method Reference Method
lon Balance using Dissolved Metals EC101 Water APHA 1030E Cation Sum, Anion Sum, and lon Balance are calculated based on guidance from APHA
Standard Methods (1030E Checking Correctness of Analysis). Dissolved species are
Calgary - Environmental used where available. Minor ions are included where data is present.
lon Balance cannot be calculated accurately for waters with very low electrical
conductivity (EC).
TDS in Water (Calculation) EC103 Water APHA 1030E (mod) Total Dissolved Solids is calculated based on guidance from APHA Standard Methods
(1030E  Checking Correctness of Analysis). Dissolved species are used where
Calgary - Environmental available. Minor ions are included where data is present.
Preparation Methods Method / Lab Matrix Method Reference Method
Preparation for Ammonia EP298 Water Sample preparation for Preserved Nutrients Water Quality Analysis.
Calgary - Environmental
Dissolved Metals Water Filtration EP421 Water APHA 3030B Water samples are filtered (0.45 um), and preserved with HNO3.
Calgary - Environmental
Dissolved Mercury Water Filtration EP509 Water APHA 3030B Water samples are filtered (0.45 um), and preserved with HCI.

Calgary - Environmental
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Client : Tetra Tech Canada Inc. Laboratory : Calgary - Environmental

Contact : Darby Madalena Account Manager :Milica Papic

Address :115 - 200 Rivercrest Dr SE Address :2559 29th Street NE
Calgary AB Canada T2C 2X5 Calgary, Alberta Canada T1Y 7B5

Telephone :403 203 3355 Telephone :+1 403 407 1800

Project :SWM.SWOP04071-02.001 Date Samples Received :24-Nov-2021 09:35

PO - SWM.SWOP04071-02.001 Date Analysis Commenced - 24-Nov-2021

C-O-C number - Great West Adventure Issue Date :01-Dec-2021 16:40

Sampler :Ryan Miller

Site D m—

Quote number :Q71650 City of Red Deer Pre-1972 Landfill Monitoring

No. of samples received -2

No. of samples analysed -2

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.
This Quality Control Report contains the following information:

® Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

® Matrix Spike (MS) Report; Recovery and Acceptance Limits

® Reference Material (RM) Report; Recovery and Acceptance Limits

® Method Blank (MB) Report; Recovery and Acceptance Limits

® Laboratory Control Sample (LCS) Report; Recovery and Acceptance Limits

Signatories

This document has been electronically signed by the authorized signatories below. Electronic signing is conducted in accordance with US FDA 21 CFR Part 11.
Signatories Position Laboratory Department
Anthony Calero Team Leader - Inorganics Inorganics, Calgary, Alberta
Daniel Ching Lab Analyst Metals, Calgary, Alberta
Mackenzie Lamoureux Lab Assistant Metals, Calgary, Alberta
Parker Sgarbossa Laboratory Analyst Inorganics, Calgary, Alberta
Sara Niroomand Inorganics, Calgary, Alberta
Sara Niroomand Metals, Calgary, Alberta
Shirley Li Metals, Calgary, Alberta
Vladka Stamenova Analyst Inorganics, Calgary, Alberta

RIGHT SOLUTIONS | RIGHT PARTNER
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General Comments

The ALS Quality Control (QC) report is optionally provided to ALS clients upon request. ALS test methods include comprehensive QC checks with every analysis to ensure our high standards of quality are
met. Each QC result has a known or expected target value, which is compared against predetermined Data Quality Objectives (DQOs) to provide confidence in the accuracy of associated test results. This
report contains detailed results for all QC results applicable to this sample submission. Please refer to the ALS Quality Control Interpretation report (QCI) for applicable method references and methodology
summaries.
Key :

Anonymous = Refers to samples which are not part of this work order, but which formed part of the QC process lot.

CAS Number = Chemical Abstracts Services number is a unique identifier assigned to discrete substances.

DQO = Data Quality Objective.

LOR = Limit of Reporting (detection limit).

RPD = Relative Percentage Difference

# = Indicates a QC result that did not meet the ALS DQO.
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Laboratory Duplicate (DUP) Report

A Laboratory Duplicate (DUP) is a randomly selected intralaboratory replicate sample. Laboratory Duplicates provide information regarding method precision and sample heterogeneity. ~ALS DQOs for
Laboratory Duplicates are expressed as test-specific limits for Relative Percent Difference (RPD), or as an absolute difference limit of 2times the LOR for low concentration duplicates within ~ 4-10
times the LOR (cut-off is test specific).

Sub-Matrix: Water Laboratory Duplicate (DUP) Report

Laboratory sample ID Client sample ID CAS Number |Method Unit Original Duplicate RPD(%) or Duplicate Qualifier
Result Result Difference Limits

Physical Tests (QC Lot: 353409)

Physical Tests (QC Lot: 353410)

Physical Tests (QC Lot: 353411)

CG2105960-004 alkalinity, total (as CaCO3) E290 : ‘ mg/L ‘ 248 ‘ 246 ‘ 0.648% ‘ 20% ‘

Anions and Nutrients (QC Lot: 352270)

Anions and Nutrients (QC Lot: 352271)

Anions and Nutrients (QC Lot: 352272) |

Diff <2x LOR ‘

Anions and Nutrients (QC Lot: 352273)

CG2105961-001 nitrate (as N) 14797-55-8 |E235.NO3 0.100 ‘ mg/L ‘ 18.6 ‘ 18.3 ‘ 2.02% ‘ 20% ‘

Anions and Nutrients (QC Lot: 352274)

CG2105961-001 sulfate (as SO4) 14808-79-8 |E235.S04 1.50 ‘ mg/L ‘ 126 ‘ 123 ‘ 2.35% ‘ 20% ‘

Anions and Nutrients (QC Lot: 355294)

CG2105961-004 ammonia, total (as N) 7664-41-7 | E298 ‘ mg/L ‘ 1.73 ‘ 1.72 ‘ 0.682% ‘ 20% ‘

Dissolved Metals (QC Lot: 352552)

Dissolved Metals (QC Lot: 355649) |

CG2106049-001 Anonymous aluminum, dissolved 7429-90-5 |E421 0.0050 mg/L <0.0050 <0.0050 0 Diff <2x LOR -
antimony, dissolved 7440-36-0 |E421 0.00050 mg/L 0.00086 0.00085 0.000006 Diff <2x LOR -
arsenic, dissolved 7440-38-2 |E421 0.00050 mg/L <0.00050 <0.00050 0 Diff <2x LOR -
barium, dissolved 7440-39-3 |E421 0.00050 mg/L 0.0273 0.0264 3.02% 20% -
beryllium, dissolved 7440-41-7  |E421 0.100 mg/L <0.100 pg/L <0.000100 0 Diff <2x LOR -
bismuth, dissolved 7440-69-9 |E421 0.000250 mg/L <0.000250 <0.000250 0 Diff <2x LOR -
boron, dissolved 7440-42-8 E421 0.050 mg/L <0.050 <0.050 0 Diff <2x LOR -
cadmium, dissolved 7440-43-9 |E421 0.0250 mg/L 0.827 pg/L 0.000802 3.01% 20% -
calcium, dissolved 7440-70-2 |E421 0.250 mg/L 303 301 0.629% 20% -
chromium, dissolved 7440-47-3  |E421 0.00250 mg/L <0.00250 <0.00250 0 Diff <2x LOR -
cobalt, dissolved 7440-48-4 |E421 0.50 mg/L <0.50 pg/L <0.00050 0 Diff <2x LOR -
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