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EXECUTIVE SUMMARY

The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2023 groundwater
monitoring and sampling program at the former landfill located north and east of the Lindsay Thurber
Comprehensive High School (LTCHS). The site includes portions of Lot 1MR Plan 852 0510, Lot 4ER Plan 912
0819, and Lot S Plan 4154S, which contains the LTCHS (4204 — 58 Street). The site lies within the northeast and
southeast portions of Section 21-38-27 W4M, in Red Deer, Alberta, hereafter referred to as the site.

The objectives of the monitoring program were to assess the environmental condition of the site and potential
impacts on the environment and adjacent residential receptors from risks related to the site’s former use as a landfill,
including assessing the likelihood of interaction between groundwater at the former landfill and Gaetz Lake, and to
provide recommendations related to risk management activities at the site.

Tetra Tech’s scope of work for the 2023 monitoring and sampling program at the LTCHS site included installing a
datalogger at monitoring well 22MWO05 and in a shallow standpipe in close proximity to Gaetz Lake, conducting
semi-annual groundwater monitoring events at monitoring wells MW-02, MW-03, MW-04, BH8, and 22MWO05, and
semi-annual groundwater sampling at BH8 and 22MW05.

Based upon the results of the groundwater and soil vapour monitoring and sampling conducted in 2023 and previous
years, Tetra Tech has developed the following conclusions:

The groundwater elevations measured in November 2021 and June 2022 inferred a groundwater flow direction
to the northwest, towards the Red Deer River. The 2023 monitoring results confirm these findings. The average
horizontal hydraulic gradients at the site were estimated as approximately 0.002 m/m. Overall, the groundwater
elevations have increased at all monitoring wells since 2019 and have been generally stable since the fall
of 2021.

Based on a review of groundwater elevations at the monitoring well network, and datalogger recordings in 2023
at Gaetz Lake and adjacent monitoring well 22MWO05, the lake is recharging the shallow groundwater west of
the lake. The results for 2023 suggest that groundwater within the footprint of the former landfill generally does
not discharge towards Gaetz Lake.

Routine groundwater quality parameters and dissolved metals concentrations that exceeded the Alberta Tier 1
Soil and Groundwater Remediation Guidelines (Tier 1 Guidelines) at one or more monitoring wells in 2023
included total dissolved solids (TDS), and dissolved metals arsenic, iron, and manganese. The measured
concentrations of these parameters were generally consistent with historical results and show leachate indicator
parameters and anoxic conditions at BH8 and 22MWO05. Previous guideline exceedances of dissolved barium
and dissolved mercury were not confirmed in 2023. It is noted that the guideline has changed for dissolved
barium becoming less stringent with the current updates to the Tier 1 Guidelines. The previously measured
dissolved mercury exceedance is interpreted to be an anomalous result.

Concentrations of benzene, toluene, ethylbenzene, and xylenes (BTEX) were less than the analytical detection
limits at BH8 and 22MWO05 in 2023. In 2023, most volatile organic compound (VOC) concentrations measured
less than the analytical detection limits and less than the Tier 1 Guidelines, where established, at both
groundwater monitoring wells. VOC parameter 1,2-dichloroethene (cis) was detected in low concentrations at
monitoring well BH8 in the spring and fall, consistent with prior results; this VOC does not have an established
Tier 1 Guidelines. Additionally, vinyl chloride was detected at monitoring well BH8 (0.0010 mg/L) in
November 2021; however, the concentration was less than the analytical detection limit in 2023. Trace
concentrations of 1,2-dichloroethene (cis) were previously measured at MW-02 and MW-03.

Overall, the on-site monitoring wells showed relatively minor concentrations of leachate indicator parameters in
2023.
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Monitoring and/or analytical testing of the vapour probes was not conducted in 2023 based on previous results
that suggest there is little indication that vapour migration poses a hazard to receptors. Historical testing
indicates the presence of landfill gas (LFG), characterized by methane concentrations at and greater than the
explosive range in the landfill area; however, an interceptor trench is present between the waste mass and the
LTCHS. Tetra Tech understands that ongoing monitoring is completed by another consultant on behalf of the
LTCHS.

Based upon the results of monitoring programs in 2023 and previous years, Tetra Tech recommends ongoing risk
management, including ongoing monitoring and administrative actions. However, the results of the 2023 monitoring
and sampling program are consistent with previous results, suggest environmental conditions are reasonably well
defined, and no longer warrant an annual monitoring and sampling frequency.

The following recommendations are made according to these risk management elements:
Ongoing Monitoring:

Conduct an additional groundwater monitoring event in the spring of 2025 to confirm the groundwater flow
pattern. In conjunction with the proposed event, collect groundwater samples from MW-02, MW-03,
MW-04, 22MW05, and BH8 to confirm previous results and to maintain an audit trail of environmental
conditions. Further monitoring is not recommended at the monitoring wells located next to the LTCHS (MWO04A,
MWO5A, MW14A, and MW15A).

Administrative Actions:

The interceptor trench adjacent to LTCHS is operated and monitored by the LTCHS and we understand that
the LTCHS provides periodic updates of the program status to The City. We recommend that The City obtain
and review the collected data on an annual basis in support of management activities at this site. Further, we
suggest that The City request as-built details of the inceptor trench from LTCHS for their records, and further
that any records of manual or automated indoor monitoring be requested.

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

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 City policies.

Further to the above recommendations, as noted 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.
We note that the design and operation of the interceptor trench adjacent to LTCHS was developed based on surface
conditions similar to existing, and if changes or improvements to the surface of the landfill are contemplated (e.g.,
paving or installation of an impermeable cap), such work should be undertaken in conjunction with a review of the
interceptor trench design and performance.
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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.
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1.0 INTRODUCTION

The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2023 groundwater
monitoring and sampling program at the former landfill located north and east of the Lindsay Thurber
Comprehensive High School (LTCHS). The site includes portions of Lot 1MR Plan 852 0510, Lot 4ER
Plan 912 0819, and Lot S Plan 4154S, which contains the LTCHS (4204 — 58 Street). The site lies within the
northeast and southeast portions of Section 21-38-27 W4M, in Red Deer, Alberta, hereafter referred to as the site.

The scope of work for 2023 presented in Section 1.1 was based on Tetra Tech’s 2021 and 2022 groundwater and
soil vapour monitoring and sampling program conducted at the site. Those results were presented and discussed
in the 2021 and 2022 Groundwater and Soil Vapour Monitoring Report — Lindsay Thurber Comprehensive High
School (Tetra Tech 2022a).

The objectives of the monitoring program were to assess the environmental condition of the site and potential
impacts on the environment and adjacent residential receptors from risks related to the sites former use as a landfill,
including assessing the likelihood of interaction between groundwater at the former landfill and Gaetz Lake, and to
provide recommendations related to risk management activities at the site.

The field components of the monitoring program were completed under Tetra Tech’s detailed work plans
encompassing the scope of work outlined in Section 1.1 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 Scope of Work

Based on the 2021 and 2022 findings and recommendations (Tetra Tech 2022a), the 2023 monitoring program
scope of work was outlined in the proposal titled 2022 and 2023 Work Scope and Cost Estimate dated
October 21, 2022 (Tetra Tech 2022b). The work conducted in 2023 included the following activities:

Installing dataloggers at monitoring well 22MWO05 and in a shallow standpipe in close proximity to Gaetz Lake.

Conducting semi-annual groundwater monitoring events at monitoring wells MW-02, MW-03, MW-04, BH8, and
22MWO05, including measuring groundwater levels within each groundwater monitoring well and observing
monitoring well integrity.

Conducting semi-annual groundwater sampling events at BH8 and 22MW05:

- Purging the two 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 laboratory chemical
analyses.

- Collecting one duplicate groundwater sample for quality assurance/quality control (QA/QC) purposes during
each sampling event.

Conducting monitoring well repairs, as required.
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Preparing an annual report summarizing the field activities undertaken for the year and interpreting datalogger
data, groundwater elevations, and groundwater analytical results.

Soil vapour monitoring and/or analytical testing was not conducted in 2023 as per the recommendations in the 2021
and 2022 groundwater and soil vapour monitoring report.

2.0 BACKGROUND INFORMATION

2.1 General Information

The site is located within three parcels within NE and SE 21-38-27 W4M:
Portion of Lot S, Plan 4154S
Portion of Lot 1MR, Plan 852 0510
Portion of Lot 4ER, Plan 912 0819

Figure 1 shows the general site location. Historical waste disposal reportedly occurred between June 1965 and
July 1967, indicating that the waste was placed approximately 60 years ago. The original LTCHS facility existed
prior to historical placement of waste. Since then, the LTCHS has been expanded to its current configuration, and
the historical disposal area lies within approximately 30 m of the existing LTCHS. Nearby developments include
other public institutions, and residential and commercial land use.

Historical waste placement reportedly occurred with acknowledgement from the Provincial Health Region and the
local School District. No buildings are located on the area of the historical waste disposal. A paved pedestrian/bike
path is located across the historical waste area. The path connects the south side of the LTCHS Legion Track to
Gaetz Lake to the east, the Parkland School (west of the site), and the Kerry Wood Nature Centre (northwest of the
site). Part of the Legion Track is located within the south end of the historical waste disposal area, and an
environmental reserve area with oxbow lakes (Gaetz Lakes) is located to the northeast. The west and north margins
of the waste area are open undeveloped field with two baseball diamonds adjacent to the west side. MW-02, MW-03,
and VW-02 are located outside the site boundary. Figure 2 shows the site location and 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 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 2023 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 Soil and Groundwater Remediation Guidelines (Tier 1 Guidelines; Alberta
Environment and Parks' [AEP] 2022). The CSM that was developed for the site in the 2021 and 2022 groundwater
and soil vapour monitoring report (Tetra Tech 2022a) included the following items:

' Currently Alberta Environment and Protected Areas (AEPA).
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Description of 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 soils or
seepage through cover.

nutrients, metals, petroleum
hydrocarbons (PHCs), volatile
organic compounds (VOCs),

ecological plants and soil
invertebrates.

Domestic use aquifer (DUA)

Groundwater ingestion
and other indicator parameters | (drinking water).
(i.e., biochemical oxygen

demand [BOD] and chemical

oxygen demand [COD]).

drinking water; freshwater
aquatic life (FAL) in

Gaetz Lake.

Microbial functioning of the soil.

Nutrient and energy cycling.

Human users of the parkland;
users of the LTCHS.

VOCs, methane, benzene,
toluene, ethylbenzene, and
xylenes (BTEX) and PHC
fractions, and siloxanes.

LFG emissions. Vapour inhalation.

2.2.1 Data Evaluation

To establish the appropriate guidelines for the site, residential land use criteria were used. The receptors are a
combination of the degree of potential exposure, the exposure pathway, and the contaminants of concern. Human
receptor exposures applicable to the site include the direct soil contact and inhalation pathways. The ecological
receptor exposures applicable to the site include direct soil contact and nutrient and energy cycling. Previous
investigations at the site have determined that the dominant soil stratigraphy governing transport at the site is coarse
grained.

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

Groundwater concentrations at the site were compared to the Tier 1 Guidelines (AEP 2022) under residential
land use for coarse-grained soils.

Soil vapour analytical results were historically compared to A Protocol for the Derivation of Soil Vapour Quality
Guidelines for Protection of Human Exposures Via Inhalation of Vapours (Canadian Council of Ministers of the
Environment [CCME] 2014) under residential land use for both slab-on-grade and basement building types, for
coarse-grained soils.

2.3 Monitoring Well Network

The 2023 monitoring program included five groundwater monitoring wells (MW-02, MW-03, MW-04, BH8, and
22MWO05). Groundwater well MW-01 has not been located and is interpreted to have been destroyed. The
groundwater wells are all installed outside of the waste footprint. Monitoring wells MW-02 and MW-04 are screened
in sand and gravel fill material. Monitoring well MW-03 is reportedly installed 100 m to the northwest of the historical
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waste disposal area and is screened in sand fill. Monitoring well 22MWO05 was installed in February 2022 on the
northeast side of the site, approximately 20 m west of Gaetz Lake and is screened in sand and gravel. Monitoring
well BH8 is located on the southeast side of the waste disposal area, approximately 50 m west of Gaetz Lake.
Monitoring wells MWO04A, MWO5A, MW14A, and MW15A are located along the perimeter of the east side of the
LTCHS and were not included in the 2023 monitoring and sampling program. The City does not have the well
completion details for MW14A and MW15A.

Monitoring well completion details are summarized in Table 1 and the well locations are shown on Figure 2.

We understand that historically there have been a number of additional wells and gas probes installed as part of
previous assessments, including wells installed as part of the gas mitigation described in Section 5.1. These were
not located or monitored as part of this program.

3.0 MONITORING AND SAMPLING PROGRAM

A discussion of the methods used for the fieldwork, laboratory testing, and data evaluation is presented in the
following sections.

3.1 Data Logger Installation

On May 11, 2023, Tetra Tech installed dataloggers in 22MWO05 and at a location close to Gaetz Lake
(Gaetz Lake DL). The Gaetz Lake DL was installed within a shallow 2” polyvinyl chloride (PVC) pipe within surface
water beneath a bridge at an outlet location near the southwest corner of the lake (Figure 2).

3.2 Groundwater Monitoring and Sampling Program

A discussion of the methods used for groundwater monitoring and sampling fieldwork and laboratory testing is
presented in the following section. In 2023, Tetra Tech conducted groundwater monitoring on May 30 and
November 7. Groundwater sampling at monitoring wells BH8 and 22MWO05 was conducted on May 31 and
November 8, 2023.

Monitoring at the groundwater monitoring wells (51 mm diameter) consisted of measuring static groundwater levels
in each monitoring well in May 2023 and November 2023.

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 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.

E] TETRA TECH
2023 Groundwater Monitoring Report-LTCHS_IFU.docx



2023 GROUNDWATER MONITORING REPORT - LINDSAY THURBER COMPREHENSIVE HIGH SCHOOL
FILE: 704-SWM.SWOP04071-03.008 | JULY 12, 2024 | ISSUED FOR USE

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 two monitoring wells (BH8 and 22MWO05) and placed into appropriate
laboratory supplied, sterile glass and plastic vials and bottles for the required analytical package. If required,
samples were filtered and/or preserved in the field.

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.

More information on the analytical program is provided in Section 3.2.1. The groundwater monitoring well locations

are shown on Figure 2.

3.2.1 Analytical Program

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

Routine water chemistry and dissolved metals.
Ammonia.
BTEX.

VOCs.

4.0 RESULTS AND DISCUSSION

This section presents the results of the fieldwork conducted in 2023 at LTCHS and discussions of these results.

4.1 Groundwater Elevations

In 2023, Tetra Tech monitored five groundwater monitoring wells (MW-02, MW-03, MW-04, BH8, and 22MW05)
and the surface water level of Gaetz Lake at the observation deck in May and November. The measured
groundwater levels and calculated groundwater elevations for 2023 are presented in Table 1.

Figure 3 presents the groundwater elevation trends (hydrographs) for the groundwater monitoring wells. These
plots show the groundwater elevations since 2013. Overall, the groundwater elevations have increased at all
monitoring wells since 2019 and have been generally stable since the fall of 2021. Seasonal fluctuations were
observed at the monitoring wells in 2023 with spring elevations higher than the fall elevations.

The average depth to groundwater in the monitoring wells was 2.33 m below grade (mbg) in May 2023 and 2.45 mbg
in November 2023. The groundwater elevations and interpreted elevation contours are shown on Figure 4 and
Figure 5 for spring and fall, respectively. The interpreted contoured elevations for the monitoring wells suggest the
groundwater flow is to the northwest. The average horizontal gradient in 2023 was 0.002 m/m towards the Red
Deer River, located to the northwest of the site. The site gradient is steepest in the northwest towards the river
valley. The horizontal gradient and inferred groundwater direction are consistent with previous results.
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In addition to the measured groundwater elevations, Tetra Tech analyzed the datalogger information from
monitoring well 22MWO05 and Gaetz Lake DL. This information along with the water levels in the Red Deer River
and precipitation data from June 1, 2023 to November 30, 2023, is plotted on Figure 6. As shown on Figure 6, the
elevation of Gaetz Lake is consistently higher than the elevation at 22MWO05 (typically 20 cm to 25 cm) and that
they follow a similar decreasing trend overtime; however, the decrease is slightly larger at 22MWO05 as time
progresses. The data also shows that the water levels in monitoring well 22MWO05, Gaetz Lake, and the Red Deer
River respond to precipitation events with water levels increasing shortly after large rainfall events. This effect is
most noticeable at monitoring well 22MWO05 showing the largest response to these events and it is also noted that
other factors may influence the water level in the Red Deer River.

Based on the above information and historical data, the primary groundwater flow direction at the site is towards
the Red Deer River and Gaetz Lake is generally providing recharge conditions to the shallow groundwater to the
west of the lake. The results for 2023 do not suggest that groundwater within footprint of the former landfill
discharges towards Gaetz Lake.

4.2 Groundwater Field Parameters

Field measurements for temperature, pH, and EC in May 2023 and November 2023 are shown in Table 2.
A discussion of the results of the field tests is summarized in this section.

Groundwater temperatures ranged from 5.2°C (BHO8 in May) to 7.8°C (22MWO05 in May).

In 2023, field pH values ranged from 7.09 (22MWO05 in November) to 7.23 (BH8 in May). The field pH measurements
were less than the laboratory pH values. The difference between field recorded and laboratory pH values may be
due to limitations of the field equipment and differences in sample temperature.

Field EC measurements ranged from 1,116 uS/cm (22MWO05 in November) to 1,422 uS/cm (BH8 in November) in
2023. The field EC results were generally similar to the laboratory measured EC results.

4.3 Groundwater Analytical Results

The groundwater analytical data for 2023 is summarized in Table 2. The laboratory analytical reports are included
in Appendix D and historical tables are included in Appendix E.

4.3.1 Background Groundwater Characteristics

Monitoring well MW-01 was located southwest of the former landfill in a location that is hydraulically up-gradient or
cross-gradient. The well is assumed to be destroyed and background groundwater quality results are inferred from
the 2013 analytical results from MW-01.

In 2013, the concentration of dissolved manganese (1.3 mg/L) at MW-01 was greater than the other manganese
concentrations at the site measured in 2019 (ranging from 0.412 mg/L to 0.805 mg/L); however, dissolved iron
concentrations were non-detect, nitrate was present in several milligrams per litre, and dissolved boron
concentrations were low. These parameter concentrations, along with a relatively low ammonia concentration of
0.18 mg-N/L in 2013, do not suggest that the water quality at MW-01 in 2013 was affected by leachate. The
concentration of chloride at MW-01 in 2013 was 110 mg/L, which is greater than the concentrations of chloride
measured at other wells in 2019. It should be noted that MW-01 is the only monitoring well on site that is located
near a roadway, suggesting the groundwater quality may be influenced by road salt.
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Concentrations of BTEX, PHC fractions F1 and F2, and VOCs were less than the analytical detection limits at
MW-01 in 2013.

4.3.2 Routine Water Chemistry Parameters

In 2023, TDS concentrations were greater than the Tier 1 Guidelines (500 mg/L) during both events at BH8 and
22MWO05 and ranged from 670 mg/L (22MWO05 in November) to 879 mg/L (BH8 in May). TDS concentrations in
2023 at these two monitoring wells were consistent with historical results. Elevated TDS concentrations often occur
in groundwater as a result of the dissolution of naturally occurring salts and minerals in Alberta, and do not
necessarily indicate groundwater quality impact related to the former landfill.

Ammonia concentrations in 2023 were 0.223 mg-N/L (May) and 0.258 mg-N/L (November) at BH8 and
2.72 mg-N/L (May) and 3.16 mg-N/L (November) at 22MWO05. The concentrations of ammonia were less than the
Tier 1 Guidelines at both monitoring wells but the concentrations at 22MWO05 were higher than at BH8. The Tier 1
Guidelines for ammonia are a factor of pH and temperature.

Sulphate concentrations were negligible at 22MWO05, suggesting possibly sulphate reduction due to anoxic
conditions, which is common in groundwater within or near landfill wastes. Other than TDS, routine water chemistry
parameter concentrations did not exceed the Tier 1 Guidelines in 2023 at BH8 and 22MWO05; however, the
measured sulphate and ammonia concentrations at 22MWO05 suggests some groundwater quality impact by landfill
leachate.

4.3.3 Dissolved Metals

Concentrations of dissolved arsenic were greater than the Tier 1 Guidelines (0.005 mg/L) at 22MWO05 in 2023
(0.00593 mg/L in May and 0.0102 mg/L in November). Arsenic is known to be strongly adsorbed onto
iron(hydr)oxides, and when iron and manganese dissolve, arsenic will also go into solution (Hem 1992). The
concentrations of dissolved arsenic are likely correlated to the presence of dissolved iron. The dissolved arsenic
concentration at 22MWO05 in November 2023 was one order of magnitude higher than the Tier 1 Guidelines, possibly
due to deeper anoxic conditions and consequently, higher dissolved iron concentrations. This was also observed
in February 2022 at 22MWO05.

The Tier 1 Guidelines exceedances for barium in the 2021 and 2022 report at MW-03 (1.85 mg/L) and 22MW05
(1.25 mg/L) no longer exceed with the updates to the 2022 Tier 1 Guidelines where the guideline for barium is
2 mg/L. Dissolved barium concentrations in 2023 were less than the Tier 1 Guidelines and the concentrations
decreased at 22MWO05 when compared to the 2022 concentration. Tetra Tech interprets the elevated barium
concentrations at the site to be related to the low sulphate concentrations. Tetra Tech notes that the measured
barium concentrations in 2013 at MW-01, MW-02, and MW-04 exceed the Tier 1 Guidelines. As barium sulphate
has a limited solubility, more barium will be released into solution when sulphate concentrations are low. As stated
above, low sulphate concentrations suggest deep anoxic (sulphate reducing) conditions, which are likely related to
the former landfill.

Iron and manganese are redox-sensitive parameters that also occur in groundwater under aerobic conditions and
can help determine whether the groundwater quality is affected by biodegradation reactions, for instance related to
landfill leachate. The dissolved manganese concentrations were greater than the Tier 1 Guidelines (0.02 mg/L) at
BH8 and 22MWO05 during the sampling events in 2023. The dissolved iron concentration was also greater than the
Tier 1 Guidelines at 22MWO05 in 2023. The dissolved iron concentration at BH8 decreased to less than the Tier 1
Guidelines in 2023. Manganese and iron also naturally occur in groundwater under anaerobic conditions and
concentrations of these parameters do not necessarily indicate an adverse impact on groundwater quality. However,
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the measured dissolved iron concentrations at 22MWO05 in 2023 (8.45 mg/L in May and 11.0 mg/L in November),
in combination with a low sulphate and an elevated ammonia concentration, suggests some leachate impact.

Dissolved mercury exceeded the Tier 1 Guidelines in 2022 at 22MWO05; however, concentrations were less than

the analytical detection limit during both events in 2023 and the 2022 result is considered to be anomalous.

4.3.4 Organic Parameters

Concentrations of BTEX were less than the analytical detection limits at BH8 and 22MWO05 in 2023 which is
consistent with historical results.

The 2023 VOC concentrations at BH8 and 22MWO05 were less than the Tier 1 Guidelines during both events.
Detectable concentrations of cis-1,2-dichloroethene were measured at BH8 during both events in 2023 and the
concentrations were similar to the 2021 results. There is currently no Tier 1 Guidelines for cis-1,2-dichloroethene.
The previous detection of vinyl chloride at BH8 in 2021 decreased to less than the analytical detection limit during
both events in 2023. Cis-1,2-dichloroethene is known as a breakdown product of dry-cleaning liquids
(i.e., tetrachloroethene [PCE]), and typically further degrades to form vinyl chloride. PCE was not detected at any
of the monitoring wells in 2019, 2021, or 2023.

4.4 Quality Assurance/Quality Control

4.41 Methods

Tetra Tech’s groundwater 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;
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 vapour sample during the vapour sampling event; and

Documenting field procedures and sampling activities.

4.4.2 Results

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

The duplicate analysis is compared by relative percent difference (RPD). The RPD is calculated using the following
equation:
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(V1=V2)
RPD = [(V;VZZ)] +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.

For the groundwater duplicate samples collected in 2023 at BH8 in May and from 22MWO05 in November, RPDs
were less than 20% for all of the reportable concentrations. Based on the QA/QC results, the sample methods and
results are considered acceptable.

5.0 EVALUATION OF SITE CONDITIONS

5.1 Summary of Site Conditions

Based on the 2023 and historical data for the site, there is no evidence that there are significant concerns related
to the former landfill operations at the LTCHS impacting Gaetz Lake. However, there is evidence of residual impacts
and the site does contain buried landfill waste; therefore, some risk management measures are required.

Historical assessments indicate that the eastern extents of the landfill are relatively close to Gaetz Lake (within
10 m to 20 m). Groundwater monitoring data in 2023 show the inferred groundwater flow direction at the site is
away from Gaetz Lake flowing northwesterly towards the Red Deer River, which is consistent with historical results.
In addition, datalogger information from 22MWO05 and Gaetz Lake DL in 2023 show that Gaetz Lake is recharging
the shallow groundwater in this location west of the lake.

The 2023 groundwater analytical results at BH8 and 22MWO05 had similar concentrations to previous results and
show that the wells are anoxic and have leachate indicator parameters present.

Previous testing of well headspace vapours for methane and VOCs did not identify concerns at the locations
monitored. In 2021 and 2022, the methane concentrations at all vapour probes were less than the instrument’s
detection limit and the highest methane concentration measured from the groundwater wells was 60 parts per
million (ppm) at 22MWO05; all measurements at the wells located next to the LTCHS were less than the instrument’s
detection limit. As there is little indication that measured concentrations pose a hazard to receptors, it was
recommended to discontinue headspace vapour monitoring of the groundwater and vapour wells. However,
historical testing indicates the presence LFG (characterized by methane concentrations at and greater than the
explosive range) in the landfill area. An interceptor trench is present between the waste mass and the LTCHS, and
monitoring by the LTCHS has documented that the inceptor trench was performing as intended. The current
operation status for the interceptor trench is not known; however, we understand that the LTCHS provides periodic
update of the program status to The City. Historical vapour monitoring and analytical data is included in Appendix E.
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As described in Appendix B, previous evaluation of the vapour data in regard to hazard quotients and cancer risk
levels identified that no passive or active mitigative measures would be required for the site with respect to vapours.
As described above, there is no evidence of significant concerns relative to impact of Gaetz Lake by the historical
landfill operations, and no mitigative measures are required.

6.0 CONCLUSIONS AND RECOMMENDATIONS

Based upon the results of the groundwater and soil vapour monitoring and sampling conducted in 2023 and previous
years, Tetra Tech has developed the following conclusions:

The groundwater elevations measured in November 2021 and June 2022 inferred a groundwater flow direction
to the northwest, towards the Red Deer River. The 2023 monitoring results confirm these findings. The average
horizontal hydraulic gradients at the site were estimated as approximately 0.002 m/m. Overall, the groundwater
elevations have increased at all monitoring wells since 2019 and have been generally stable since the fall
of 2021.

Based on a review of groundwater elevations at the monitoring well network, and datalogger recordings in 2023
at Gaetz Lake and adjacent monitoring well 22MWO05, the lake is recharging the shallow groundwater west of
the lake. The results for 2023 suggest that groundwater within footprint of the former landfill generally does not
discharge towards Gaetz Lake.

Routine groundwater quality parameters and dissolved metals concentrations that exceeded the Tier 1
Guidelines at one or more monitoring wells in 2023 included TDS and dissolved metals arsenic, iron, and
manganese. The measured concentrations of these parameters were generally consistent with historical results
and show leachate indicator parameters and anoxic conditions at BH8 and 22MWO05. Previous guideline
exceedances of dissolved barium and dissolved mercury were not confirmed in 2023. It is noted that the
guideline has changed for dissolved barium becoming less stringent with the current updates to the Tier 1
Guidelines. The previously measured dissolved mercury exceedance is interpreted to be an anomalous result.

Concentrations of BTEX were less than the analytical detection limits at BH8 and 22MWO05 in 2023. In 2023,
most VOC concentrations measured less than the analytical detection limits and less than the Tier 1 Guidelines,
where established, at both groundwater monitoring wells. VOC parameter 1,2-dichloroethene (cis) was detected
in low concentrations at monitoring well BH8 in the spring and fall, consistent with prior results; this VOC does
not have an established Tier 1 Guidelines. Additionally, vinyl chloride was detected at monitoring well BH8
(0.0010 mg/L) in November 2021; however, the concentration was less than the analytical detection limit in
2023. Trace concentrations of 1,2-dichloroethene (cis) were previously measured at MW-02 and MW-03.

Overall, the on-site monitoring wells showed relatively minor concentrations of leachate indicator parameters in
2023.

Monitoring and/or analytical testing of the vapour probes was not conducted in 2023 based on previous results
that suggest there is little indication that vapour migration poses a hazard to receptors. Historical testing
indicates the presence of LFG (characterized by methane concentrations at and greater than the explosive
range) in the landfill area; however, an interceptor trench is present between the waste mass and the LTCHS.
Tetra Tech understands that ongoing monitoring is completed by another consultant on behalf of the LTCHS.

Based upon the results of monitoring programs in 2023 and previous years, Tetra Tech recommends ongoing risk
management, including ongoing monitoring and administrative actions. However, the results of the 2023 monitoring
and sampling program are consistent with previous results, suggest environmental conditions are reasonably well
defined, and no longer warrant an annual monitoring and sampling frequency.
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The following recommendations are made according to these risk management elements.
Ongoing Monitoring:

Conduct an additional groundwater monitoring event in the spring of 2025 to confirm the groundwater flow
pattern. In conjunction with the proposed event, collect groundwater samples from MW-02, MW-03,
MW-04, 22MWO05 and BH8 to confirm previous results and to maintain an audit trail of environmental conditions.
Further monitoring is not recommended at the monitoring wells located next to LTCHS (MW04A, MWO5A,
MW14A, and MW15A).

Administrative Actions:

The interceptor trench adjacent to the LTCHS is operated and monitored by the LTCHS and we understand
that the LTCHS provides periodic updates of the program status to The City. We recommend that The City
obtain and review the collected data on an annual basis in support of management activities at this site. Further,
we suggest that The City request as-built details of the inceptor trench from the LTCHS for their records, and
further that any records of manual or automated indoor monitoring be requested.

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

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 City policies.

Further to the above recommendations, as noted 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.
We note that the design and operation of the interceptor trench adjacent to the LTCHS was developed based on
surface conditions similar to existing, and if changes or improvements to the surface of the landfill are contemplated
(e.g., paving or installation of an impermeable cap), such work should be undertaken in conjunction with a review
of the interceptor trench design and performance.

1"
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7.0 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:

Jaymes Going, B.Sc., EP
Environmental Scientist
Environment & Water Practice
Direct Line: 403.308.4293
Jaymes.Going@tetratech.com

Reviewed by:

Sean Buckles, M.Sc., P.Eng.

Senior Project Engineer — Team Lead
Solid Waste Management Practice
Direct Line: 403.723.6876
Sean.Buckles@tetratech.com

2023 Groundwater Monitoring Report-LTCHS_IFU.docx

12

Reviewed by:

Frans Hettinga, B.Sc.

Principal Specialist

Solid Waste Management Practice
Direct Line: 403.723.6860
Frans.Hettinga@tetratech.com

PERMIT TO PRACTICE
TETRA TECH CANADA INC.

RM SIGNATURE:

RMAPEGA ID #:

DATE:

PERMIT NUMBER: P013774

The Association of Professional Engineers and
Geoscientists of Alberta (APEGA)

@ TETRA TECH



2023 GROUNDWATER MONITORING REPORT - LINDSAY THURBER COMPREHENSIVE HIGH SCHOOL
FILE: 704-SWM.SWOP04071-03.008 | JULY 12, 2024 | ISSUED FOR USE

REFERENCES

Alberta Environment and Parks. 2022. Alberta Tier 1 Soil and Groundwater Remediation Guidelines. Land Policy
Branch, Policy and Planning Division. ISBN 978-1-4601-5501-1.

Alberta Environment and Parks. 2024. Alberta River Basins. Alberta Environment and Parks — Alberta River Basins
flood alerting, advisories, reporting and water management [Accessed February 7, 2024].

Canadian Council of Ministers of the Environment. 2014. A Protocol for the Derivation of Soil 