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EXECUTIVE SUMMARY 
The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2024 groundwater, 
surface water, and vapour monitoring and sampling programs at a former landfill known as the Red Deer College 
(RDC) historical waste disposal site (the Site). The Site is located near Red Deer Polytechnic (RDP), formerly Red 
Deer College, located at Lot 1 Block 1 Plan 012 0303 within the southeast quarter of Section 08-38-27 W4M.  

The objectives of the monitoring program are to assess the environmental condition of the Site, potential impacts 
on the environment and adjacent receptors related to the presence of the historical landfill and to provide 
recommendations related to risk management activities.  

These objectives include: 

 comparing groundwater quality at the Site to the 2024 Alberta Environment and Protected Areas (AEPA) Alberta 
Tier 1 Soil and Groundwater Remediation Guidelines (Tier 1 Guidelines); 

 surface water quality to the most conservative values for the protection of freshwater aquatic life (FAL) as set 
out in the AEP document Environmental Quality Guidelines for Alberta Surface Waters; and 

 soil vapour conditions to site-specific soil vapour screening levels developed from information contained in the 
Tier 1 Guidelines as well as documents by the Canadian Council of Ministers of the Environment (CCME), 
Health Canada, and the United States Environmental Protection Agency (US EPA)4. 

Tetra Tech’s scope of work for the 2024 monitoring and sampling program at the Site included: an annual surface 
erosion survey including measurements of surface emissions; conducting annual soil vapour and groundwater 
monitoring at on-site groundwater and soil vapour monitoring wells; annual sampling at selected locations for soil 
vapour and groundwater; surface water sampling of Waskasoo Creek; updating the hazard quotients; reviewing 
and updating previous recommendations for the Site; and preparing an annual report. The current groundwater 
monitoring network at the Site consists of eight monitoring wells (MW-02 to MW-07, 21MW-08 and 21MW-09). 
MW-01 was decommissioned in September 2024 as it was damaged shortly after its installation in 2013 and made 
inaccessible.  

Groundwater samples were collected and analyzed from monitoring wells MW-05, MW-08, and MW-09 in 
September 2024. Surface water samples were collected from Waskasoo Creek at one location upstream (SW-01) 
and one location downstream (SW-02) of the Site in September 2024. The current vapour monitoring network 
consists of six vapour monitoring wells (VW-01 to VW-05 and 22VW-06). Soil vapour samples were collected and 
analyzed from vapour wells VW-02, VW-03, and 22-VW-06 in December 2024. The analytical groundwater and 
surface water parameters included pH, electrical conductivity (EC), major ions, total dissolved solids (TDS), 
nutrients, metals (dissolved for groundwater and total for surface water), benzene, toluene, ethylbenzene, and 
xylenes (BTEX), petroleum hydrocarbon (PHC) fractions F1 and F2, and volatile organic compounds (VOCs). The 
analytical vapour parameters included matrix gases including oxygen, carbon dioxide, methane, and nitrogen, 
VOCs, BTEX, and PHCs.  

Based upon the results of the groundwater, surface water, and soil vapour monitoring and sampling conducted in 
2024 and previous years, Tetra Tech has developed the following conclusions: 

 The inferred groundwater flow direction from the September 2024 elevation contours was to the east-northeast, 
towards Waskasoo Creek, east of Taylor Drive; this is consistent with previous findings. The average horizontal 
hydraulic gradient at the Site was approximately 0.04 m/m, which is similar to previous findings.  
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 Groundwater quality parameters exceeded the Tier 1 Guidelines for one or more of the groundwater samples, 
all of which had been collected from wells installed within the eastern portion of the waste footprint. 
Exceedances included: TDS, sodium, sulphate, chloride, benzene, ethylbenzene, 1,2-dichlorobenzene, vinyl 
chloride, and the dissolved metals arsenic, iron, manganese, and uranium. Nitrite was non-detect; however, 
the detection limit was higher than the Guideline. The measured concentrations of one or more of these 
parameters, in addition to the presence of various VOCs with no established guideline values, suggest that 
leachate has impacted the groundwater quality at these monitoring wells. The reported concentrations of these 
analytes were consistent with previous results. 

 Previous ammonia concentrations at the three monitoring wells sampled (MW-05, 21MW-08, and 21MW-09) 
have consistently exceeded the Tier 1 Guidelines. A miscommunication led to ammonia not being analyzed as 
part of the 2024 analytical suite of water quality parameters. However, given the minimal overall changes in 
water chemistry observed in the other parameters during the 2024 monitoring event, it is likely that the ammonia 
concentrations also remained relatively unchanged from the concentration range of 4.68 mg-N/L (MW-05) to 
46.5 mg-N/L (21MW-06) observed in 2023. 

 Surface water analytical results in 2024 along Waskasoo Creek suggest that the surface water quality has not 
been impacted by groundwater from the Site as most concentrations were higher upstream than downstream.  

 Landfill gas (LFG) is present within the waste footprint of the Site, similar to results from previous years: 

− Soil vapour samples were analyzed for BTEX, PHCs, and VOCs and concentrations less than the soil 
vapour screening criteria were measured in samples VW-02 and 22VW-06, situated south and north, 
respectively, of the landfill footprint. 

− The VOCs cis-1,2-dichloroethene and vinyl chloride exceeded the soil vapour screening criteria at VW-03, 
situated at the northern boundary of the Site and immediately adjacent to the waste footprint. Methane was 
also identified during monitoring at this location at a concentration of 4.5% during the December 2024 event. 
For methane, the lower explosive limit (LEL) is 5% by volume in air, or 50,000 parts per million (ppm). 

− The field-measured methane concentration at VW-05 was 53.3%; this is above the LEL for methane. 
Vapour well VW-05 is positioned in the centre of the historical waste disposal area, approximately 180 m 
north of the nearest buildings (RDP Residences).  

− Elevated methane concentrations were also measured in the headspace of monitoring wells 21MW-08 and 
21MW-09, located along the eastern perimeter of the Site. Elevated chloroform was noted at vapour well 
22VW-06, which should be confirmed in the next sampling round. 

− The soil vapour sample collected from VW-03 exceeded the cumulative cancer risk target of 1.0 x 10-5 and 
the cumulative hazard quotient target of 1.0 by one order of magnitude. Similar risks were assessed for 
VW-05 in previous years. Samples from VW-02 and 22VW-06 were within the aforementioned targets, 
similar to VW-01 and VW-05 in previous years.  

 The Site walkover survey results for surface methane emissions in September 2024 included elevated 
concentrations, up to a maximum of 5,400 ppm, in a crack located east of MW-04 near Taylor Drive. No methane 
was detected more than 2 cm above the ground surface. During the walkover no obvious changes to the 
surface, or issues like large cracks, exposed waste, or ground settlement were noted compared to previous 
walkovers.  

Buried landfill waste remains in place at the Site and both groundwater quality impact and LFG are present. The 
depth to groundwater measured to date at the monitoring wells and the elevation of the creek bottom suggest that 
Waskasoo Creek, located east and south of the Site, acts as a physical barrier to the eastward and southward 
migration of LFG. Waskasoo Creek is considered to be a receptor for groundwater passing beneath the Site based 
on the inferred groundwater flow direction. Ongoing risk management is recommended, including the following risk 
management elements. 
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Site Monitoring: 

 Continue groundwater monitoring of all accessible groundwater monitoring wells and sampling of hydraulically 
down-gradient monitoring wells MW-05, 21MW-08, and 21MW-09 for routine groundwater chemistry 
parameters, including ammonia, and dissolved metals, VOCs, BTEX, and PHCs to monitor trends and assess 
the potential risk to receptors. As the inferred groundwater flow direction and groundwater quality have been 
well defined, a reduced frequency of monitoring and sampling is proposed. 

 Conduct annual surface water sampling of Waskasoo Creek, both upstream and downstream of the Site, to 
assess potential impacts from leachate-impacted groundwater entering the creek from the Site. The surface 
water sample should be analyzed for pH, EC, routine water chemistry parameters, ammonia, total metals, 
BTEX, and PHC fractions F1 and F2, and VOCs. Consideration may be given to an additional sampling point 
north of 32 Street to better assess downstream rather than cross-stream impacts. 

 Continue annual monitoring at all vapour wells (VW-01 to 22VW-06) and sampling of the perimeter vapour 
probes VW-02, VW-03, and 22VW-06 under frozen conditions (November or December 2025). 

 Conduct an annual surface emissions survey in 2025 to continue delineating and characterizing landfill gas 
emissions from the ground surface at the Site. This work should include detailed monitoring proximate to areas 
where emissions have been previously noted, and careful mapping of the locations with respect to cracks, 
holes, evidence of stressed vegetation, and other pertinent observations. The surface emissions survey should 
be conducted in summer or fall when there is no snow covering the ground surface. 

Additional Assessment and Risk Management: 

 During the annual monitoring event, conduct a site walkover to review the integrity of the surface material, to 
document any vegetation die-off and exposed soils which may lead to potential erosion, cracking, and/or 
exposed waste. This information may be used to evaluate whether vegetation cover improvements or potential 
repairs to the cap are necessary. 

The City should liaise with the landowner to consider cover improvement works in the area near Taylor Drive, to 
mitigate emissions and support vegetation growth where stressed/dead vegetation has previously been observed. 
Continued annual surface emissions surveys would follow to monitor the performance of the cover improvement 
works. 

Table E-1: Proposed Site Condition, Surface Water, Groundwater, and Vapour Monitoring 
Program 

Activity 2025 2026 2027 2028 2029 2030 
Annual Site Walkover (Summer) including surface emissions 
survey X X X X X X 

Annual (Summer) Groundwater Monitoring and Sampling 
Event of Three Wells (MW-05, 21MW-08, and 22MW-09)  X   X  

Annual (Summer) Surface Water Sampling Event of 
Two Locations (SW-01 and SW-02) X X X X X X 

Annual (Winter) Vapour Monitoring of Six Wells (VW-01, 
VW-02, VW-03, VW-04, VW-05, and 22VW-06) and 
Sampling of the three perimeter wells VW-02, VW-03, and 
22VW-061 

X X X X X X 

Notes: 
The proposed monitoring program is to be reviewed on an annual basis as new information becomes available. 
1 Vapour monitoring frequency to be revised pending completion of cover improvement works. 
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Administrative Actions: 

 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 policies. 

 Ensure that the Site is clearly identified within The City’s utility mapping system. Elevated gas concentrations 
may be present in the subsurface proximate to the Taylor Drive and 32 Street rights-of-way. Future activities in 
this vicinity (e.g., utility work, repairs, paving) should consider the potential presence of gas and a site-specific 
safety plan should be developed for work undertaken to limit the potential for exposure to site workers. 

The Site presently has a grass cover, and the status of the cover should be reviewed on an ongoing basis to ensure 
that the cover remains intact, and drainage remains positive to prevent ponding and subsequent infiltration and 
leachate generation from rainfall. 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 the Appendix 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 2024 groundwater 
and vapour monitoring program at the former landfill known as the Red Deer College (RDC) historical waste disposal 
site (the Site), near Red Deer Polytechnic (RDP) and located at Lot 1 Block 1 Plan 012 0303 within the southeast 
quarter of Section 08-38-27 W4M.  

The objectives of the monitoring program are to assess the environmental condition of the Site, potential impacts 
on the environment and adjacent receptors related to the Site’s former use as a landfill, and to provide 
recommendations related to risk management activities. 

The scope of work for 2024, presented in Section 1.1, was based on Tetra Tech’s 2022 and 2023 groundwater and 
soil vapour monitoring and sampling program conducted at the Site, along with communications between The City 
and Alberta Environment and Protected Areas (AEPA; formerly Alberta Environment and Parks [AEP]) that followed 
from the 2022 and 2023 report. The 2022 and 2023 results were presented in the 2022 and 2023 Groundwater and 
Soil Vapour Monitoring Report – Red Deer College (Tetra Tech 2024a). 

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. 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 2022 and 2023 findings and recommendations, the work conducted in 2024 included the following: 

 Annual groundwater monitoring event in September 2024 at eight monitoring wells, including measuring 
methane concentrations in headspace vapours and groundwater levels within each groundwater monitoring 
well as well as observing monitoring well integrity. 

 Annual groundwater sampling at monitoring wells MW-05, 21MW-08, and 21MW-09 in September 2024, which 
included purging the wells. Field parameters for electrical conductivity (EC), pH, and temperature were to be 
recorded at the time of sampling. The samples were then to be submitted for laboratory analyses.  

 Surface emissions survey in September 2024. 

 Annual vapour monitoring in December 2024, including measurement of headspace vapours and groundwater 
levels within each vapour monitoring well and observing vapour well integrity. 

 Annual vapour sampling in December 2024, collecting vapour samples from VW-02, VW-03, and 22VW-06 into 
Summa canisters for analysis. 

 Collection of one duplicate groundwater and one duplicate soil vapour sample for quality assurance/quality 
control (QA/QC) purposes. 

 Decommissioning damaged monitoring well MW-01 in September 2024 and conducting monitoring well repairs, 
as required.  

 Annual surface water sampling in September 2024 from upstream (SW-02) and adjacent/downstream (SW-01) 
points on Waskasoo Creek, measuring field parameters at the time of sampling. 
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 A site walkover during each monitoring event – conducted in September 2024 for this report – to evaluate the 
cover for potential erosion, cracking, and/or exposed wastes. 

 Preparation of an annual report summarizing the field activities, interpreting the groundwater, surface water, 
and soil vapour analytical results and providing recommendations for future monitoring activities at the Site. 

2.0 BACKGROUND INFORMATION 

2.1 General Information 
The Site is located within SE 08-38-27 W4M, at Lot 1 Block 1 Plan 0120303. The Site location is shown on Figure 1. 
The Site is zoned PS – Public Service (Institutional and Government) District and is located on the east side of the 
RDP campus. The Site is located at the southwest corner of Taylor Drive and 32 Street. Waskasoo Creek is present 
to the south and east of the Site and flows north along the east side of Taylor Drive. Waskasoo Creek discharges 
to the Red Deer River, approximately 1.7 km north of the Site. A Site plan, including the surrounding land use, is 
shown on Figure 2. The area around the Site has been developed, and includes RDP buildings, student residences, 
a running track, sports fields, walking paths, and paved and unpaved parking surfaces. These developments are 
outside (south and west) of the interpreted former waste disposal area, except for a portion of a gravelled/unpaved 
parking lot. The surrounding land use consists of Environmental Preservation District, Residential (Low Density) 
District, and Commercial (Major Arterial) District. A residential subdivision is located northwest of the Site. Natural 
areas at the Site consist of grasses and trees. Additional information on the Site history, historical groundwater 
monitoring investigations, geology, and hydrogeology can be found in Appendix B. Cross-sections prepared by 
Tiamat Environmental Consultants Ltd. (Tiamat; 2014) using the wells previously installed at the Site in 2013 are 
included in Appendix C. Borehole logs by Agra Earth & Environmental Ltd (Agra; 1999), Tiamat (2013) and 
Tetra Tech (2021, 2022) are included in Appendix D. 

2.2 Conceptual Site Model Summary 
The selection of comparative guidelines is based on the conceptual site model (CSM), first described in the 2021 
groundwater and soil vapour monitoring report (Tetra Tech 2022) and updated in the 2023 groundwater and soil 
vapour monitoring report (Tetra Tech 2024a). The CSM outlines the rationale for the selection of applicable 
exposure pathways and receptors at the Site, based on guidance from the Alberta Tier 1 Soil and Groundwater 
Remediation Guidelines (AEP, 2022), and amended in 2024 by AEPA (2024). The guidelines contained in the 2024 
document are referred to hereafter as “Tier 1” or “the Guidelines”. The CSM 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 following table (Table 2-1) presents a summary of the relevant receptors and exposure pathways identified in 
the CSM. 
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Table 2-1: Summary of Conceptual Site Model 
Release Mechanism COPC Migration Pathway Potential Receptor 

Leachate infiltration 
into foundation soils or 
seepage through cover 

Inorganic parameters and 
nutrients, metals, petroleum 
hydrocarbons (PHCs), volatile 
organic compounds (VOCs), 
and other indicator 
parameters (i.e., biological 
oxygen demand [BOD] and 
chemical oxygen demand 
[COD]). 

Direct soil contact. Human users of the parkland; 
ecological plants and soil 
invertebrates. 

Groundwater ingestion via 
water wells (drinking water). 
Dermal contact and 
freshwater aquatic life (FAL) 
ingestion of groundwater 
discharged to Waskasoo 
Creek. 

Domestic use aquifer (DUA) 
drinking water; FAL in 
Waskasoo Creek. 

Nutrient and Energy Cycling. Microbial functioning of the soil. 
Landfill gas (LFG) 
emissions 

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

Vapour inhalation. Human users of the parkland; 
inhabitants of buildings near the 
parkland; workers in 
excavations/trenches; 
ecological plants and soil 
invertebrates. 

 

2.2.1 Data Evaluation 

To establish the appropriate guidelines for the Site, residential land use criteria was 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, FAL, and nutrient and energy cycling. Through 
previous investigations at the Site, Tetra Tech has determined that the dominant soil stratigraphy governing 
potential contaminant transport at the Site is coarse grained. 

As recommended by AEPA, the soil vapour results obtained during the investigation were compared to generic soil 
vapour criteria developed from information contained in the Tier 1 Guidelines as well as documents by the Canadian 
Council of Ministers of the Environment (CCME; 2014), Health Canada (2021), and the United States Environmental 
Protection Agency (US EPA; 2024). To determine the appropriate guidelines for comparison against the vapour 
sampling results, indoor air risks were calculated, and methane explosive risks were evaluated.  

Based on the CSM, the most applicable guidelines for groundwater and vapour results for the Site included the 
following: 

 Groundwater concentrations at the Site were compared to the Tier 1 Guidelines (AEPA 2024a) under 
residential/parkland land uses for coarse-grained soils. 

 Surface water analytical results were compared to the most conservative values for the protection of FAL as 
set out in the AEP document Environmental Quality Guidelines for Alberta Surface Waters (AEP 2018). Surface 
water quality results for 2021, 2022, and the 2024 sampling event, are included in Table 5A. 
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 Soil vapour analytical results were compared to soil vapour screening criteria under residential land use for both 
slab-on-grade and basement for coarse-grained soils, developed from the CCME document A Protocol for the 
Derivation of Soil Vapour Quality Guidelines for Protection of Human Exposures Via Inhalation of Vapours 
(CCME 2014). Soil vapour screening criteria for vapour intrusion into indoor air spaces were updated as of 
2024, using current toxicity reference values (TRVs) from Health Canada (2021) and the US EPA; 2024. 

 For the hazard quotient evaluation, cumulative target risk and hazard levels were determined in accordance 
with Alberta Tier 2 Guidelines (AEPA 2024b). For carcinogens, the target risk level is 1 x 10-5, as this value is 
considered by Health Canada to represent a negligible risk. This risk level applies to both individual compounds 
and a summation (i.e., cumulative) of individual compounds risks. For non-carcinogens, a cumulative target 
hazard level of 1.0 is used as potential exposures that result in cumulative hazard indices equal to or less than 
1.0 signify negligible potential for adverse health effects. For individual compounds, a hazard index of 0.2 was 
used. Each sampling location was screened individually for every chemical detected, and the results evaluated 
relative to both individual and cumulative risks and hazard levels. For some compounds, both carcinogenic and 
non-carcinogenic effects require calculation. 

2.3 Monitoring Well Network 
The current groundwater monitoring network at the Site consists of eight monitoring wells (MW-02 to MW-07, 
21MW-08, and 21MW-09). Monitoring wells 21MW-08 and 21MW-09 were installed in 2021. Monitoring well MW-01 
was damaged shortly after installation and was decommissioned in 2024 by removing the polyvinyl chloride (PVC) 
casing and backfilling with bentonite to the ground surface. Monitoring well completion details are summarized in 
Table 1. The monitoring wells were reported to be in good condition in 2024. 

Surface water locations along Waskasoo Creek were sampled upstream (SW-02) and adjacent/downstream 
(SW-01) of the Site. 

The vapour monitoring network consists of six vapour monitoring wells (VW-01 to VW-05 and 22VW-06). Most soil 
vapour wells were noted to be in good condition during the monitoring event in December 2024. 

Other vapour and groundwater wells have been installed at the Site but are not included in the monitoring program. 
Monitoring wells MW-03 to MW-06, 21MW-08, and 21MW-09, and VW-05 are installed within the historical waste 
disposal area. 

Groundwater and vapour monitoring well locations are shown on Figure 2. 

3.0 FIELD MONITORING AND SAMPLING METHODOLOGY 

A discussion of the methods used for the fieldwork and laboratory testing is presented in the following sections. 
Borehole logs for both groundwater and soil vapour monitoring wells are presented in Appendix D. 

3.1 Groundwater Monitoring and Sampling  
Tetra Tech conducted groundwater monitoring and sampling on September 5 and September 7, 2024. 

Groundwater monitoring consisted of measuring static groundwater levels in each monitoring well using an interface 
probe. 
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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 standing water levels in each monitoring well with an interface probe, recording total well depths, 
and confirming the absence of non-aqueous phase liquids (NAPLs). 

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

 Purging each monitoring well requiring sampling, using either 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. 

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

 Groundwater samples were collected from three monitoring wells (MW-05, 21MW-08, and 21MW-09). Samples 
were collected 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.  

3.1.1 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. 

 Ammonia.  

 Dissolved metals. 

 BTEX and PHC fractions F1 and F2. 

 VOCs. 

A miscommunication led to ammonia not being analyzed as part of the 2024 analytical suite.  

3.2 Surface Water Sampling 
Tetra Tech conducted surface water sampling on September 5, 2024, at Waskasoo Creek.  

Surface water samples were collected at two locations along Waskasoo Creek: upstream (SW-02) and 
cross-gradient/downstream (SW-01) of the Site. Surface water sampling locations are presented on Figure 2. 

The methodology for surface water sampling included the following: 

 Observing the flow and water level of Waskasoo Creek prior to sampling. 
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 Surface water samples were collected midstream by submerging the sampling bottle halfway between the water 
surface and the bottom of the creek bed, with the mouth of the bottle facing upstream. 

 Samples were collected 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 iced coolers to ALS in Calgary, Alberta, for laboratory analysis under COC 
documentation.  

3.2.1 Surface Water Analytical Program  
The analytical program for the surface water sampling locations is summarized below: 

 Routine water chemistry. 

 Total metals. 

 BTEX and PHC fractions F1 and F2. 

 VOCs. 

3.3 Vapour Field Program 
Tetra Tech conducted soil vapour monitoring and sampling on December 5, 2024, from the soil vapour wells and 
for methane from the groundwater monitoring well headspaces on September 4, 2024, following the groundwater 
monitoring event.  

Measurements were taken of the methane headspace concentrations in each groundwater well using a calibrated 
RKI Eagle Hydrocarbon Surveyor II (RKI Eagle). 

Vapour monitoring at the vapour probes consisted of measuring and recording soil gas pressure and composition 
(methane, carbon dioxide, oxygen, hydrogen sulphide, and balance gas) on a percent volumetric basis. The 
groundwater level was measured to check if water was present in the wells, which could potentially blind them.  

Each soil vapour probe was 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 probe was purged of three well volumes of air. The soil vapour probes were purged directly with a 
CES-Landtec GEM 5000 (GEM) LFG analyzer. 

After purging, gas composition measurements were recorded using the GEM LFG analyzer. After recording soil gas 
concentrations, the probe/well depths and water levels (if present) were measured and recorded to confirm that the 
water level within the probe was beneath the screen portion of the soil gas well (i.e., the well was not blinded).  

A leak detection test was completed to ensure the vapour probe was sealed properly. The test was completed using 
a helium gas tracer to inspect the testing probe and apparatus for any leaks. If there was a leak beyond the 
acceptable range of 2% helium concentration, the connections were tightened, and the leak test was conducted 
again.  
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Sampling of the soil vapour wells was based on the methodology of the CCME sampling guidelines (CCME 2016a, 
2016b), and is summarized as follows: 

 Prior to collecting the soil vapour well samples, the well was purged of three well volumes or until headspace 
readings stabilized. 

 A 1.4 L Summa vacuum canister was used for sample collection at the soil vapour well monitoring location. 

 Sample data was recorded on the provided sample tag for each canister. 

 Sample tubing that was used to connect the canister to the soil vapour well was low in VOCs and only used 
once to prevent sample contamination. 

 When beginning sample collection, the end cap was removed, and a 60-minute flow controller was attached to 
the canister. Start time and starting pressure were recorded on the sample tag. 

 When sampling was complete, the valve was closed, and the flow controller was removed. The end time and 
final pressure were recorded on the sample tag. 

 The protective end cap was replaced back on the canister. 

 Canisters, flow controllers, and pressure gauges were placed in the original shipping container and returned to 
the laboratory under COC. 

 The soil vapour probe sampling port was returned to the closed position, and the well was securely locked. 

The vapour samples were transferred to ALS for chemical analysis. A duplicate sample was collected from VW-02 
during the vapour sampling event for QA/QC purposes. 

3.3.1 Vapour Well Analytical Program 
The analytical program for the vapour monitoring probes is summarized below: 

 VOCs. 

 Matrix gases including oxygen, carbon dioxide, methane, and nitrogen. 

 BTEX and PHCs. 

 Naphthalene. 

3.4 Site Walkover and Surface Emissions Survey 
A site walkover was conducted on September 5, 2024, to review the integrity of the surface material to evaluate for 
potential erosion, settlement, cracking, and/or exposed wastes. This work was initiated after RDP staff had raised 
concerns about settlement around the Site. 

Measurements of surface emissions were made on September 6, 2024, within the historical waste disposal area to 
evaluate the nature and extent of emissions. The Site was walked over from north to south in lines approximately 
20 m from each other and methane surface emissions were recorded along these lines near surface using a RKI 
Eagle, calibrated for methane. At select locations where cracks or holes in the surface cover were noted, additional 
measurements were taken.  
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4.0 RESULTS AND DISCUSSION 

This section presents the results of the fieldwork conducted in 2024 at the Site and discussions of these results.   

4.1 Groundwater Well Headspace Monitoring 
Tetra Tech monitored eight groundwater monitoring wells (MW-02, MW-03, MW-04, MW-05, MW-06, MW-07, 
21MW-08, and 21MW-09) in September 2024 for measurements of methane in well headspace using a GEM LFG 
analyzer. The GEM LFG analyzer detection limit ranges from 5 parts per million (ppm) to >100% of the lower 
explosive limit (LEL). For methane, the LEL is 5% by volume in air, or 50,000 ppm. Thus, 500 ppm is equivalent to 
1% LEL; 20% LEL is equivalent to 1% gas. 

Groundwater monitoring wells MW-02, MW-03, MW-05, and MW-06 were blinded (water level was above the 
screen) and the headspace vapour measurements may not be representative for in situ soil vapours. Hydraulically 
up-gradient monitoring well MW-07 and down-gradient monitoring wells MW-04, 21MW-08, and 21MW-09 were not 
blinded during the 2024 monitoring event. These findings were consistent with previous monitoring events 
conducted at the Site. 

During the monitoring event, methane headspace concentrations at the groundwater wells ranged from below the 
instrument detection limit (i.e., non-detect) at MW-02, MW-04, MW-05, MW-06, and MW-07 to 93% LEL at 21MW-09 
(screened within waste). Concentrations at most wells were within, or less than, historical readings, except for at 
21MW-09, where the reading had increased from 37% LEL in June 2023. Monitoring at the soil vapour wells is 
described in Section 4.7. 

The 2024 methane headspace concentrations at the groundwater monitoring wells are presented in Table 2. 

4.2 Site Walkover and Surface Emissions Survey 
On September 6, 2024, Tetra Tech conducted a surface emissions survey using an RKI Eagle calibrated for 
methane. During the surface emissions survey, methane concentrations measured ranged from below the 
instrument’s detection limit at most locations to a maximum of 5,400 ppm, or approximately 10% LEL, in a crack 
located east of MW-04 near Taylor Drive. 

It was noted that methane concentrations, even where they reached the above-noted maximum, decreased to 
below the detection limit when measurements were made at more than two centimetres (cm) above the ground 
surface at the crack located near Taylor Drive. The approximate area of the highest methane concentrations 
measured on site in September 2024 is outlined on Figure 2.  

It is anticipated that some of the compounds for which risks from vapour intrusion to indoor air are calculated are 
also present where these surface emissions were measured.  

No observations were made during the walkover that related to any obvious changes to the surface or issues like 
large cracks, exposed waste, or ground settlement.  

4.3 Groundwater Elevations 
The measured groundwater levels and calculated groundwater elevations for 2024 are presented in Table 2.  
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During the groundwater monitoring event, NAPL was not detected at any locations. Figure 3 presents the 
groundwater elevation trends (hydrographs) for the groundwater monitoring wells for the years 2013 to 2024. 
Groundwater elevations at most wells have been largely stable since 2019 except for MW-07, which fluctuated, 
peaking in 2023 before returning in 2024 to an elevation similar to those recorded prior to 2021. Monitoring well 
MW-07 is located near the northwest corner of the Site, in an inferred up-gradient location. 

The average depth to groundwater in September 2024 was 3.87 metres below grade (mbg). The groundwater 
elevations and interpreted contours for September 2024 are shown on Figure 4. The inferred groundwater flow 
direction is to the east-northeast towards Waskasoo Creek; this is consistent with historical results. 

The average horizontal gradient in September 2024 was approximately 0.04 m/m and similar to previous results. 

4.4 Groundwater Field Parameters 
Groundwater field measurements for temperature, pH, and EC are shown in Table 3A and are summarized as 
follows: 

 Groundwater temperatures ranged from 10.5°C (MW-05) to 13.9°C (21MW-08).  

 The field pH values ranged from 6.33 (21MW-08) to 7.15 (MW-05). Field pH measurements were lower than 
the laboratory pH at all monitoring wells. The difference between field recorded and laboratory pH values may 
be due to limitations of the field equipment, differences in sample temperature, and possible off-gassing of 
carbon dioxide.  

 EC measurements ranged from 1,320 µS/cm (MW-05) to 4,160 µS/cm (21MW-09). Field EC results were higher 
than the laboratory-measured EC results at all monitoring wells, particularly 21MW-08, likely due to limitations 
of field equipment and differences in sample temperature. 

4.5 Groundwater Analytical Results 
The groundwater analytical data for 2024, and previous results available for review, is summarized in Table 3A to 
Table 3C. The 2024 laboratory analytical reports are included in Appendix E and the Tiamat historical tables are 
included in Appendix F. 

4.5.1 Background Groundwater Characteristics 
Monitoring well MW-07 is northwest of the historical waste disposal area and has been identified as hydraulically 
up-gradient. MW-07 was sampled in 2013, 2019, and 2021. For all three years, concentrations of TDS exceeded 
the Tier 1 Guideline, chloride concentrations were below 20 mg/L, and there were no measurable concentrations 
of BTEX, PHCs, or VOCs. Concentrations of dissolved iron, manganese, and uranium intermittently exceeded the 
Tier 1 Guidelines and concentrations of dissolved iron, arsenic, and manganese were greater in 2021 than 2019. 
Along with a 2021 ammonia concentration of 0.329 mg-N/L and no measurable nitrate concentrations, these results 
suggest that groundwater at this location is suboxic. 

Monitoring well MW-02 is southwest of the historical waste disposal area and is also considered hydraulically 
up-gradient. The characteristics of groundwater at MW-02 resemble that of MW-07 with lower chloride 
concentrations (less than 10 mg/L) and TDS concentrations below the Tier 1 Guideline. The differences in the 
concentrations of parameters are suggestive of oxidation/reduction conditions. There is little measurable ammonia 
(0.013 mg/L or less), nitrate ranging from 3.46 mg/L to 3.79 mg/L, no measurable iron, and little arsenic 
(0.00035 mg/ to 0.00031 mg/L) and manganese (0.0054 mg/L to 0.0062 mg/L). Nitrate marginally exceeded the 
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referenced Tier 1 Guideline and has been interpreted as natural and unrelated to historical landfill activities. The 
overall results suggest that groundwater at this location is oxic. 

MW-07 and MW-02 were not sampled in 2024.  

4.5.2 Routine Water Chemistry Parameters 
TDS concentrations at MW-05, 21MW-08, and 21MW-09 exceeded the Tier 1 Guideline of 500 mg/L, with 
concentrations ranging from 816 mg/L (MW-05) to 2,900 mg/L (21MW-09). 

Sodium concentrations at MW-05 and 21MW-09 exceeded the Tier 1 Guideline of 200 mg/L with concentrations 
ranging from 178 mg/L (21MW-08) to 378 mg/L (21MW-09).  

The 2024 TDS and sodium concentrations were similar to previous results. 

Chloride is often considered a useful parameter in assessing groundwater quality impacts from landfills, as chloride 
is commonly present at elevated concentrations in leachate and due to the mobile and conservative (non-reactive) 
nature of the ion. Chloride concentrations at 21MW-08 (314 mg/L) and 21MW-09 (478 mg/L) exceeded the Tier 1 
Guideline of 120 mg/L. The chloride concentrations at 21MW-08 and 21MW-09 were similar to the 2021 and 2023 
concentrations. The chloride concentration at MW-05, however, was an order of magnitude lower at 5.09 mg/L, 
similar to concentrations measured at MW-05 in 2013, 2019, 2021, and 2023. 

The sulphate concentration at 21MW-09 (642 mg/L) exceeded the Tier 1 Guideline of 429 mg/L. The sulphate 
concentrations at MW-05 and 21MW-08 were 173 mg/L and <1.50 mg/L. 

Nitrate, nitrite, and Total Kjeldahl Nitrogen (TKN) concentrations at MW-05, 21MW-08, and 21MW-09 were less 
than the analytical detection limit. 

While ammonia was not analyzed in the 2024 samples from the three selected wells, the 2023 concentrations 
ranged from 4.68 mg-N/L (MW-05) to 46.5 mg-N/L (21MW-06). All three wells have had measurable concentrations 
of ammonia in previous sampling events, often considerably exceeding the Tier 1 Guideline, such as MW-05 at 
77 mg-N/L in 2013. 

4.5.3 Dissolved Metals 
Dissolved arsenic concentrations exceeded the Tier 1 Guideline of 0.005 mg/L at MW-05 and 21MW-08. Arsenic is 
known to be strongly adsorbed onto iron(hydr)oxides, and when these minerals dissolve, arsenic will go into solution 
(Hem 1992). The dissolved arsenic exceedances are likely related to the presence of dissolved iron and anoxic 
conditions due to leachate impacts.  

Dissolved iron and manganese concentrations exceeded their respective Tier 1 Guidelines of 0.3 mg/L and 
0.02 mg/L at MW-05, 21MW-08, and 21MW-09. Iron and manganese are redox-sensitive parameters that naturally 
occur in groundwater across Alberta under anoxic conditions and can help determine whether the groundwater 
quality is affected by biodegradation reactions, for instance related to landfill leachate.  

The dissolved uranium concentration at 21MW-09 (0.0166 mg/L) marginally exceeded the Tier 1 Guideline of 
0.015 mg/L. Uranium is commonly found across Alberta and may be naturally occurring. 

The aforementioned presence of ammonia, combined with the non-detect nitrate and persistent exceedances for 
arsenic, iron, and manganese, indicate a suboxic to anoxic (reducing) environment at these monitoring wells. 
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4.5.4 Organic Parameters 
Benzene and ethylbenzene concentrations exceeded their respective Tier 1 Guidelines of 0.005 mg/L and 
0.0016 mg/L at 21MW-08, with concentrations of 0.0389 mg/L and 0.00423 mg/L. Monitoring well 21MW-09 had a 
detection of benzene at 0.00176 mg/L, a concentration that is below the Tier 1 Guideline.  

Detectable concentrations of toluene (0.00261 mg/L), total xylenes (0.0106 mg/L), and the PHC fraction F2 
(0.24 mg/L) in 21MW-08 were below their respective Tier 1 Guidelines of 0.021 mg/L, 0.02 mg/L, and 1.1 mg/L. 
This is consistent with previous results.  

The concentration of 1,2-dichlorobenzene at 21MW-08 (0.0009 mg/L) exceeded the Tier 1 Guideline of 0.0007 mg/L 
and was similar to the 2021 and 2023 concentrations. Concentrations of 1,2-dichlorobenzene were not detected in 
MW-05 and 21MW-09. 

Vinyl chloride concentrations at monitoring wells 21MW-08 (0.003 mg/L) and 21MW-09 (0.0483 mg/L) exceeded 
the Tier 1 Guideline of 0.0011 mg/L. This is consistent with previous results; the 2024 results were lower than in 
2023. 

Detectable concentrations of one or more other (chlorinated) VOCs with concentrations less than the 
Tier 1 Guidelines, or for which Tier 1 Guidelines have not been established, were also detected. At 21MW-08, 
detected VOCs included chloroethane, 1,2,4-trimethylbenzene, and 1,3,5-trimethylbenzene, and at 21MW-09 
included dichlorodifluoromethane and methylene chloride.  

Both monitoring wells that had exceedances for vinyl chloride also had detectable concentrations of other 
(chlorinated) VOCs for which Tier 1 Guidelines have not been established: cis and trans isomers of 
1,2-dichloroethene (1,2-DCE). Vinyl chloride and 1,2-DCE are breakdown products of the solvents 
perchloroethylene (PCE) and trichloroethylene (TCE), commonly used in dry-cleaning and often present in 
municipal solid waste (MSW) leachate. There were no detectable VOC concentrations at the down-gradient 
monitoring well MW-05.  

Overall, VOC concentrations in 2024 were consistent with the concentrations measured in 2021 and 2023. 

4.6 Surface Water Field Parameters and Analytical Results 
The 2024 surface water field parameter data for pH, EC, and temperature are presented in Table 5A. The 2024 
surface water analytical data is summarized in Table 5A to Table 5C. The 2024 laboratory analytical reports are 
included in Appendix E. 

Surface water field parameters were as follows: 

 Temperatures were 18.7°C (SW-02) and 20.5°C (SW-01).  

 The pH values were 7.84 (SW-02) and 8.14 (SW-01). Field pH measurements were lower than the laboratory 
pH at both monitoring locations.  

 EC measurements were 1,038 µS/cm (SW-01) and 1,318 µS/cm (SW-02). Field EC results were higher than 
the laboratory measured EC results at both monitoring locations. 

The chloride concentration at the upstream (SW-02) surface water location was 141 mg/L, which exceeds the Tier 1 
Guideline of 120 mg/L. The downstream (SW-01) chloride concentration was below the Tier 1 Guideline. It is not 
uncommon to have elevated chloride concentrations in an urban setting due to the use of road salt and other 
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anthropogenic sources. Because the upstream location had a higher concentration than downstream, the reported 
chloride at SW-01 is not interpreted to be related to leachate impacts. 

Nitrate concentrations were less than the Tier 1 Guideline at SW-01 and SW-02 and were non-detect for nitrite. 

Alkalinity has exceeded the Guideline of 20 mg/L for both upstream and downstream samples for each sampling 
event (2021, 2022, and 2024).  

Total aluminum, iron, and zinc concentrations exceeded their respective Tier 1 Guidelines of 0.05 mg/L, 0.3 mg/L, 
and 0.03 mg/L at the upstream (SW-02) surface water location. For aluminum and iron, this is consistent with 
previous results. Aluminum and iron are naturally present in clay, and the measured concentrations may be related 
to suspended solids present in the total metals samples. In addition, aluminum, iron, and zinc were higher at the 
upstream location; suggesting no metals concentrations were originating from the Site.  

BTEX, PHC fractions F1 and F2, and VOCs were less than the analytical detection limits at both surface water 
locations. This is consistent with previous results. 

Surface water analytical results for samples collected in 2024 from upstream and downstream locations along 
Waskasoo Creek do not suggest water quality impacts from the buried waste onsite. The water quality upstream 
and downstream of the Site is similar, with upstream results having higher chloride and total metals concentrations. 

4.7 Soil Vapour Monitoring Results 
The 2024 and historical soil vapour monitoring results are presented in Table 6.  

During the December 2024 monitoring event, all vapour wells were able to be monitored.  

Methane concentrations were measured using a GEM LFG analyzer at the vapour wells, with results below the 
instrument detection limit (non-detect) at VW-01, VW-02, VW-04, and 22VW-06. The methane concentration at 
VW-03 was 4.5% and at VW-05 was 53.3%. A similar percentage of methane at VW-05 was previously recorded in 
May and November of 2021 and is likely elevated due to VW-05 having been installed within the waste. Methane 
concentrations in 2024 were consistent with previous results. 

Wellhead pressures at most vapour wells were negligible during the monitoring event in 2024. 

Concentrations of carbon dioxide, oxygen, and balance gas at all vapour monitoring wells were consistent with 
previous monitoring results. 

4.8 Soil Vapour Analytical Results  
Table 7 presents a summary of the soil vapour analytical results collected from VW-02, VW-03, and 22VW-06 in 
December 2024 compared against the soil vapour screening criteria protective of vapour intrusion into indoor air, 
based on a residential land use with coarse-grained soil. The 2024 laboratory analytical reports are included in 
Appendix E.  

BTEX and PHC fractions F1 and F2 were detected at VW-02, VW-03, and 22VW-06 at concentrations below the 
soil vapour criteria.   

At VW-03, adjacent to the northern boundary of the waste area, cis-1,2-DCE and vinyl chloride were detected at 
concentrations above the soil vapour screening criteria. The concentration of cis-1,2-DCE has increased in 
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December 2024 compared to both the 2021 and 2023 results. Vinyl chloride had decreased in concentration 
compared to 2021 and 2023.  

Several other VOC parameters were detected in the samples collected from VW-02, VW-03, and 22VW-06, but at 
concentrations significantly below the soil vapour screening criteria.  

Methane concentrations in the gas samples were similar to the field measured values: non-detect at VW-02; 3.42% 
at VW-03 compared to the field measured value of 4.5%, and 0.069% at 22VW-06 where the field measured value 
was below the detection limit. 

It should be noted that preferential selection of the higher concentration of the primary and duplicate results from 
VW-02 for comparison to the adopted criteria was done for a more conservative assessment of results. 

4.9 Quality Assurance/Quality Control  

4.9.1 Methods 
Tetra Tech’s 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 collection of sets of samples; 

 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 and soil vapour sample during the sampling program;  

 Conducting leak testing at vapour wells prior to the collection of vapour samples; and 

 Documenting field procedures and sampling activities. 

4.9.2 Results 
The groundwater and soil vapour QA/QC results are included in Table 4 and Table 8. The duplicate samples were 
submitted for analysis of the same parameters as the primary samples.  

The duplicate results are compared via relative percent difference (RPD). The RPD is calculated using the following 
equation: 

RPD = � (𝑉𝑉1−𝑉𝑉2)
(𝑉𝑉1+ 𝑉𝑉2)

2

� ∗ 100%  

Where: 

V1 = Parent Sample 

V2 = Duplicate Sample 
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Chemical parameters were considered as having passed the QA/QC reproducibility procedure if the RPD was less 
than or equal to 20% for groundwater and 50% for soil vapour, 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 at MW-05 in September 2024, RPDs were less than 20% for the reported 
concentrations.  

For the vapour well duplicate sample at VW-02 in December 2024, RPDs were less than 50% for most of the 
reportable concentrations, except for the following: the VOCs cyclohexane (60%), heptane (81%), and hexane 
(74%); the aliphatic sub-fraction (C6-C8; [70%]); the hydrocarbons benzene (108%), toluene (103%), and 
ethylbenzene (67%), and PHC F1 less BTEX (51%). The differences are the result of minor differences between 
very low concentrations. As relatively few RPDs exceed, and none of the concentrations exceed the Criteria 
(Table 7), the results are considered acceptable.  

Based on the QA/QC results, the sample methods and results are considered reliable overall. 

5.0 HAZARD QUOTIENT RESULTS 

Using the soil vapour screening levels and calculations described in the 2023 Groundwater and Soil Vapour 
Monitoring Report (Tetra Tech 2024a), the soil vapour sampling results, estimated cancer risks (for carcinogens), 
and estimated hazard quotients (for non-carcinogens) were calculated for the Site. 

Table 9 summarizes the properties of the compounds being assessed. Table 10 summarizes the soil properties 
used for calculations. Table 11 summarizes the building properties used for the calculations and Table 12 presents 
the generic soil vapour criteria calculated. Table 13 presents the estimated risk and hazard for the volatile 
compounds that were detected in soil vapour.  

The cumulative risk indices for carcinogens in samples from VW-02, VW-03, and 22VW-06 were 3.5 x 10-6,  
1.1 x 10-6, 5.2 x 10-4, and 2.8 x 10-6, respectively. It should be noted that in the case of VW-02, there was a parent 
and duplicate sample, and the greater of the measured concentrations for a given parameter was selected for the 
calculations. The VW-03 cumulative risk level is higher than the target risk level of 1.0 x 10-5 as a result of the vinyl 
chloride concentration of 5,110 µg/m3, which is similar to previous results. At 22VW-06, the greatest risk level was 
for chloroform, which was still below the target risk level.  

The cumulative hazard quotient indices for sample VW-03 for non-carcinogens was 13.5, considerably exceeding 
the target hazard quotient of 1.0. The cumulative hazard quotients for sample VW-02, and 22VW-06 for non-
carcinogens were 0.009, 0.006, and 0.006, respectively, all below the target hazard quotient of 1.0. The elevated 
hazard level at VW-03 was primarily the result of the concentration of cis-1,2-DCE, which had an individual hazard 
quotient of 13.3. These results are similar to previous results. 

As shown in Table 13, the estimated individual and cumulative risk and hazard indices associated with soil vapour 
samples VW-02 of VW-02, and 22VW-06 did not exceed the corresponding target risk and hazard levels. The 
estimated individual and cumulative risks and hazards associated with soil vapour sample VW-03 indicate a 
potential risk from vapour intrusion to indoor air. Soil vapour well VW-03 is located in the northeast corner of the 
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Site and is bounded by roads on the north and east. It is approximately 230 m from the nearest residential building 
and approximately 170 m from the nearest commercial building; however, utility corridors are present along the 
road rights-of-way (ROWs), which could act as preferential pathways for soil vapour. It is expected that the distance 
to buildings will decrease the soil vapour concentrations at the point of potential exposure from VW-03. The vapour 
concentrations in these wells should continue to be assessed for potential trends and to evaluate hazards.  

6.0 EVALUATION OF SITE CONDITIONS 

6.1 Summary of Site Conditions 
Based on the 2024 monitoring program and historical data for the Site, there are concerns related to the presence 
of the historical RDC landfill. With respect to the groundwater quality, monitoring wells that are considered to be 
hydraulically down-gradient exhibit elevated concentrations of parameters that are typical of MSW leachate, 
including chloride and VOCs. The inferred groundwater flow direction is towards Waskasoo Creek. However, the 
surface water results from upstream and downstream Waskasoo Creek do not suggest impacts from the buried 
waste to the water quality in the creek.  

Soil vapour monitoring and sampling has revealed the presence of elevated methane and several VOCs including 
vinyl chloride and cis-1,2-DCE. These elevated concentrations are most notable at the location of the installed 
vapour well to the north of the Site (VW-03). These results are consistent with previous results. 

The vapour sampling results have shown elevated methane and VOCs in the area of the landfill footprint. There is 
a potential for lateral migration of vapours at the Site and emissions at the surface. Field-measured methane 
concentrations at the southerly wells near the adjacent RDP residences (VW-01 and VW-02) were less than the 
instrument detection limit, i.e., 0.0%, in December 2024. In addition, Waskasoo Creek to the east and south of the 
Site is likely to act as a physical barrier to lateral subsurface gas migration in these directions, based on groundwater 
elevations and the elevation of the creek bottom. Risk of subsurface vapour migration to the south and east of the 
Site are considered low.  

The methane concentration at the more recently installed vapour well to the north (22VW-06) was also less than 
the instrument detection limit, i.e., 0.0% in December 2024. Chloroform was detected in 22VW-06, while at 
concentrations below target risk levels and generic criteria. Chloroform is not a common contaminant in LFG or 
leachate and the concentration should be confirmed during the next soil vapour monitoring event. 

A site walkover was conducted to assess the thin soil cover identified in the earlier work by Tiamat and to evaluate 
for potential erosion, cracking, and/or exposed wastes. No obvious changes to the surface, or issues such as large 
cracks, exposed waste, or ground settlement, were observed during the walkover.  

Based upon the results of the groundwater and vapour monitoring program in 2024 and previous years, groundwater 
and soil vapour are being affected by the buried waste on-site to an extent that is not considered to pose an 
unacceptable risk to human health or the environment. Waskasoo Creek is believed to be a receptor of any 
leachate-impacted groundwater and should continue to be monitored. Vapour monitoring should also continue, to 
assess risks, particularly to construction/shallow trench workers in the vicinity of the buried wastes, and also to the 
RDP residences who have the potential to be exposed to vapour intrusion via indoor air. 
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6.2 Summary of Hazard Quotient Results 
A summary of the hazard quotients from the 2014 Risk Management Plan for the Site that was completed by Tiamat 
(Tiamat 2014b) is attached in Appendix F. 

For consistency with XCG Consulting Limited’s (XCG’s) approach (XCG 2018), we compared the individual hazard 
quotients listed in Table 12 with the individual target hazard level of 0.2 used by XCG. Based on the 2024 program, 
the greatest individual hazard quotient calculated for the Site was 13.3 for cis-1,2-Dichloroethene at VW-03. The 
greatest cumulative hazard quotient was 13.5 at VW-03, exceeding the target hazard level of 1.0, and the greatest 
estimated cancer risk was 5.2 x 10-4, exceeding the target risk of 1.0 x 10-5.  

Development at the Site is not currently proposed. However, for illustrative purposes, what might be required for 
development within the setback area is considered. Based on the hazard quotients and cancer risk levels calculated 
from the 2024 vapour data, passive Level C measures (passive sub-slab depressurization system with a minimum 
depressurization of 4 Pa to 10 Pa) would be required The 2019 vapour data included samples collected at VW-05, 
located centrally within the historical waste pile, and indicated that active level E measures (installation of a 
geomembrane and active soil vapour extraction with system fault notification alarm) would be necessary. The 2024 
hazard quotients and risks have been based on samples collected from the perimeter vapour wells VW-02 (adjacent 
the RDP residences), VW-03, and 22VW-06 (immediately northeast and north of the landfill footprint). This approach 
does not consider methane concentrations, or analytical results for vapour wells located within the historical waste 
pile.  

The site contains buried waste which will remain in perpetuity. The results of assessment to date have identified 
the presence of LFG at the site including methane and VOCs which present potential explosive and human health 
risks. Any proposed development or re-development proximate to this historical landfill must include an evaluation 
of risk to future site users/occupants relative to LFG. Future applications for development of sensitive land use 
within the setback are subject to review by The City. The developer’s team would be responsible for reviewing and 
verifying the available data relative to their proposed development. The mitigative measures presented above are 
generic and can be used as a general guide for expectations by The City; however, a development-specific 
evaluation must be undertaken by the developer. That evaluation must consider both human health and explosive 
risk; a qualified professional will be required to evaluate these risks relative to development proposed, to provide 
recommendations for development (e.g., use of building protective measures such as liners), and to be retained to 
oversee and verify that mitigative measures are appropriately implemented. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

Based upon the results of the groundwater, surface water, and soil vapour monitoring and sampling programs 
conducted in 2024 and previous years, Tetra Tech has developed the following conclusions: 

 The groundwater flow direction inferred from contoured groundwater elevations was to the east-northeast, 
towards Waskasoo Creek, east of Taylor Drive; this is consistent with previous findings. The average horizontal 
hydraulic gradient at the Site was approximately 0.04 m/m, which is similar to previous findings.  

 Groundwater quality parameters exceeded the Tier 1 Guidelines for one or more of the groundwater samples, 
all of which had been collected from wells installed within the eastern portion of the waste footprint. 
Exceedances included: TDS, sodium, sulphate, chloride, benzene, ethylbenzene, 1,2-dichlorobenzene, vinyl 
chloride, and the dissolved metals arsenic, iron, manganese, and uranium. Nitrite was non-detect; however, 
the detection limit was higher than the Guideline. The measured concentrations of one or more of these 
parameters, in addition to the presence of various VOCs with no established guideline values, suggest that 
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leachate has impacted the groundwater quality at these monitoring wells. The reported concentrations of these 
analytes were consistent with previous results. 

 A miscommunication led to ammonia not being analyzed as part of the 2024 analytical suite of water quality 
parameters. However, given the minimal overall changes in water chemistry observed in the other parameters 
during the 2024 monitoring event, it is likely that the ammonia concentrations also remained relatively 
unchanged from the concentration range of 4.68 mg-N/L (MW-05) to 46.5 mg-N/L (21MW-06) observed in 2023. 

 Surface water analytical results in 2024 along Waskasoo Creek suggest that the surface water quality has not 
been impacted by groundwater from the Site as most concentrations were higher upstream than downstream.  

 LFG is present within the waste footprint of the Site, similar to results from previous years: 

− Soil vapour samples were analyzed for BTEX, PHCs, and VOCs and concentrations less than the soil 
vapour screening criteria were measured in samples VW-02 and 22VW-06, situated south and north, 
respectively, of the landfill footprint. 

− The VOCs cis-1,2-DCE and vinyl chloride exceeded the soil vapour screening criteria at VW-03, situated 
at the northern boundary of the Site and immediately adjacent to the waste footprint. Methane was also 
identified during monitoring at this location at a concentration of 4.5% during the December 2024 event. 
For methane, the LEL is 5% by volume in air, or 50,000 ppm. 

− The field-measured methane concentration at VW-05 was 53.3%; this is above the LEL for methane. 
Vapour well VW-05 is positioned in the centre of the historical waste disposal area, approximately 180 m 
north of the nearest buildings (RDP Residences).  

− Elevated methane concentrations were also measured in the headspace of monitoring wells 21MW-08 and 
21MW-09, located along the eastern perimeter of the Site. Elevated chloroform was noted at vapour well 
22VW-06, which should be confirmed in the next sampling round. 

− The soil vapour sample collected from VW-03 exceeded the cumulative cancer risk target of 1.0 x 10-5 and 
the cumulative hazard quotient target of 1.0 by one order of magnitude. Similar risks were assessed for 
VW-05 in previous years. Samples from VW-02 and 22VW-06 were within the aforementioned targets, 
similar to VW-01 and VW-05 in previous years.  

 The site walkover survey results for surface methane emissions in September 2024 included elevated 
concentrations, up to a maximum of 5,400 ppm, in a crack located east of MW-04 near Taylor Drive. No methane 
was detected more than 2 cm above the ground surface. No observations were made during the walkover 
related to any obvious changes to the surface, or issues like large cracks, exposed waste, or ground settlement.  

Six of the eight groundwater monitoring wells at the Site are located within the waste footprint, and either screened 
within (MW-04, MW-05, 21MW-08, and 21MW-09) or below (MW-03 and MW-06) the waste. Each of these six wells, 
either presently or in previous years, have been identified as impacted by leachate.  

Waskasoo Creek is considered a receptor of any groundwater passing through the Site. Based on the results from 
2024 and previous years, there is a strong correlation between the observed impacts and the waste footprint and 
results indicate that impacts in groundwater may be migrating east towards Waskasoo Creek. However, the 2024 
surface water results from upstream and downstream Waskasoo Creek do not suggest that leachate from the Site 
is affecting the surface water quality. The surface waters of Waskasoo Creek should continue to be monitored. 

LFG impacts were identified at one of the three vapour wells (VW-03) sampled in 2024 and have been identified at 
VW-05 in previous years. Impacts are evidenced by elevated concentrations of methane, carbon dioxide, and 
VOCs, and low concentrations of oxygen. The highest concentrations were measured at VW-05, located centrally 
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in the waste mass, with elevated concentrations noted at VW-03, located immediately adjacent to the waste mass 
at the northeast corner of the Site and bounded by a road intersection to the north and east. 

Current and previous soil vapour results from the two wells closest to the residences (VW-01 and VW-02) do not 
indicate a vapour intrusion risk to the RDP residences. The measured contaminant concentrations were less than 
the target cumulative risks and hazard levels for residential land use. 

The vapour sample collected in 2021 at VW-05 from within the waste mass exceeded the target risk and hazard 
levels and confirmed that LFG concentrations typical of a municipal landfill were present. With field-monitored 
methane concentrations up to 53.3% in December 2024 at VW-05, evidence of the ongoing presence of LFG has 
been confirmed. The vapours at VW-03, at the northeast end of the Site, are also indicative of LFG. It is an unlikely 
location for a building; however, the potential extents of LFG migration off site in this direction are not known. The 
methane gas concentrations measured to date at VW-03 have been considerably less than within the waste mass 
(e.g., at VW-05); however, they are still considered to be elevated. Buried landfill waste remains in place at the Site 
and both impacts to groundwater and LFG are present. The depth to groundwater measured to date at the 
monitoring wells and the elevation of the creek bottom suggest the creek east and south of the Site acts as a 
physical barrier to the eastward and southward migration of LFG. The 2024 LFG monitoring results have shown 
that surface emissions are occurring in the vicinity of surface cracks along the eastern side of the Site; however, 
emissions were non-detectable in the air above the surface and thus are not considered to be an immediate threat 
to outdoor users of the area at this time. Should any trench-work be required in this area, this hazard should be 
considered and appropriate steps taken to protect workers and infrastructure. The extent to which LFG is being 
released through the landfill cover should continue to be assessed with repeated, more detailed (finer-grid) 
monitoring proximate to areas of greater emissions, and careful mapping of the locations with respect to cracks, 
holes, evidence of stressed or dead vegetation, exposed soils, and other pertinent observations.  

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

Site Monitoring: 

 Continue groundwater monitoring of all accessible groundwater monitoring wells and sampling of hydraulically 
down-gradient monitoring wells MW-05, 21MW-08, and 21MW-09 for routine groundwater chemistry 
parameters, including ammonia, and dissolved metals, VOCs, BTEX, and PHCs to monitor trends and assess 
the potential risk to receptors. As the inferred groundwater flow direction and groundwater quality have been 
well defined, a reduced frequency of monitoring and sampling is proposed. 

 Conduct annual surface water sampling of Waskasoo Creek, both upstream and downstream of the Site, to 
assess potential impacts from leachate-impacted groundwater entering the creek from the Site. The surface 
water sample should be analyzed for pH, EC, routine water chemistry parameters, ammonia, total metals, 
BTEX, and PHC fractions F1 and F2, and VOCs. Consideration may be given to an additional sampling point 
north of 32 Street to better assess downstream rather than cross-stream impacts. 

 Continue annual monitoring at all vapour wells (VW-01 to 22VW-06) and sampling of the perimeter vapour 
probes VW-02, VW-03, and 22VW-06 under frozen conditions (November or December 2025). 

 Conduct an annual surface emissions survey in 2025 to continue delineating and characterizing landfill gas 
emissions from the ground surface at the Site. This work should include detailed monitoring proximate to areas 
where emissions have been previously noted, and careful mapping of the locations with respect to cracks, 
holes, evidence of stressed vegetation, and other pertinent observations. The surface emissions survey should 
be conducted in summer or fall when there is no snow covering the ground surface. 
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Additional Assessment and Risk Management: 

 During the annual monitoring event, conduct a site walkover to review the integrity of the surface material, to 
document any vegetation die-off and exposed soils which may lead to potential erosion, cracking, and/or 
exposed waste. This information may be used to evaluate whether vegetation cover improvements or potential 
repairs to the cap are necessary. 

The City should liaise with the landowner to consider cover improvement works in the area near Taylor Drive, to 
mitigate emissions and support vegetation growth where stressed/dead vegetation has previously been observed. 
Continued annual surface emissions surveys would follow to monitor the performance of the cover improvement 
works. 

Table 7-1: Proposed Site Condition, Surface Water, Groundwater, and Vapour Monitoring Program 
Activity 2025 2026 2027 2028 2029 2030 

Annual Site Walkover (Summer), including surface 
emissions survey 

X X X X X X 

Annual (Summer) Groundwater Monitoring and Sampling 
Event of Three Wells (MW-05, 21MW-08, and 22MW-09) 

 X   X  

Annual (Summer) Surface Water Sampling Event of 
Two Locations (SW-01 and SW-02) 

X X X X X X 

Annual (Winter) Vapour Monitoring of Six Wells (VW-01, 
VW-02, VW-03, VW-04, VW-05, and 22VW-06) and 
Sampling of Three Wells (VW-02, VW-03, and 22VW-06) 1 

X X X X X X 

Notes: 
The proposed monitoring program is to be reviewed on an annual basis as new information becomes available. 
1 Vapour monitoring frequency to be revised pending completion of cover improvement works. 
 

Administrative Actions: 

 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 policies. 

 Ensure that the Site is clearly identified within The City’s utility mapping system. Elevated gas concentrations 
may be present in the subsurface proximate to the Taylor Drive and 32 Street rights-of-way. Future activities in 
this vicinity (e.g., utility work, repairs, paving) should consider the potential presence of gas and a site-specific 
safety plan should be developed for work undertaken to limit the potential for exposure to site workers. 

The Site presently has a grass cover, and the status of the cover should be reviewed on an ongoing basis to ensure 
that the cover remains intact, and drainage remains positive to prevent ponding and subsequent infiltration and 
leachate generation from rainfall. Repairs or maintenance should be undertaken as required to maintain the Site.  
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8.0 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.    
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Senior Hydrogeologist 
Solid Waste Management Practice 
Direct Line: 403.723.1605 
Colleen.Wendeborn@tetratech.com 

 Reviewed by: 
Frans Hettinga, B.Sc. 
Principal Specialist 
Solid Waste Management Practice  
Direct Line: 403.723.6860 
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APPENDIX A 
 

TETRA TECH’S LIMITATIONS ON THE USE OF THIS DOCUMENT 
 



LIMITATIONS ON USE OF THIS DOCUMENT 
  

 

 1 
 

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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PROJECT:  Phase II Environmental Site Assessment BOREHOLE No.: MW-07
PROJECT No.: 12-435 DRILL TYPE: SS Auger
LOCATION: Red Deer College Site GROUND ELEVATION: 877.413 m
CLIENT:   The City of Red Deer COMPLETION DATE: 06/28/2013
Sample Type:                  Shelby Tube              Split Spoon          Core            Disturbed                    No Recovery

Backfill Type:                Bentonite                   Silica Sand         Grout         Pea Gravel                    Drill Cuttings              Bentonite : Sand

Notes: Groundwater Monitoring Well is near the northeast corner of the fence for the running track, directly north of VW-04.
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0.0 Sod (~ 3 cm thick).
Clay (fill) - soft, silty, trace sand, moist, light olive.

1.0

2.0

No obvious waste material.
3.0 Clay till (native) - stiff, silty, trace sand, trace coal, trace oxides, wet, light olive.

4.0

Soil Description
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