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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 
and soil vapour monitoring program related to potential buried waste materials within the Riverside Light Industrial 
Park (RSLIP) Site, located within NW 21-038-27 W4M, hereafter referred to as the site.  

The scope of work for 2023 also included the installation of an additional groundwater monitoring well, the 
installation of two soil vapour wells, and the replacement of two soil vapour wells.  

The objectives of the 2023 monitoring program were to enhance the conceptual site model (CSM), to assess the 
potential impacts on the environment and the potential risks to receptors from the site’s former land use, and to 
provide recommendations related to risk management activities at the site.  

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

 Based on the monitoring well groundwater elevations, the interpreted groundwater flow direction is to the 
northeast on the northern portion of the site under an estimated horizontal gradient of 0.006 m/m with an 
easterly flow on the southern portion of the site under an estimate horizontal gradient of 0.002 m/m. These 
results are in alignment with the proximity of the Red Deer River to the site and based on the topography of the 
area. 

 Groundwater quality parameters 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), 
sodium, chloride, ammonia, and dissolved metals parameters including arsenic, iron, and manganese. The 
measured concentrations of routine water chemistry parameters were generally consistent with previous results 
and the ammonia concentrations measured at monitoring well MW-03 are likely indicative of anoxic conditions 
related to decomposition of buried organic materials. At MW-03 (Lot 4), last sampled in 2021, which is also 
interpreted to be hydraulically down-gradient, there are also inferred anoxic conditions, but to a lesser extent. 
At the new down-gradient well 22MW-04, ammonia concentrations were low suggesting that the overall 
environmental risk related to the discharge of groundwater to the Red Deer River is low. 

 Concentrations of benzene, toluene, ethylbenzene, and xylenes (BTEX) compounds, petroleum hydrocarbons 
(PHCs), and volatile organic compounds (VOCs) in the soil vapour samples collected at 22VW-01 were less 
than the soil vapour screening criteria. The estimated individual and cumulative risks and hazards associated 
with the soil vapour sample collected in April 2023 did not exceed the corresponding target risk and hazard 
levels. 

 The estimated individual and cumulative risks and hazards associated with the soil vapour sample collected in 
July 2021 at VW-02 did not exceed the corresponding target risk and hazard levels, except for the individual 
hazard for dichlorodifluoromethane. The concentration of this VOC (a freon compound) increased significantly 
from 2019 to 2021, and because a vapour sample at VW-02 has not been collected since 2021, the 
concentration should be confirmed in future events. 

 Elevated methane gas concentrations were measured at 22VW-01 and VW-02, which is consistent with 
historical results. The methane gas concentrations at 22VW-01 in 2023 were similar to the previous 
measurements at adjacent well VW-01 in 2013 and 2019. The methane concentrations at VW-02 in 2023 were 
also similar to previous measurements at this location since 2013. The measured concentrations at both of 
these locations were greater than values referenced in the Standards for Landfills in Alberta (Standards) for 
on-site buildings or enclosed structures or in the area immediately outside the foundation of a building or 
structure (not directly applicable to the site but used for relative indicator of impact).   
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Based upon the results of the vapour and groundwater monitoring and sampling program in 2023 including the 
installation of an additional down-gradient groundwater monitoring well, the replacement of two soil vapour wells, 
and the installation of two new soil vapour wells, there are indications of residual impacts related to buried organics 
at several monitoring wells and soil vapour well locations. However, the lateral extent of methane gas generation 
to the west and south of the site is currently unknown. There is no evidence that municipal solid waste (MSW) is 
present based on the measured VOC concentrations at the soil vapour well locations. 

While the 2023 results are not new findings, upon review of historical information, it is likely that the interpreted 
location and extent of the historical waste disposal area, as presented in the previous environmental site  
assessment (ESA) reports prepared by Tiamat Environmental Consultants Ltd. (Tiamat), is inaccurate and that the 
former gravel pit location was to the east and adjacent to the west side of the rail line. As previously initiated, and 
upon an additional review of the previous ESAs, the information collected to date during assessments suggest that 
fill placed at the site in the past may not be typical MSW; however, the measured groundwater quality impacts and 
vapour concentrations warrant further assessment and ongoing site monitoring. The following recommendations 
are made:  

Further Assessment and Ongoing Monitoring:  

 Install three additional soil vapour monitoring wells; to the north of 22VW-03 near the intersection of 62 Street 
and 46 Avenue, to the south of VW-02 along 61 Street, and to the west along 62 Street. 

 To confirm the 2023 findings, conduct one more annual groundwater monitoring and sampling event in 2024. 
Monitoring should include groundwater levels and headspace vapours at all existing wells to confirm the 2023 
inferred groundwater flow pattern and well headspace vapours. Sampling should include MW-03 and 22MW-04.  

 Continue monitoring vapour concentrations and pressures at all vapour monitoring wells, including the three 
proposed new wells; however, reduce the monitoring frequency from quarterly to semi-annually.. Collect soil 
vapour samples for analytical testing from the three proposed soil vapour monitoring wells and from VW-02 to 
confirm the freon concentration measured in 2021. If elevated methane concentrations are measured at the 
proposed new vapour monitoring wells during any of the events, an analytical sample from the soil vapour well 
should be collected to confirm the concentrations. 

 Once preliminary data from above is available, compile the above information into an updated risk management 
plan (RMP) for the site to focus future risk management efforts. With the recent and proposed additional drilling 
and monitoring there will be better information with which to update the CSM and inform RMP development. 
AEPA has also requested that the existing RMP is updated to align with regulatory updates since the original 
RMP was completed. 

 Use of the ASTM (2023) Guide for evaluating methane hazard should be considered to support the risk 
management approach for the site. 

Administrative Actions: 

 Further to the above recommendations, as noted, the site remains a historical waste disposal site that has been 
nearly fully developed with roadways and commercial building overtop of it. The City should review this status 
on an ongoing basis to ensure that  drainage remains positive and repairs or maintenance should be undertaken 
as required to maintain the site. In addition, ensure that the site is clearly identified within The City’s property 
database(s) and flagged for specific review should site development or maintenance activities be contemplated. 
This may include requirements for minimizing site disturbance, utilizing material management plans during utility 
work, and including site-specific health and safety plans for workers. 
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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 
and soil vapour monitoring program related to potential buried waste materials within the Riverside Light Industrial 
Park (RSLIP) Site, located within NW 21-038-27 W4M, hereafter referred to as the site.  

The scope of work for 2023 as presented in Section 1.1 was based on Tetra Tech’s 2021 groundwater and soil 
vapour monitoring and sampling program conducted at the site. Those results were presented and discussed in the 
2021 Groundwater and Soil Vapour Monitoring Report – Riverside Light Industrial Park (Tetra Tech 2022a). The 
scope of work for 2023 also included the installation of an additional groundwater monitoring well, the installation 
of two soil vapour wells, and the replacement of two soil vapour wells. The installation activities were completed in 
December 2022. 

The objectives of the 2023 monitoring program were to enhance the conceptual site model (CSM), to assess the 
potential impacts on the environment and the potential risks to receptors from the site’s former land use, and to 
provide recommendations related to risk management activities at the site. 

The field components of the monitoring program were completed using 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 findings and recommendations (Tetra Tech 2022a), the 2023 monitoring program scope of work 
was outlined in a proposal that was sent to The City of Red Deer on October 21, 2022 (Tetra Tech 2022b). The 
work conducted in 2023 included the following activities with the well installations completed in December 2022: 

 Installing an additional groundwater monitoring well (22MW-04) approximately 200 m northeast of the site and 
approximately 50 m west of the Red Deer River. 

 Installing two new soil vapour wells (22VW-03 and 22VW-05) at the northeast corner of 62 Street and  
46A Avenue and adjacent to MW-03, respectively. 

 Installing two replacement soil vapour wells; 22VW-01 (replacement for VW-01) and 22VW-04 [replacement for 
VP-01 (Lot 4)]. 

 Conducting an annual groundwater monitoring event at five wells in May 2023 [MW-01, MW-03, 22MW-04, 
MW-01 (Lot 4), and MW-03 (Lot 4)], including vapour well headspace monitoring, groundwater level monitoring, 
and observing monitoring well integrity. 

 Conducting annual groundwater sampling at two wells in May 2023 (MW-03 and 22MW-04): 

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

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

− Collecting groundwater samples from each well and submitting the samples for laboratory chemical 
analyses. 
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 Conducting soil vapour well monitoring at five vapour well locations (22VW-01, VW-02, 22VW-03, 22VW-04, 
and 22VW-05) in January 2023, May 2023, and November 2023. Soil vapour well 22VW-01 was also monitored 
in April 2023.  

 Conducting one soil vapour sampling event at 22VW-01 in April 2023 by collecting a vapour sample into a 
Summa canister for analysis. Collecting additional soil vapour samples if elevated methane concentrations were 
measured during monitoring. 

 Conducting monitoring well repairs, as required. 

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

2.0 BACKGROUND INFORMATION 

2.1 General Information 
The site is located within NW 21-038-27 W4M. The site is zoned I1 – Industrial District and is in a business area 
used for commercial and light industrial business activities. The site is located on the west side of the Red Deer 
River, south of Alberta Highway 11 and east of Gaetz Avenue. Figure 1 shows the general site location plan. Based 
on assessments conducted in 2013 and 2014 [Tiamat Environmental Consultants Ltd. (Tiamat) 2013 and 2014a] 
an area of historical waste disposal is located southeast of 62 Street and northwest of 61 Street, and southwest of 
46A Avenue. Monitoring wells and vapour wells located across several city blocks were installed during previous 
assessments and are located within the industrial area (MW-01 to MW-03 and VW-01 and VW-02) and near the 
adjacent Lions Campground and Red Deer Native Friendship Society Building Asooahum Crossing [MW-01 to  
MW-03 (Lot 4)] along Riverside Drive. The industrial area is surrounded by environmental preservation land use to 
the north and west, and parkland is located to the south and east. The Red Deer River is approximately 200 m from 
the southern portion of the site and flows in a northeasterly direction. In December 2022, Tetra Tech installed an 
additional monitoring well (22MW-04) north of 46A Avenue and east of a rail line right-of-way (ROW), installed two 
new soil vapour wells  (22VW-03 and 22VW-05) at the northeast corner of 62 Street and 46A Avenue and adjacent 
to MW-03, respectively, and replaced two soil vapour wells; 22VW-01 (replacement for VW-01) and 22VW-04 
[replacement for VP-01 (Lot 4)]. 

A Phase I environmental site assessment (ESA) conducted in 2013 (Timat 2013) stated that historical land use 
suggests some historical waste disposal occurred during the development period of RSLIP, and that the waste 
appeared to be largely construction waste materials. Municipal waste was not expected but the Phase I ESA 
mentioned that it may be present in lesser quantities. During a subsequent Phase II ESA (Tiamat 2014a), the area 
where wastes were suspected was further assessed and its footprint was estimated to be approximately 5,500 m2. 
The outline of the waste disposal area in Tiamat’s Phase II ESA was roughly in between vapour probes VW-01 and 
VW-02 and is shown on Figure 2. 

Additionally, an aerial photograph from 1962 that was included in the Phase I ESA shows a gravel pit that is larger 
than the above-captioned area, and further to the east, towards the CN Rail ROW. On a second aerial photograph 
from 1966 in the Phase I ESA, the gravel pit appears to be filled in. Tetra Tech obtained a slightly older aerial 
photograph from 1959 which also shows the pit. Figure A shows the approximate extent of the gravel pit below. 
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Figure A: Screen shot from the 1959 aerial photograph showing gravel mining operations 

The aerial photographs in the Phase I ESA and Figure A suggest the gravel pit area was northeast of, and potentially 
larger than, the waste outline previously indicated. The approximate extent of the gravel pit is also presented on 
Figure 2.  

Discussions with The City in 2021 and 2022 confirmed that the gravel mining operations existed and anecdotally 
the pit was filled in and leveled with topsoil, overburden stockpiles, excavation soil from other sites as well as 
concrete, metal, wood, and the surface was reclaimed with imported topsoil and manure. While this information 
cannot be verified, it is Tetra Tech’s experience that backfilling excavations with materials containing organics often 
leads to methane generation in the subsurface. The ultimate extents of the gravel mining operations and nature of 
material used for backfill are not fully characterized. 

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 (Tiamat 2014a).  

2.2 2023 Conceptual Site Model Summary 
The selection of comparative guidelines is based on the 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 
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Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Tier 1 Guidelines; Alberta Environment and Parks1 
[AEP] 2022a). The CSM that was developed for the site in the 2021 groundwater and soil vapour monitoring report 
(Tetra Tech 2022a) 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 ESAs 
and remediation. 

 Identification of applicable exposure pathways and receptors.  

The CSM is summarized in the following table. 

Summary of Exposure Pathways and Receptors for Soil and Groundwater 

Release Mechanism COPC Migration Pathway Potential Receptor 
Leachate infiltration into 
foundation soils or 
seepage through cover. 

Inorganic parameters and 
nutrients, metals, benzene, 
toluene, ethylbenzene, and 
xylenes (BTEX), petroleum 
hydrocarbon (PHC) fractions, 
and volatile organic 
compounds (VOCs). 

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

Migration to groundwater 
users (water wells) or 
nearby surface water  
(Red Deer River). 

Domestic use aquifer (DUA) 
drinking water; freshwater aquatic 
life (FAL) in the Red Deer River. 

Nutrient and energy cycling. Microbial functioning of the soil. 
Landfill gas (LFG) 
emissions. 

VOCs, methane, BTEX and 
PHC fractions. 

Vapour inhalation. Building occupants and users. 

2.2.1 Data Evaluation 
To establish the appropriate guidelines for the site, residential land use criteria was used as there are residences 
in the adjacent lots to the southeast (Lot 4). 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 DUA, direct soil contact, and inhalation pathways. The ecological receptor exposures applicable to the site 
include direct soil contact, FAL, 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. 

As recommended by Alberta Environment and Parks2 (AEP), the soil vapour results obtained during investigation 
were compared to the Canadian Council of Minister of the Environment’s (CCME’s) document A Protocol for the 
Derivation of Soil Vapour Quality Guidelines for Protection of Human Exposures Via Inhalation of Vapours  
(CCME 2014). To determine the appropriate guidelines to compare the vapour sampling results to, indoor air risk 
calculations were undertaken, and methane explosive risks were evaluated.  

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

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

 
1  Currently Alberta Environment and Protected Areas (AEPA). 
2  Currently, Alberta Environment and Protected Areas (AEPA); formerly Alberta Environment (AENV). 
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 Soil vapour analytical results were compared to soil vapour screening criteria developed from A Protocol for the 
Derivation of Soil Vapour Quality Guidelines for Protection of Human Exposures Via Inhalation of Vapours under 
residential land use for both slab-on-grade and basement for coarse-grained soils (CCME 2014). Soil vapour 
screening criteria have been updated using current toxicity reference values (TRVs) from Health Canada and 
the United States Environmental Protection Agency (USEPA).  

There are not currently AEPA standards to evaluate methane for an historical fill site such as this. The Standards 
for Landfills in Alberta (Standards; AENV 2010) provide concentrations to evaluate methane concentrations at a 
landfill and at the landfill perimeter; while not directly applicable to this site, they have been used as a qualifier of 
potential impact to aid in results interpretation. 

2.3 Monitoring Well Network 
The original groundwater monitoring network at the site consisted of six monitoring wells (MW-01 to MW-03 within 
the industrial park, and MW-01 to MW-03 on Lot 4, Block 8, to the east of the industrial park, closer to the  
Red Deer River). Monitoring wells MW-01, MW-01 (Lot 4), MW-02 (Lot 4) and MW-03 (Lot 4) were screened across 
native sand and gravel and into mudstone or shale bedrock. MW-02 was screened in native sand and gravel layer 
and into a clay layer, and MW-03 was screened in the native sand and gravel. Monitoring wells MW-02 and  
MW-02 (Lot 4) have not been located since 2013 and are suspected to be destroyed. An additional hydraulically 
down-gradient groundwater monitoring well (22MW-04) was installed in December 2022, and is screened across in 
the native sand and clay. Monitoring well completion details are summarized in Table 1 and borehole logs are 
presented in Appendix F.  

The original soil vapour well monitoring network consisted of three wells [VW-01, VW-02, and VP-01 (Lot 4)]. During 
the 2021 field season, it was determined that VW-01 and VP-01 (Lot 4) were compromised and these wells were 
replaced in December 2022 as 22VW-01 and 22VW-04. During the soil vapour well replacements in  
December 2022, an additional two soil vapour monitoring wells were installed (22VW-03 and 22VW-05). Soil vapour 
well installation details are provided on the borehole logs presented in Appendix F. 

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

3.0 FIELD METHODOLOGY 

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

3.1 Monitoring Well Installation 
On December 10, 2022, Tetra Tech contracted CP Drilling of Rimbey, Alberta to conduct the installation of 22MW-04 
using a truck-mounted drilling rig equipped with solid stem augers to a depth of 6.0 m below grade (mbg). 

Tetra Tech described soil at the borehole location according to the modified Unified Soil Classification System 
(USCS) with additional comments on soil staining, odours, and/or debris (if present). The borehole was completed 
as a groundwater monitoring well using a 3.0 m section of slotted 51 mm diameter polyvinyl chloride (PVC) 
standpipe, with solid PVC pipe from the top of the slotted section to the surface grade. Silica sand was placed from 
the base of the borehole to approximately 0.3 m above the slotted interval of the standpipe within the borehole 
annulus. The annulus of the borehole, above the screened section, was then sealed with bentonite clay to ground 
level. A locked, steel protective stick-up casing was installed at the monitoring well location. 
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The monitoring well installation details are included in Table 1. A detailed site plan showing the groundwater 
monitoring well location is presented on Figure 2, and the borehole log is included in Appendix F. 

3.2 Soil Vapour Well Installation 
On December 5, 2022, and December 10, 2022, Tetra Tech contracted CP Drilling of Rimbey, Alberta to 
decommission and reinstall two soil vapour wells and to install two new soil vapour wells using a truck-mounted 
drilling rig equipped with solid stem augers. 

Decommissioning activities consisted of removing the well materials at VP-01 (Lot 4) and sealing the former 
borehole with bentonite. The well materials were unable to be removed at VW-01, and the decommissioning activity 
at this location consisted of removing the protective well casing (road box) and sealing the vapour well with 
bentonite. The soil vapour wells were installed with 19 mm diameter solid PVC pipe and screened with 19 mm 
slotted PVC pipe. The installation details were as follows: 

 22VW-01 (replacement for VW-01): Installed to a total depth of 4.5 mbg with a 1.0 m screen from 3.5 mbg to 
4.5 mbg. No waste encountered. 

 22VW-03 (new installation): Installed to a total depth of 3.0 mbg with a 1.0 m screen from 2.0 mbg to 3.0 mbg. 
No waste encountered. 

 22VW-04 [replacement for VP-01 (Lot 4)]: Installed to a total depth of 3.0 mbg with a 1.0 m screen from  
2.0 mbg to 3.0 mbg. No waste encountered. 

 22VW-05 (new installation): Installed to a total depth of 3.0 mbg with a 1.0 m screen from 2.0 mbg to 3.0 mbg. 
Some woody debris encountered at 0.5 mbg within a sand layer and at 2.6 mbg within a clay layer. 

The soil vapour well locations are shown on Figure 2 and the installation details are provided on the borehole logs 
in Appendix F. 

3.3 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 
groundwater sampling was conducted on May 31.  

3.3.1 Groundwater Monitoring and Sampling Methodology 
Groundwater monitoring consisted of measuring methane in monitoring well headspace, and static groundwater 
levels in each monitoring well using an electronic water level indicator.  

The methodology for groundwater monitoring and sampling included the following: 

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

 Measuring the methane headspace concentrations in each well using an RKI Eagle Hydrocarbon Surveyor II 
(RKI Eagle) calibrated to methane. 
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 Measuring liquid levels in each monitoring well with an interface probe and recording total depths confirming 
absence of non-aqueous phase liquids (NAPL) and evaluating the water level relative to the screen to confirm 
the screen was not blinded. 

 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. 

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 (MW-03 and 22MW-04) 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 of routine water chemistry, dissolved metals, and ammonia. Groundwater samples were submitted 
under chain-of-custody (COC) documentation.  

The groundwater monitoring well locations are shown on Figure 2. 

3.4 Vapour Field Program 
Tetra Tech conducted soil vapour well monitoring in 2023 on January 31, May 30, and November 8 at five locations 
(22VW-01, VW-02, 22VW-03, 22VW-04, and 22VW05). Soil vapour well 22VW-01 was also monitored on  
April 5, 2023, in conjunction with the soil vapour sampling program. While the methane results at VW-02 were 
elevated in 2023 (ranged from 16.9% to 17.5%), soil vapour sampling was not conducted at this well in 2023 based 
on the sampling conducted in 2021 which showed that BTEX, PHC compounds, and VOCs were less than the soil 
vapour screening criteria. 

Monitoring at the five soil vapour monitoring wells consisted of measuring and recording soil gas pressure, 
composition (methane, carbon dioxide, oxygen, hydrogen sulphide, and balance) on a percent volumetric basis and 
groundwater elevation, during all monitoring events.  

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 measurement was 
recorded, the soil gas probe was purged of three well volumes of air, or until readings stabilized.  

After purging, gas composition measurements for methane, carbon dioxide, oxygen, balance gas, and hydrogen 
sulphide were recorded using a GEM analyzer. After recording soil gas concentrations, the probe/well depths and 
water levels were measured and recorded to confirm the water level within the probe was beneath the screened 
portion of the soil gas probe (i.e., the probe 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 (2% of helium concentration), the connections were tightened, and the leak test was conducted 
again.  
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Sampling of the soil vapour monitoring well (22VW-01) was based on the methodology of the CCME sampling 
guidelines, and is summarized as follows: 

 Prior to collecting the soil vapour probe 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. 

 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 probe 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. The start time was recorded on the sample tag. 

 When sampling was complete, the valve was closed, and the flow controller was removed. The end time was 
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 sample from 22VW-01 was submitted to ALS for chemical analysis of VOCs, BTEX, PHCs, and matrix 
gases including oxygen, carbon dioxide, methane, and nitrogen. 

The vapour monitoring well locations are shown on Figure 2. 

4.0 RESULTS AND DISCUSSION 

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

4.1 Groundwater Well Headspace Monitoring 
Tetra Tech monitored five groundwater monitoring wells [MW-01, MW-03, 22MW-04, MW-01 (Lot 4), and MW-03 
(Lot 4)] during the May 2023 monitoring event for measurements of methane in well headspace using an RKI Eagle. 
The RKI Eagle detection limit ranges from 5 parts per million (ppm) to 100% of the lower explosive limit (% LEL). 
For methane, 500 ppm is equivalent to 1% LEL; 20% LEL is equivalent to 1% Gas. 

During the 2023 monitoring event, methane headspace concentrations at the groundwater wells ranged from  
30 ppm at MW-01 (Lot 4) to 230 ppm at MW-01. Methane headspace concentrations were generally similar to the 
November 2021 measurements with a larger decrease noted at MW-01 (640 ppm in November 2021 to 230 ppm 
in May 2023). The highest methane concentration of 230 ppm is equivalent to 0.02% Gas. The methane headspace 
concentrations are presented in Table 1.  

At the groundwater monitoring wells, the water level was below the top of the monitoring well screen at monitoring 
wells MW-01, MW-03, 22MW-04, and MW-01 (Lot 4) during the monitoring event meaning the wells were not 
blinded. At MW-03 (Lot 4), the water level was slightly above the screen interval indicating the well was blinded. 



 2023 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT – RIVERSIDE LIGHT INDUSTRIAL PARK 
 FILE: 704-SWM.SWOP04071-03.006 | JULY 12, 2024 | ISSUED FOR USE 
 

 9 
 
 
2023 Groundwater and Soil Vapour Monitoring Report_RSLIP-IFU.docx 

4.2 Groundwater Elevations 
A summary of the measured groundwater levels and calculated groundwater elevations between 2013 and 2023 
are presented in Table 1. Figure 3 presents the groundwater elevation trends (hydrographs) for the monitoring wells. 

The average depth to groundwater in the monitoring wells in May 2023 was 4.59 mbg, which is consistent with 
historical groundwater elevations. The groundwater elevation at the newly installed well (22MW-04) was 
approximately 1.26 m lower than the average of the other wells. The lower groundwater elevation at 22MW-04 may 
be due to the distance from the other wells (approximately 180 m away from the closest) and that the ground surface 
elevation is approximately 2 m lower than the nearest well.  

The groundwater elevations measured in 2023 and the interpreted shallow groundwater elevation contours are 
presented on Figure 4. The elevation contours show a northeasterly groundwater flow direction with an easterly 
component to the flow direction on the southern portion of the site. The hydraulic gradient is steeper in the 
northeastern portion of the site based on the newly installed well; an estimated horizontal hydraulic gradient of 
0.006 m/m was calculated for this northeastern portion of the site and an estimated horizontal hydraulic gradient of 
0.002 m/m was calculated for the southern portion of the site. Based on the location of the site relative to the  
Red Deer River, an overall easterly or northeasterly groundwater flow direction is expected. 

4.3 Groundwater Field Parameters 
Field measurements for temperature, pH, and EC are provided in Table 2. A discussion of the results of the field 
measurements in May 2023 is summarized in this section. 

Groundwater temperatures were 9.0°C at MW-03 and 9.3°C at 22MW-04.  

Field pH values were 6.88 at MW-03 and 7.08 at 22MW-04. The field pH values 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 were 2,480 µS/cm at MW-03 and 1,763 µS/cm at 22MW-04. Field EC results were similar 
to the laboratory measured EC results. 

4.4 Groundwater Analytical Results 
The groundwater analytical data for 2023 is summarized in Table 2. The 2023 laboratory analytical reports are 
included in Appendix D and historical tables are presented in Appendix E. Monitoring well 22MW-04 was sampled 
for the first time in May 2023. 

4.4.1 Routine Water Chemistry Parameters 
TDS concentrations were greater than Tier 1 Guidelines (500 mg/L) at both monitoring well locations; 1,470 mg/L 
at MW-03 and 1,070 mg/L at 22MW-04. The TDS concentration at MW-03 was similar to previous results. The 
sodium concentration at 22MW-04 (211 mg/L) was marginally greater than the Tier 1 Guidelines (200 mg/L). 
Elevated TDS and sodium 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 buried 
wastes. 
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Chloride concentrations were greater than the Tier 1 Guidelines (120 mg/L) at MW-03 (172 mg/L) and the 
concentration appears stable and similar to the 2019 (168 mg/L) and 2021 (171 mg/L) results. The chloride 
concentration at 22MW-04 was 101 mg/L and less than the Tier 1 Guideline. Chloride is often considered a useful 
parameter to assess groundwater quality impacts associated with landfills, as chloride is generally present in 
elevated concentrations in leachate, and due to the mobile and conservative (non-reactive) nature of the ion. 
However, in urban settings, the use of road salt typically also contributes to chloride concentrations in groundwater. 

High concentrations of nitrate and nitrite are typically indicative of other anthropogenic impacts and are often an 
indication of oxic groundwater conditions. Monitoring wells MW-01 and MW-01 (Lot 4) were not sampled in 2023 
but had previously measured elevated nitrate concentrations and are located cross-gradient of the historical waste 
disposal area. As the extent of buried waste is not clearly defined and various organics may have been included in 
fill, as discussed in Section 2.1, the measured concentrations at these locations may be related to historical activities 
at the site. The nitrate and nitrite concentrations at MW-03 and 22MW-04 were less than the Tier 1 Guidelines in 
2023. 

In May 2023, ammonia concentrations were 51.3 mg-N/L at MW-03 and 0.253 mg-N/L at 22MW-04. The ammonia 
concentrations at MW-03 are elevated and have been increasing. Elevated ammonia concentrations are common 
in groundwater when conditions are anoxic due to decomposition of organic materials. It should be noted that  
MW-03 is approximately 150 m from the Red Deer River and based on measured concentrations to date  
(16 mg-N/L in 2013, 19.1 mg-N/L in 2019, 40.8 mg-N/L in 2021, and 51.3 mg-N/L in 2023), there is a potential that 
any groundwater discharging near the riverbank exceeds the referenced Tier Guidelines. However, the  
measured concentration of ammonia in 2013 at former monitoring well MW-02 (Lot 4), which was located  
cross-gradient/down-gradient of MW-03, approximately 60 m from the river, was 0.11 mg-N/L. In addition, the 
concentrations measured hydraulically cross-gradient and south at MW-03 (Lot 4) (1.73 mg-N/L) in 2021 were less 
than the Tier 1 Guideline. This information, along with a low ammonia concentration measured in 2023 at the new 
down-gradient well 22MW-04 suggests the overall environmental risk related to the discharge of groundwater to the 
Red Deer River is low.  

4.4.2 Dissolved Metals 
Concentrations of dissolved arsenic and dissolved iron at MW-03 and dissolved manganese at MW-03 and  
22MW-04 were greater than the Tier 1 Guidelines. The elevated dissolved arsenic concentration at MW-03 may be 
related to the presence of dissolved iron. Arsenic is strongly adsorbed onto iron(hydro)oxides and when these 
oxides dissolve due to anaerobic groundwater conditions, arsenic is mobilized. Dissolved iron and dissolved 
manganese are often naturally occurring in groundwater, although the exceedances for dissolved iron, and 
consequently arsenic, at MW-03 are likely related to the presence of buried organics and deep anoxic conditions. 
The new down-gradient monitoring well 22MW-04 did not exhibit dissolved iron and arsenic exceedances.  

Dissolved barium previously exceeded the Tier 1 Guidelines at MW-03; however, the Tier 1 Guidelines became 
less stringent when the Guidelines were updated in 2022 and the dissolved barium concentrations are no longer 
greater than the guideline. Elevated barium at MW-03 may be related to the low sulphate concentrations measured 
in the groundwater. As barium sulphate has a low solubility, more barium will be released into solution when 
sulphate concentrations are low. The sulphate concentration at MW-03 was 8.86 mg/L in 2021 and 4.53 mg/L in 
2023, which is low for typical shallow groundwater in Alberta and compared to the sulphate concentrations at the 
other monitoring wells. Along with the elevated dissolved iron, arsenic, and ammonia concentrations, the lower 
sulphate concentrations suggest that anoxic conditions and sulphate reduction occur at MW-03. 
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4.5 Soil Vapour Monitoring Results 
Methane concentrations at 22VW-04 and 22VW-05 were not detected during all three monitoring events in 2023. 
At 22VW-03, the methane concentration in May 2023 was 5.7%; however, concentrations were less than the 
instrument detection limits in January 2023 and November 2023 and the concentrations should be confirmed during 
future monitoring events. At 22VW-01 and VW-02, methane was detected during all events in 2023 with the 
maximum concentration measured at 22VW-01 in November (20.0%). Methane concentrations at 22VW-01 
increased throughout 2023 (1.9% in January to 20.0% in November), while concentrations at VW-02 were 
consistent (17.5% in January and 16.9% in November). All vapour monitoring wells were dry during all monitoring 
events in 2023; therefore, no wells were blinded. 

Pressures measured at all vapour wells were negligible during all monitoring events in 2023. Concentrations of 
carbon dioxide, oxygen, and the balance gas were mostly consistent in 2023 and trace concentrations of carbon 
monoxide were measured at several locations. 

The soil vapour monitoring results are presented in Table 4. 

4.6 Vapour Analytical Results 
Table 5 summarizes the soil vapour chemical results collected at 22VW-01 in 2023 and compares them to the soil 
vapour screening criteria protective of vapour intrusion into indoor air. Vapour well 22VW-01 was the only location 
sampled in 2023 and the laboratory analytical report is included in Appendix D. Vapour well VW-02 was not sampled 
in 2023 based on the previous results at this location where BTEX, PHC compounds, and VOCs were less than the 
soil vapour screening criteria.  

BTEX and PHC fractions F1 and F2 [parameters with a toxicity reference value (TRV) for inhalation] were compared 
against the screening criteria for residential land use for coarse-grained soil. PHC aliphatic and aromatic fractions 
that comprise F1 and F2 were detected at concentrations greater than the analytical detection limits in sample  
22VW-01. However, soil vapour concentrations were between 25 and 287 times less than the soil vapour screening 
criteria, which are protective of vapour intrusion into indoor air. 

VOCs (parameters with a TRV for inhalation) were compared against the screening criteria for residential land use, 
coarse-grained soil. Thirteen parameters were detected greater than the analytical detection limit in sample  
22VW-01; however, soil vapour concentrations were between 157 and 99,621 times less than the soil vapour 
screening criteria, which are protective of vapour intrusion into indoor air. 

The methane concentration measured in the vapour sample at 22VW01 (7.36%) in April 2023 was similar to the 
field measurement in April 2023 (7.2%). The May 2023 and November 2023 field measurements for methane at 
22VW-01 and the January 2023, May 2023, and November 2023 field measurements for methane at VW-02 were 
also elevated (maximum measured concentration of 20.0% and 17.5%, respectively). The concentrations measured 
in the vapour sample from 22VW-01 were greater than values referenced in the Standards for off-site buildings or 
enclosed structures or in the area immediately outside the foundation of a building or structure, or in the subsurface 
at the property boundary. The Standards may not be directly applicable to the site but are used as qualifier of 
potential impact. 
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4.7 Quality Assurance/Quality Control  

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

The field procedures for QA/QC involved: 

 Changing nitrile gloves between sample collections; 

 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;  

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

 Collecting a duplicate vapour sample during the vapour sampling event; and 

 Documenting field procedures and sampling activities. 

4.7.2 Results 
The QA/QC results for groundwater sampling are included in Table 3. Duplicate vapour samples were not collected 
in 2023. The duplicate sample was submitted for analysis of the same parameters as the original sample.  

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

RPD = _ (𝑉𝑉1−𝑉𝑉2)
(𝑉𝑉1+ 𝑉𝑉2)

2

∗ 100%  

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. All RPDs were less than 20% from the duplicate sample at 22MW-04 in May 2023. Based on the QA/QC 
results, the sample methods and results are considered acceptable. 
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5.0 UPDATED HAZARD QUOTIENT RESULTS 

Using the soil vapour screening levels and calculations described in the 2021 groundwater and soil vapour 
monitoring report (Tetra Tech 2022a), the soil vapour sampling results, estimated cancer risks (for carcinogens), 
and estimated hazard quotients (for non-carcinogens) were calculated for the site.  

For this evaluation, cumulative target risk and hazard levels were determined in accordance with Alberta Tier 2 
Guidelines (AEP 2022b). 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 compound 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. 

There was no cumulative risk level for carcinogens in sample 22VW-01 in 2023 as the carcinogenic parameters 
methylene chloride and trichloroethene were less than the laboratory detection limit and the benzene concentration 
was two orders of magnitude lower than the target risk level. The cumulative hazard level identified in sample  
22VW-01 for the non-carcinogens was 0.352, which is less than the target hazard level of 1; additionally, no 
individual hazard levels were identified greater than the target hazard level of 0.2.  

Table 6 summarizes the properties of the compounds being assessed. Table 7 summarizes the soil properties used 
for the calculations. Table 8 summarizes the building properties used for the calculations, and Table 9 presents the 
generic soil vapour criteria calculated. Table 10 presents the estimated risk and hazard for the volatile compounds 
that were detected in soil vapour.  

As shown in Table 10, the estimated cumulative risks and hazards associated with the soil vapour sample collected 
in April 2023 did not exceed the corresponding target risk and hazard levels. Previously, the estimated individual 
hazard associated with soil vapour sample VW-02 analyzed in 2021 indicates a potential risk from vapour intrusion 
to indoor air from dichlorodifluoromethane. Soil vapour well VW-02 is located on the boulevard along 61 Street 
(Figure 2) and is approximately 18 m from the closest building. Dichlorodifluoromethane is also known as Freon-12 
and is used as a refrigerant and aerosol spray propellant. The analytical result for the freon compound in 2021 was 
two orders of magnitude greater than the result in 2019. None of the other VOC compounds showed a similar 
change since 2019 and the result should be confirmed in future sampling events. 

6.0 EVALUATION OF SITE CONDITIONS  

6.1 Summary of Site Conditions 
Sampling results at monitoring well MW-03 in 2023 confirmed that the groundwater is deeply anoxic, based on 
elevated concentrations of several redox sensitive parameters (e.g., dissolved iron, dissolved manganese. and 
ammonia), while sulphate is reduced. These conditions are consistent with the presence of methane at several 
vapour wells on the site and are likely related to the decomposition of buried organic materials. 

The newly installed down-gradient monitoring well 22MW-04 does not show obvious groundwater quality effects of 
buried organic materials or wastes. Along with historical data from other monitoring wells between MW-03 and the 
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Red Deer River, and a better understanding of the groundwater flow pattern, overall the environmental risk related 
to guideline exceedances measured at the various monitoring wells is anticipated to be low. 

Sampling of soil gas at vapour monitoring probe 22VW-01 did not identify exceedances of the corresponding target 
risks and hazard levels for the parameters tested. 

Previous sampling of soil gas at vapour monitoring probe VW-02 did not identify exceedances of the corresponding 
target risks and hazard levels for the parameters tested, except for the individual hazard related to 
dichlorodifluormethane in 2021. The concentration of this VOC (a freon compound) increased significantly from 
2019. The 2021 the concentration may have been anomalous and should be confirmed in future events. 

Due to suspected integrity issues, VW-01 was decommissioned and reinstalled in December 2022 as 22VW-01. 
The 2023 methane concentrations at 22VW-01 ranged from 1.9% in January to 20.0% in November. At VW-02 
previous concentrations ranged from 12.1% in April 2021 to 18.2% in December 2021, and similar concentrations 
of methane were measured at this well in 2023 (16.9% in November to 17.5% in January).  

The methane concentrations measured at VP-01 (Lot 4) were less than the instrument’s detection limit during all 
monitoring events in 2021; however, there was a blockage below grade and the integrity of the vapour well was 
suspected to be compromised. This location was decommissioned and reinstalled in December 2022 as 22VW-04. 
Methane concentrations at 22VW-04 were less than the detection limits during all events in 2023. In December 
2022, two additional soil vapour wells were installed at the site (22VW-03 and 22VW-05). Methane concentrations 
at these two wells were mostly less than the instrument detection limits excluding the May 2023 measurement at 
22VW-03, which was 5.7%. 

Several of the field measured concentrations summarized above are considerably higher than values presented in 
the Standards for subsurface methane, for an on-site building or enclosed structure or in the area immediately 
outside the foundation of the building or structure (1%). While not necessarily applicable to the site, the 1% 
concentration value may be seen as a relative indicator of impact.  

Based on the 2023 and historical data for the site, there are concerns related to waste materials formerly buried 
with fill at the site. While previous assessments have outlined an area roughly between VW-01 and VW-02 where 
presumably waste disposal occurred, a perhaps more extensive area where gravel mining occurred in the late 
1950s and early 1960s, may not have been adequately assessed. The ultimate extents of the gravel mining 
operations and nature of material used for backfill are not fully characterized, and the previously identified waste 
footprint needs modification. Further recommendations regarding characterization of the nature and extents of the 
waste disposal and gravel operations are provided in Section 7.0.  

The elevated methane concentrations consistently measured at VW-02 and the historical results from VW-01 and 
current results at 22VW-01 suggest that methane gas may be present near or beneath various existing commercial 
buildings within the site. The extent of the area with elevated methane concentrations and groundwater quality 
impact is not clearly defined, also considering the potential larger area where fill and waste may have been placed.  

6.2 Summary of Hazard Quotient Results 
A summary of the 2014 hazard quotients from the 2014 risk management plan (RMP) for the site that was completed 
by Tiamat (Tiamat 2014b) is attached in Appendix B. 

For consistency with XCG Consulting Limited’s (XCG’s) approach from 2017, we compared individual hazard 
quotients with the individual target hazard level (0.2). Based on the 2019, 2021, and 2023 programs, the greatest 
hazard quotient calculated for the site was 0.6 (vs target individual hazard level of 0.2) at VW-02 in 2021 and the 
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greatest estimated cancer risk was 6.2 x 10-7 (vs target risk of 1.0 x 10-5) at VW-01 in 2019 for the duplicate sample. 
The greatest cumulative hazard quotient calculated for the site was 0.6 (vs target cumulative hazard level of 1.0) 
and the greatest cumulative estimated cancer risk was 6.3 x 10-7 at VW-02 (2021) and VW-01 (2019), respectively. 
While further development at the site is not currently proposed, for illustrative purposes, based on the hazard 
quotients and cancer risk levels calculated from the 2019, 2021, and 2023 vapour data, the site was upgraded from 
no passive or active measures required for development within the setback area to Passive Level A measures 
(compacted clay liner with a minimum thickness of 1 m and confirmed maximum hydraulic conductivity of  
10-6 cm/sec) using the prior RMP approach. 

We note that these measures relate to compounds with hazard quotients and cancer risks and were not specifically 
developed for methane. Risk management for methane should consider concentrations as well as other factors 
such as volume of methane-generating material, generation rates and gas movement; commonly concentrations 
and soil gas pressures are used to assess response requirements. Based on the measured methane gas 
concentrations at the site, Passive Level A measures may not be sufficient with respect to methane concentrations 
in certain areas of the setback. 

Future applications for development 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 
but it is recommended that future applications for development within the setback review this report and the 
historical methane concentration data to determine if the generic measures would be sufficient with respect to 
methane for their specific development and location. Ultimately, the developer’s design engineer would be 
responsible for developing measures specific to the intended development based on the above or an appropriate 
equivalent. Protection of workers (e.g., construction and utility) should form part of any development plan. 

The historical waste disposal limits as shown on the figures (and by extension the landfill setback area) require 
updating as per the discussion in Section 2.1 and the recommendations for further investigation presented in 
Section 7.0. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

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

 Based on the monitoring well groundwater elevations, the interpreted groundwater flow direction is to the 
northeast on the northern portion of the site under an estimated horizontal gradient of 0.006 m/m with an 
easterly flow on the southern portion of the site under an estimate horizontal gradient of 0.002 m/m. These 
results are in alignment with the proximity of the Red Deer River to the site and based on the topography of the 
area. 

 Groundwater quality parameters that exceeded the Tier 1 Guidelines at one or more monitoring wells in 2023 
included TDS, sodium, chloride, ammonia, and dissolved metals parameters including arsenic, iron, and 
manganese. The measured concentrations of routine water chemistry parameters were generally consistent 
with previous results and the ammonia concentrations measured at monitoring well MW-03 are likely indicative 
of anoxic conditions related to decomposition of buried organic materials. At MW-03 (Lot 4), last sampled in 
2021, which is also interpreted to be hydraulically down-gradient, there are also inferred anoxic conditions, but 
to a lesser extent. At the new down-gradient well 22MW-04, ammonia concentrations were low suggesting that 
the overall environmental risk related to the discharge of groundwater to the Red Deer River is low. 
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 Concentrations of BTEX compounds, PHCs, and VOCs in the soil vapour samples collected at 22VW-01 were 
less than the soil vapour screening criteria. The estimated individual and cumulative risks and hazards 
associated with the soil vapour sample collected in April 2023 did not exceed the corresponding target risk and 
hazard levels. 

 The estimated individual and cumulative risks and hazards associated with the soil vapour sample collected in 
July 2021 at VW-02 did not exceed the corresponding target risk and hazard levels, except for the individual 
hazard for dichlorodifluoromethane. The concentration of this VOC (a freon compound) increased significantly 
from 2019 to 2021, and because a vapour sample at VW-02 has not been collected since 2021, the 
concentration should be confirmed in future events. 

 Elevated methane gas concentrations were measured at 22VW-01 and VW-02, which is consistent with 
historical results. The methane gas concentrations at 22VW-01 in 2023 were similar to the previous 
measurement at adjacent well VW-01 in 2013 and 2019. The methane concentrations at VW-02 in 2023 were 
also similar to previous measurements at this location since 2013. The measured concentrations at both of 
these locations were greater than values referenced in the Standards for on-site buildings or enclosed structures 
or in the area immediately outside the foundation of a building or structure (not directly applicable to the site but 
used for relative indicator of impact).   

Based upon the results of the vapour and groundwater monitoring and sampling program in 2023 including the 
installation of an additional down-gradient groundwater monitoring well, the replacement of two soil vapour wells, 
and the installation of two new soil vapour wells, there are indications of residual impacts related to buried organics 
at several monitoring wells and soil vapour well locations. However, the lateral extent of methane gas generation 
to the west and south of the site is currently unknown. There is no evidence that municipal solid waste (MSW) is 
present based on the measured VOC concentrations at the soil vapour well locations. 

While the 2023 results are not new findings, upon review of historical information, it is likely that the interpreted 
location and extent of the historical waste disposal area, as presented in previous ESA reports (Tiamat 2013, 2014a, 
and 2014b), is inaccurate and that the former gravel pit location was to the east and adjacent to the west side of 
the rail line as shown on Figure 2. As previously initiated, and upon an additional review of the previous ESAs, the 
information collected to date during assessments suggest that fill placed at the site in the past may not be typical 
MSW; however, the measured groundwater quality impacts and vapour concentrations warrant further assessment 
and ongoing site monitoring.  

The following recommendations are made:  

Further Assessment and Ongoing Monitoring:  

 Install three additional soil vapour monitoring wells; to the north of 22VW-03 near the intersection of  
62 Street and 46 Avenue, to the south of VW-02 along 61 Street, and to the west along 62 Street. 

 To confirm the 2023 findings, conduct one more annual groundwater monitoring and sampling event in 2024. 
Monitoring should include groundwater levels and headspace vapours at all existing wells to confirm the 2023 
inferred groundwater flow pattern and well headspace vapours. Sampling should include MW-03 and 22MW-04.  

 Continue monitoring vapour concentrations and pressures at all vapour monitoring wells, including the three 
proposed new wells; however, reduce the monitoring frequency from quarterly to semi-annually.. Collect soil 
vapour samples for analytical testing from the three proposed soil vapour monitoring wells and from VW-02 to 
confirm the freon concentration measured in 2021. If elevated methane concentrations are measured at the 
proposed new vapour monitoring wells during any of the events, an analytical sample from the soil vapour well 
should be collected to confirm the concentrations. 
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 Once preliminary data from above is available, compile the above information into an updated RMP for the site 
to focus future risk management efforts. With the recent and proposed additional drilling and monitoring there 
will be better information with which to update the CSM and inform RMP development. AEPA has also 
requested that the existing RMP is updated to align with regulatory updates since the original RMP was 
completed. 

 Use of the ASTM (2023) Guide for evaluating methane hazard should be considered to support the risk 
management approach for the site. 

Administrative Actions: 

 Further to the above recommendations, as noted, the site remains a historical waste disposal site that has been 
nearly fully developed with roadways and commercial building overtop of it. The City should review this status 
on an ongoing basis to ensure that drainage remains positive and repairs or maintenance should be undertaken 
as required to maintain the site. In addition, ensure that the site is clearly identified within The City’s property 
database(s) and flagged for specific review should site development or maintenance activities be contemplated. 
This may include requirements for minimizing site disturbance, utilizing material management plans during utility 
work, and including site-specific health and safety plans for workers. 
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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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“A significant buried valley and aquifer resource trending northeastward through the city has been partially mapped 
and lies in the SE 28-38-27 W4M (McKenzie Trail and Riverside). This buried valley extends to a depth of 21 m, 
more or less and may extend to the south into north portions of 21-28-27 W4M.” Mapping by the Alberta Geological 
Survey6 indicates that the valley is east of the site, however the width of the valley is not defined. 

“The dominant type of near-surface groundwater in the Paskapoo Formation in the area of assessment is sodium 
bicarbonate. Notable concentrations of sodium sulphate type groundwater have also been reported. The quality of 
groundwater for potable use is generally suitable to depths of 300 m on the west side of Red Deer and decreases 
to 90 m, more or less in the east. 

Areas of recharge (downward flow) in unsaturated heterogeneous sediments include most areas above the river 
and creek valleys, whereas; the river valleys will generally exhibit discharge. The distribution of groundwater in the 
area can also be influenced by the local geology, topographic relief, areas of artesian flow, springs and reasonable 
yielding water source wells. 

Numerous permanent surface water features within The City of Red Deer and vicinity include Red Deer River, 
Waskasoo Creek, Gaetz Lakes, Hazlett Lake, Bower Ponds (result of formerly mining gravel resources), various 
sloughs in the fringe areas of the city and an assortment of other smaller creeks and springs. 

The regional groundwater flow is expected to follow the bedrock topography and will be influenced by the varying 
distribution of sediments in the river valley, which will have been deposited in various historical channels since filled 
in under varying depositional environments. Further, the river is in hydrologic connection with the adjacent 
sediments, and therefore seasonal changes in river stage will affect the local groundwater flow patterns (magnitude 
and direction).  In seasons of higher river flow, bank storage will occur whereas in seasons of lower flow (such as 
late summer/fall), the storage will be released.” 

3.2.2 Local Hydrogeology 
The RSLIP area is relatively level with a gentle slope to the southeast. Areas to the west near Gaetz Avenue and 
north of Highway 11 are considerably higher in elevation. Groundwater flow direction is interpreted to be to the east 
or southeast towards the Red Deer River. The Red Deer River flows north. No other surface waterbodies were 
identified within 500 m of the site.  

3.3 Groundwater Resource Usage 
A search of the Alberta Water Well Database conducted in January 2020 for groundwater users within a 1 km radius 
of the RSLIP identified 22 groundwater wells; 7 of the wells are listed as domestic use, 4 are listed as domestic and 
industrial use, 4 are listed as industrial use, 6 as investigation use, and 1 is unknown use7. 

The nearest water well to site is located approximately 370 m southeast of the site, near the Red Deer River. The 
proposed well use was listed as for investigation purposes. The water wells within a 1 km radius of the site range 
from 4.5 m to 235 m deep. The status and use of the surrounding groundwater wells were not confirmed and they 
were not field verified. 

 
6  Andriashek, L. comp.  2018.  Thalwegs of Bedrock Valleys, Alberta (GIS data, line features); Alberta Energy Regulator, AER/AGS Digital 

Data 2018-0001. 
7  Alberta Environment and Parks.  2019.  Water Well Database.  Information obtained included in the 2019 monitoring report.  

http://www.telusgeomatics.com/tgpub/ag_water/.  
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Passive Measures 

1. Passive Measures – Level A: for Cancer Risk of > 1E-5 and < 5E-5 and/or HQ >0.2 and <1. 

Compacted clay liner with a minimum thickness of 1m and confirmed maximum hydraulic conductivity of  
10-6 cm/sec. 

2. Passive Measures – Level B: for Cancer Risk of > 5E-5 and < 5E-4 and/or HQ >1 and <5. 

Synthetic liner with type of material, thickness and installation details dependent on the design professional. 

3. Passive Measures – Level C: for Cancer Risk of > 5E-4 and < 1E-3 and/or HQ >5 and <50. 

Passive sub-slab depressurization (SSD) system with a minimum depressurization of 4 Pa to 10 Pa. In some 
instances (such as a pervious subgrade), the actual depressurization necessary may require an active SSD or 
alternative active ventilation system. 

Active Measures 

Field verify the presence of the identified chemicals of concern and other potential chemicals in the soil gas state 
at the development site. If confirmed, determine the most appropriate manner to prevent soil vapour intrusion. 

1. Active Measures – Level D: for Cancer Risk of > 1E-3 and < 2E-3 and/or HQ values >50 and <100. 

Active SSD must be configured to compensate for depressurization of the building and have adequate negative 
pressure gradients across the entire footprint of the foundation.  

2. Active Measures - Level E: for Cancer Risk of >2E-3 and/or HQ values >100.  

Installation of geomembrane and active soil vapour extraction with system fault notification alarm. 
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