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EXECUTIVE SUMMARY 

The City of Red Deer (The City) retained Tetra Tech Canada Inc. (Tetra Tech) to conduct the 2021 groundwater 
and vapour monitoring program at the former landfill located beneath the Riverside Heavy Dry Waste Site (Riverside 
Heavy site), located at 4240 Northland Drive within the NE and SE portions of Section 33-038-27 W4M,  
Red Deer, Alberta, hereafter referred to as the site. The objective of the monitoring program is to identify potential 
environmental concerns related to former operations at the site. 

Tetra Tech’s scope of work for the 2021 monitoring and sampling program at the Riverside Heavy site included 
conducting quarterly events of groundwater and vapour monitoring, reviewing and updating previous 
recommendations for the site, and preparing an annual report. 

The groundwater monitoring network at the site consists of three monitoring wells (MW-01 to MW-03). MW-01 and 
MW-03 are screened within the native sand and clay and MW-02 is screened within siltstone bedrock. The vapour 
monitoring network consists of one vapour monitoring well (VW-01) located at the west side of the site near the top 
of the hill between the site and adjacent commercial-industrial developments.   

The results of the 2021 monitoring program are consistent with the results of the previous groundwater monitoring 
programs at the Riverside Heavy site in 2013 and 2019. Key findings of the 2021 monitoring program include the 
following: 

 During the four monitoring events in 2021, methane headspace concentrations at the groundwater monitoring 
wells (including along the east site perimeter) were relatively low, ranging from less than the instrument 
detection limit at MW-02 in July to 190 parts per million (ppm) at MW-03 in July. Concentrations of methane at 
the vapour well were less than the instrument detection limit during most monitoring events in 2021, with the 
exception of April 2021 where a concentration of 0.1% (1,000 ppm) methane was measured. The methane 
concentrations measured in the monitoring wells headspace in 2021 are not interpreted to be of concern. 

 The groundwater elevations in 2021 indicated that the inferred groundwater flow direction was to the northeast. 
The average horizontal hydraulic gradient at the site is 0.07 m/m. This is consistent with observations made 
historically.   

In the 2019 groundwater and soil vapour monitoring report, Tetra Tech recommended monitoring the headspace 
pressures of the ground water monitoring wells. However, during project planning it was determined that measuring 
the headspace pressure of the groundwater monitoring wells would not provide additional insight to site impacts as 
historically the screens of all three wells have been partially or fully submerged and would not provide accurate 
pressure measurements. 

The prior monitoring programs identified indications of residual impacts related to the former landfill operations at 
several groundwater monitoring well locations. The 2019 groundwater monitoring program identified that some 
leachate indicator parameter concentrations were elevated in the groundwater at the cross-gradient and  
down-gradient monitoring well locations; however, based on the 2021 monitoring program, the groundwater flow 
direction is well defined and inferred risks to receptors are limited. Therefore, continuing the groundwater monitoring 
program is not warranted.  

Based on the 2019 results of the soil vapour samples, there was little indication that the soil vapour pathway will 
pose a hazard to receptors. The 2021 monitoring of subsurface methane concentrations along the eastern portion 
of the site confirmed that vapour migration is not identified as a significant concern.  
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Based upon the results of the 2021 groundwater monitoring program, Tetra Tech provides the following 
recommendations: 

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

 Utilize the revised generic mitigative measures (attached in Appendix B) when evaluating applications for 
development within the setback. 

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

Further to the above recommendations, the site remains an historical landfill. It presently appears to be well 
maintained and capped. The City should review this status on an ongoing basis to ensure that the cover remains 
intact and drainage remains positive; repairs or maintenance should be undertaken as required to maintain the site. 
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LIMITATIONS OF REPORT 
This report and its contents are intended for the sole use of The City of Red Deer and their agents. Tetra Tech Canada Inc. 
(Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations 
contained or referenced in the report when the report is used or relied upon by any Party other than The City of Red Deer, or for 
any Project other than the proposed development at the subject site. Any such unauthorized use of this report is at the sole risk 
of the user. Use of this document is subject to the Limitations on the Use of this Document attached in 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 2021 groundwater 
and soil vapour monitoring program at the former landfill located beneath the Riverside Heavy Dry Waste Site  
(Riverside Heavy site), located at 4240 Northland Drive within the NE and SE portions of Section 33-038-27 W4M, 
hereafter referred to as the site.   

The scope for 2021 was based on Tetra Tech’s 2019 groundwater and soil vapour monitoring and sampling program 
conducted at the site. Those results were presented and discussed in the 2019 Groundwater and Soil Vapour 
Monitoring Report – Riverside Heavy Dry Waste Site (Tetra Tech 2020), and key findings and recommendations of 
that program are summarized in Section 1.1. The objectives and scope for the 2021 monitoring program are 
presented in Section 1.2.  

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

1.1 2019 Program – Key Findings and Recommendations 
The scope of work for the 2019 monitoring program was based on the proposal submitted by Tetra Tech on 
January 11, 2019 to The City to conduct environmental monitoring services for the pre-1972 landfill sites. The 
objectives of the overall project were to: 

 Confirm and implement the prior recommendations from the risk management plans (RMPs); 

 Consult with the regulator on amendments to the program, as required; 

 Conduct environmental monitoring and sampling for each of the eight sites, as outlined in the RMP 
recommendations, while incorporating any approved recommendations; 

 Update the hazard quotients for each site; and 

 Prepare an environmental monitoring report for each site. 

The 2019 program at the Riverside Heavy site included monitoring and sampling of groundwater and soil vapours 
from existing wells. The program identified that there are indications of residual impacts related to the former landfill 
operations at several monitoring well locations. The groundwater monitoring program identified that some leachate 
indicator parameter concentrations were elevated in the groundwater at the cross-gradient and down-gradient 
monitoring well locations; however, the groundwater flow direction was well defined and inferred risks to receptors 
were limited. Therefore, continuing the groundwater monitoring and sampling program was not warranted. However, 
the report identified that buried landfill waste remains beneath the site; therefore, ongoing risk management is 
required. Key findings included: 

 The groundwater elevations in 2019 indicated that the inferred groundwater flow direction was to the northeast 
under an average horizontal hydraulic gradient of 0.08 m/m. 

 Groundwater parameters that exceeded the Tier 1 Guidelines at one or more monitoring wells in 2019 included 
total dissolved solids (TDS), sodium, chloride, sulphate, and dissolved metals including aluminum, arsenic, 
barium, iron, manganese, and uranium. The measured concentrations of these parameters were generally 
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consistent with previous results. Several parameters were interpreted to reflect natural groundwater quality; 
however, some leachate impact was evident at MW-02 (northeast) and MW-03 (east). 

 Concentrations of benzene, toluene, ethylbenzene, xylenes (BTEX), petroleum hydrocarbon (PHC)  
fractions F1 to F2, adsorbable organic halides (AOX), volatile fatty/carboxylic acids, and volatile organic 
compounds (VOCs) in 2019 were less than the analytical detection limits at all groundwater monitoring wells 
with the exception of PHC fraction F2 at MW-03, which was equal to the analytical detection limit (0.10 mg/L), 
but considerably less than the Tier 1 Guideline (1.1 mg/L).  

 Concentrations of BTEX, hydrocarbons, and VOCs in soil vapour samples collected (VW-01 and duplicate) 
were less than the soil vapour screening criteria. 

 Siloxanes were not detected in the soil vapour samples collected. 

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

Based on these findings, recommendations for the 2021 monitoring program included the following: 

 Conduct one additional year of quarterly monitoring at the site, including measuring headspace methane 
concentrations, headspace pressures, and water levels at all groundwater and soil vapour probes, to confirm 
methane is not present at significant concentrations, in particular along the eastern portion of the site.    

 If preliminary monitoring results indicate either that the eastern groundwater wells are blinded (i.e., the well 
screen is completely submerged) or identify elevated methane, soil vapour-specific monitoring probes would 
be recommended for this portion of the site. If concerns with methane are not identified, then the program would 
be recommended to be stopped. 

1.2 Scope of Work 
The 2021 monitoring program scope of work included the following activities: 

 Conducting quarterly events of groundwater and soil vapour monitoring, including, measuring headspace 
vapours1 and groundwater levels within each monitoring well and observing monitoring well integrity. 

 Conducting monitoring well repairs, as required. 

 Preparing an annual report summarizing the field activities undertaken for the year and interpreting the 
groundwater and soil vapour monitoring results. 

In the 2019 groundwater and soil vapour monitoring report, Tetra Tech recommended monitoring the groundwater 
monitoring well headspaces for methane as a useful screening tool in the absence of soil vapour wells in other 
areas of the site. Subsequently, in 2021, headspace monitoring was conducted to measure methane concentrations 
and not VOCs and combustible vapour concentrations (CVCs), which were measured in 2019. 

 
1  During project planning it was determined that measuring the headspace pressure of the groundwater monitoring wells would not provide 

additional insight to site impacts as historically the screens of all three wells have been partially or fully submerged and would not provide 
accurate pressure measurements. 
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2.0 BACKGROUND INFORMATION 

2.1 General Information 
The site is located within the NE and SE portions of Section 33-038-27 W4M, at 4240 Northland Drive in  
Red Deer, Alberta. A general site location plan is shown on Figure 1. The site is zoned A2 – Environmental 
Preservation. The site is located on a large hill slope within the Riverside Heavy Industrial Park. Access to the site 
is from the Red Deer Fire Training Centre located east of site. The north and east boundary of the site is bounded 
by a Canadian National Railway right-of-way (ROW). South of the site consists of a natural area containing a slough 
and various shrubs and grasses. The site has mountain bike trails and is vegetated with a variety of natural grasses, 
shrubs, and trees. A general site plan showing surrounding land use is provided on Figure 2.  

Additional information on the site history, historical groundwater monitoring investigations, and site setting can be 
found in Appendix B. 

2.2 Conceptual Site Model Summary 
The selection of comparative guidelines is based on the conceptual site model (CSM), which outlines the rationale 
for the selection of applicable exposure pathways and receptors at the site. This evaluation is based on guidance 
presented in the Alberta Tier 1 Guidelines (Alberta Environment and Parks [AEP] 2019). The CSM that was 
developed for the site in the 2019 groundwater and soil vapour monitoring report can be found in Appendix B and 
includes the following items: 

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

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

 Identification of applicable exposure pathways and receptors.  

The following table presents a summary of the relevant exposure pathways and receptors identified in the CSM. 

Release Mechanism COPC Migration/Exposure 
Pathway Potential Receptor 

Leachate infiltration 
from buried waste 
into foundation or 
through cover 

Inorganic parameters 
and nutrients, metals, 
PHCs, VOCs, and other 
indicator parameters 
(i.e., biochemical oxygen 
demand [BOD] and 
chemical oxygen 
demand [COD]). 

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

Groundwater ingestion 
(drinking water). 

Domestic use aquifer (DUA); freshwater 
aquatic life in a slough (approx. 30 m 
away) and the Red Deer River. 

Off-site surface migration 
(wind or water erosion). 

Adjacent sites of more sensitive land 
use. 

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

VOCs, methane, BTEX 
and PHC fractions, and 
siloxanes. 

Vapour inhalation. Human users of the commercial area. 

Methane Accumulation to explosive 
levels in presence of an 
ignition source. 

Enclosed spaces. 
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As recommended by AEP, the soil vapour results obtained during the 2019 investigation were evaluated using 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 soil vapour guidelines, indoor air risk calculations were undertaken and hazard quotients were 
calculated. Potential explosive risk was evaluated through relative comparison of the measured concentrations to 
the lower explosive limit (LEL) for methane (5% gas by volume).  

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

 Groundwater concentrations at the site were compared to the Tier 1 Guidelines under commercial/industrial 
land uses for coarse-grained soils; and 

 Soil vapour analytical results were compared to A Protocol for the Derivation of Soil Vapour Quality Guidelines 
for Protection of Human Exposures Via Inhalation of Vapours under commercial land use for  
coarse-grained soils. 

Cross-sections that were prepared using the wells included in the monitoring program are included in Appendix C 
(from Tiamat Environmental Consultants Ltd. [Tiamat] 2014a). 

2.3 Monitoring Well Network 
The groundwater monitoring network at the site consists of three monitoring wells (MW-01 to MW-03). MW-01 and 
MW-03 are screened within the native sand and clay and MW-02 is screened within siltstone bedrock. All monitoring 
wells were in good condition in 2021. Monitoring well completion details are summarized in Table 1.  

The vapour monitoring network consists of one soil vapour monitoring well (VW-01) located at the west side of the 
site near the top of the hill. The soil vapour well was in good condition in 2021. 

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

3.0 MONITORING METHODOLOGY 

A discussion of the methods used for the groundwater and vapour monitoring fieldwork is presented in the following 
sections. In 2021, Tetra Tech conducted groundwater and vapour monitoring on April 28, July 12, September 8, 
and November 23. 

3.1 Groundwater Monitoring Wells 
Monitoring at the groundwater monitoring wells (51 mm diameter) consisted of measuring methane vapour 
concentrations in monitoring well headspaces, and static groundwater levels in each monitoring well quarterly (April, 
July, September, and November).   

The methodology for monitoring at the groundwater monitoring wells 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. 

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



 2021 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT – RIVERSIDE HEAVY DRY WASTE SITE 
 FILE: 704-SWM.SWOP04071-02.006 | JUNE 14, 2022 | ISSUED FOR USE 
 

 5 
 
 
2021 Groundwater and Soil Vapour Monitoring Report - Riverside Heavy.docx 

 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. 

3.2 Soil Vapour Monitoring Wells 
Monitoring at the vapour monitoring probe (25 mm diameter) consisted of measuring and recording soil gas 
pressure, composition (methane, carbon dioxide, oxygen, hydrogen sulphide, and balance) on a percent volumetric 
basis and groundwater elevation, quarterly (April, July, September, and November).   

The soil vapour probe was inspected for visible signs of damage and noting the position of the sampling labcock. 
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, or until readings stabilized. VW-01 is a small diameter soil gas 
probe (25 mm well), which was purged directly with the GEM LFG analyzer.  

After purging, gas composition measurements for methane, carbon dioxide, oxygen, balance gas, and hydrogen 
sulphide were recorded using the GEM analyzer. Upon 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., that the probe was not blinded).  

4.0 RESULTS AND DISCUSSION 

This section presents the results of the fieldwork conducted in 2021 at Riverside Heavy site and discussions of 
these results.   

4.1 Well Headspace Monitoring 
The headspace vapour concentrations for 2021 are presented in Table 1 (groundwater wells) and Table 2 (soil 
vapour probe). Based on the style of installation, different monitoring methodologies were utilized; however, the 
instruments utilized were each calibrated to methane. Groundwater methane concentrations were measured using 
an RKI Eagle, calibrated to methane. 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. 

At the groundwater monitoring wells, the water level was above the top of the monitoring well screen of up-gradient 
monitoring well MW-01 during all four monitoring events in 2021 and at MW-03 in April 2021, meaning the wells 
were blinded and headspace vapour measurements are not representative for in-situ soil vapours. The two 
monitoring wells located down-gradient of the waste footprint were not blinded in 2021 during most monitoring 
events, with the exception of MW-03 in April. The vapour well (VW-01) was dry during all events in 2021 indicating 
the well was not blinded with groundwater. 

During the four monitoring events in 2021, methane headspace concentrations at the groundwater wells (measured 
using the RKI Eagle) were relatively low, ranging from less than the instrument detection limit at MW-02 in July to  
190 ppm at MW-03 in July. At the vapour well (VW-01), concentrations of methane (measured using the GEM) were 
less than the instrument detection limit during most monitoring events in 2021, with the exception of April 2021, 
where a concentration of 0.1% methane was measured. The Guidance Document on Management of Methane Gas 
Adjacent to Landfills (CH2M Gore & Storrie Limited 1999) recommends for soil vapour adjacent to buildings to not 
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exceed a methane concentration of 50,000 ppm if the soil gas pressure is less than 0.249 kPa and 5,000 ppm if the 
soil gas pressure is greater than 5,000 ppm. For the Riverside Heavy site, the methane concentrations at the soil 
vapour probe and groundwater wells are so low that the soil gas pressures in the groundwater wells is considered 
irrelevant. 

Wellhead pressures at VW-01 were negligible during all monitoring events in 2021. Concentrations of carbon 
dioxide, oxygen, and balance gas were consistent between the four monitoring events.   

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

Figure 3 presents the groundwater elevation trends (hydrographs) for the groundwater monitoring wells. These 
figures show groundwater elevations in 2013, 2019, and 2021. Overall, the groundwater elevations in 2021 were 
consistent at all monitoring wells with the elevations from 2013 and 2019. Slight seasonal fluctuations were 
observed in 2021. 

In 2021, the average depths to groundwater in the monitoring wells were 4.92 m below grade (mbg) in April,  
5.09 mbg in July, 5.09 mbg in September, and 5.35 mbg in November. The contoured elevations for the monitoring 
wells suggest the groundwater flow was to the northeast in 2021, which is consistent with the historical inferred flow 
direction. The inferred groundwater flow directions are shown on Figure 4 to Figure 7. The average horizontal 
gradient in 2021 was 0.07 m/m. 

5.0 EVALUATION OF SITE CONDITIONS  

5.1 Summary of Site Conditions 
A review of the mitigative measures from the 2014 risk management plan (Tiamat 2014b) that was originally 
completed for the 2019 groundwater and soil vapour monitoring report is included in Appendix B. 

As summarized in the 2019 groundwater and soil vapour monitoring report, based on the evaluation of 2019 
groundwater quality data and historical groundwater quality data for the site, some leachate impact is evident at 
MW-02 (northeast) and MW-03 (east) as demonstrated by measured concentrations of typical leachate indicator 
parameters like ammonia and chloride. However, there is no evidence that there are significant groundwater quality 
concerns related to the former landfill operations at Riverside Heavy. Groundwater flow conditions at the site in 
2021 were consistent with conditions in 2013 and 2019. 

Based on the 2019 results of the soil vapour sampling, there was little indication that the soil vapour pathway will 
pose a hazard to receptors2. In 2021, the soil vapour monitoring results at vapour monitoring well VW-01 indicate 
that concentrations of methane were less than the instrument detection limit during most monitoring events, with 
the exception of April 2021, where a concentration of 0.1% (1,000 ppm) methane was measured. Methane 
headspace concentrations at the down-gradient monitoring wells (MW-02 and MW-03) were of a similar order of 
magnitude in 2021 with the highest concentration measured being 190 ppm at MW-03 in July. Based on the 2021 
and prior vapour monitoring results, the measured headspace methane concentrations are not interpreted to be of 
concern relative to the adjacent commercial buildings. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of the 2021 monitoring program are consistent with the results of the previous monitoring programs at 
the Riverside Heavy site in 2013 and 2019. Key findings of the 2021 monitoring program include the following: 

 During the four monitoring events in 2021, methane headspace concentrations at the groundwater monitoring 
wells (including along the east site perimeter) were relatively low, ranging from less than the instrument 
detection limit at MW-02 in July to 190 ppm at MW-03 in July. Concentrations of methane at the vapour well 
were less than the instrument detection limit during most monitoring events in 2021, with the exception of  
April 2021 where a concentration of 0.1% (1,000 ppm) methane was measured. The methane concentrations 
measured in the monitoring wells headspace in 2021 are not interpreted to be of concern. 

 The groundwater elevations in 2021 indicated that the inferred groundwater flow direction was to the northeast. 
The average horizontal hydraulic gradient at the site is 0.07 m/m. This is consistent with observations made 
historically.   

In the 2019 groundwater and soil vapour monitoring report, Tetra Tech recommended monitoring the headspace 
pressures of the groundwater monitoring wells. However, during project planning it was determined that measuring 
the headspace pressure of the groundwater monitoring wells would not provide additional insight to site impacts as 
historically the screens of all three wells have been partially or fully submerged and would not provide accurate 
pressure measurements. 

The prior monitoring programs identified indications of residual impacts related to the former landfill operations at 
several groundwater monitoring well locations. The 2019 groundwater monitoring program identified that some 
leachate indicator parameter concentrations were elevated in the groundwater at the cross-gradient and  
down-gradient monitoring well locations; however, based on the 2021 monitoring program, the groundwater flow 
direction is well defined and inferred risks to receptors are limited. Therefore, continuing the groundwater monitoring 
program is not warranted.  

Based on the 2019 results of the soil vapour samples, there was little indication that the soil vapour pathway will 
pose a hazard to receptors. The 2021 monitoring of subsurface methane concentrations along the eastern portion 
of the site confirmed that vapour migration is not identified as a significant concern.  

Based upon the results of the 2021 groundwater monitoring program, Tetra Tech provides the following 
recommendations: 

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

 Utilize the revised generic mitigative measures (attached in Appendix B) when evaluating applications for 
development within the setback. 

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

Further to the above recommendations, the site remains an historical landfill. It presently appears to be well 
maintained and capped. The City should review this status on an ongoing basis to ensure that the cover remains 
intact and drainage remains positive; repairs or maintenance should be undertaken as required to maintain the site. 
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7.0 CLOSURE 
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Frans Hettinga at our Calgary office.  
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Table 1:  Monitoring Results - Groundwater Wells
Monitoring Well MW-01 MW-02 MW-03
Total Drilled Depth (m) 14.9 6.1 6.1
Top of Screened Interval (mbg) 11.9 3.1 1.5
Bottom of Screened Interval (mbg) 14.9 6.1 6.1
Stick up (m) 0.75 0.74 0.73
Ground Elevation (m) 871.81 848.56 847.73
TPC Elevation (m) 872.56 849.29 848.47
Depth to Groundwater (mBTPC) Aug-13 9.63 3.99 1.90

May-19 10.53 4.81 1.96

Jun-19 10.43 4.44 2.08

Sep-19 10.49 4.85 2.70

Dec-19 10.37 4.85 2.43

Apr-21 10.03 4.81 2.00

Jul-21 10.12 4.56 2.66

Sep-21 10.35 4.93 2.86

Nov-21 10.34 4.96 2.36

Groundwater Elevation (m) Aug-13 862.93 845.31 846.56

May-19 862.03 844.48 846.50

Jun-19 862.13 844.86 846.39

Sep-19 862.07 844.45 845.77

Dec-19 862.19 844.45 846.04

Apr-21 862.39 844.48 846.46
Jul-21 862.30 844.73 845.81
Sep-21 862.07 844.37 845.60
Nov-21 862.08 844.34 846.10
May-19 ND ND ND

Jun-19 ND ND ND

Sep-19 ND ND ND

Dec-19 ND ND 12

May-19 ND ND ND

Jun-19 ND ND ND

Sep-19 ND ND 65

Dec-19 5 5 5

Apr-21 10 85 75

Jul-21 15 0 190

Sep-21 40 15 65

Nov-21 130 120 50

Notes:
mbg - Metres below grade.
mBTPC - Metres below top of plastic pipe casing.
ppm - Parts per million

**- Measured using an RKI Eagle II calibrated to methane.
ND- non-detect

Combustile Vapour 
Concentrations* (CVCs) (ppm)

Methane Concentrations** (ppm)

Volatile Organic Compounds* 
(VOCs) (ppm)

*- Measured using an RKI Eagle II calibrated to hexane (CVCs) and isobutylene (VOCs) and operated in 
methane elimination mode.

Table 1 - Groundwater Monitoring Results.xls 1
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Table 2:  Monitoring Results - Soil Vapour Well

Aug-13 May-19 Jun-19 Sep-19 Dec-19 Apr-21 Jul-21 Sep-21 Nov-21

Pressure (kPa)1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CH4 (%) 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0

CO (ppm)2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CO2 (%) 7.0 6.7 6.5 7.0 9.3 7.3 9.2 11.4 11.4
O2 (%) 14.2 11.9 12.3 12.9 11.1 11.8 10.4 8.6 10.1
Balance (% v/v) 78.8 81.5 81.2 80.1 79.4 80.8 80.4 80.0 78.6

Static Water Level (mbtoc)3 Dry Dry Dry Dry Dry Dry Dry Dry
Depth to Bottom (m) 7.30 4.60 4.59 4.58 4.71 4.66 4.66 4.46 4.58
Stick up (m) 0.70 0.70 0.79 0.87 0.82 0.84 0.83 0.81

Notes:
1 Kpa - Kilopascal.
2 ppm - Parts per million.
3 mbtoc - Meters below top of casing.

N/A - Not applicable - well can not be accessed to obtain measurement.

Parameter VW-01

Gas Well

Table 2 - Soil Vapour Monitoring Results.xls 1
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FIGURES 
 

 

Figure 1 Site Location Plan 

Figure 2 Site Plan and Surrounding Land Use 

Figure 3 Historical Groundwater Elevations (Groundwater Monitoring Wells) 

Figure 4 Groundwater Elevation Contours – April 2021 

Figure 5 Groundwater Elevation Contours – July 2021 

Figure 6 Groundwater Elevation Contours – September 2021 

Figure 7 Groundwater Elevation Contours – November 2021 

 



Q
:\E

dm
on

to
n\

G
IS

\S
O

LI
D

_W
AS

TE
\S

W
O

P\
S

W
O

P
04

07
1-

02
\M

ap
s\

Ta
sk

00
6\

S
W

O
P

04
07

1-
02

_F
ig

ur
e1

_S
ite

Lo
ca

tio
n.

m
xd

 m
od

ifi
ed

 2
02

2-
06

-1
4 

by
 s

te
ph

an
ie

.le
us

in
k

PROJECT NO.

OFFICE

FILE NO.

PROJECTION

DWN

DATUM

DATE

CKD REV

CLIENT

APVD

Figure 1

_̂
Red

Deer
River

Hw
y 

2

G
ae

tz
 A

ve

67 St

77 St

50 St

30
 A

ve

4-39-27-W4 3-39-27-W4 2-39-27-W4 1-39-27-W4

26-38-27-W4

17-38-27-W418-38-27-W4 15-38-27-W4 14-38-27-W4

23-38-27-W4

35-38-27-W4

19-38-27-W4

32-38-27-W4

21-38-27-W4

33-38-27-W431-38-27-W4

28-38-27-W4

22-38-27-W4

16-38-27-W4

20-38-27-W4

29-38-27-W430-38-27-W4 27-38-27-W4

34-38-27-W4

5-39-27-W4 6-39-26-W4

24-38-27-W4

13-38-27-W4

36-38-27-W4

25-38-27-W4

9-39-27-W4

9-38-27-W48-38-27-W4

11-39-27-W4 12-39-27-W4

7-38-27-W4

10-39-27-W4

11-38-27-W410-38-27-W4

8-39-27-W4 7-39-26-W4

12-38-27-W4

Waskasoo C reek
860

87
0

880

89
0

850

900

910

92
0

840

830

89
0

870

880
880

88
0

880

890

870

900

880
890

860

880

88
0

880

880

870

850

880

890

880

88
0

890

900

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

Site Location Plan

NAD833TM 114

1 0 10.5

Kilometres

June 14, 2022

0

©

LEGEND
_̂ Site Location

Highway

Main Road

Local Road

Resource/Recreational Road

Railway

Power Line

Building

Park

Residential Area

Contour (10 m)

Watercourse

Waterbody

Wooded Area

Urban Area

NOTES
Base data source: CanVec 1:50,000.

MRVSL

STATUS

Scale: 1:50,000

RM

ISSUED FOR USE SWM.SWOP04071-02.006

Tt-EDM

SWOP04071-02_Figure1_SiteLocation.mxd

R E D  D E E R

Site Location



Q:\Edmonton\GIS\SOLID_WASTE\SWOP\SWOP04071-02\Maps\Task006\SWOP04071-02_Figure2_LandUse.mxd modified 2022-06-14 by stephanie.leusink

PROJECTION DATUM

FILE NO.

CLIENT OFFICE DWN CKD APVD REV

DATE PROJECT NO.

LEGEND
#O< Monitoring Well

#O!(V Vapour Well

Historic Waste Disposal (Provided by Tiamat,

Municipal Sanitary Waste Area (Provided by Tiamat, 2014)

Site Boundary

Lot Boundary

Utilities
Electrical

Sanitary

Storm

Water

NOTES
Base data source: Imagery provided
by ESRI; City of Red Deer (2020)
Roads from City of Red Deer Open
Data, 2018
Utilities provided by City of Red Deer.
Locations have not been field verified,
and should not be used for
construction or other intrusive field
activities.

STATUS
ISSUED FOR USE

Scale: 1:3,500

80 0 8040

Metres

3TM 114 NAD83

SWM.SWOP04071-02.006

SL MRV RM 0

June 14, 2022

Tt-EDM Figure 2

Site Plan and
Surrounding Land Use

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

#O<

#O<

#O<
#O!(V

Northlands Industrial Park Red Deer Fire
Training Centre

C o m m e r c i a l
Canadian National Spur Line

48
 A

ve

78 St C
r

Northland Dr

78A St Cl

VW-01
MW-03

MW-02

MW-01

13150

13150

13300

13300

13450

13450

13600

13600

13750

13750

13900

13900

57
97

20
0

57
97

20
0

57
97

35
0

57
97

35
0

57
97

50
0

57
97

50
0

©

SWOP04071-02_Figure2_LandUse.mxd



 2021 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT – RIVERSIDE HEAVY
 FILE: 704-SWM.SWOP04071-02.006 | JUNE 2022 | ISSUED FOR USE

Figure 3 - MW Hydrographs.xlsx

840.0

845.0

850.0

855.0

860.0

865.0

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

G
ro

u
n

d
w

at
er

 E
le

va
ti

o
n

 (
m

)

Date

FIGURE 3
HISTORICAL GROUNDWATER ELEVATIONS 

(GROUNDWATER MONITORING WELLS)

MW-01

MW-02

MW-03



Q:\Edmonton\GIS\SOLID_WASTE\SWOP\SWOP04071-02\Maps\Task006\SWOP04071-02_Figure4_GW_Apr2021.mxd modified 2022-06-14 by stephanie.leusink

PROJECTION DATUM

FILE NO.

CLIENT OFFICE DWN CKD APVD REV

DATE PROJECT NO.

LEGEND
#O< Monitoring Well

#O!(V Vapour Well

,

Inferred Groundwater Flow Direction

Groundwater Elevation Contour (2 masl)

Groundwater Elevation (masl)

NOTES
Base data source: Imagery provided by
ESRI; City of Red Deer (2020)
Roads from City of Red Deer Open Data, 2018
masl - metres above sea level

STATUS
ISSUED FOR USE

Scale: 1:2,500

50 0 5025

Metres

3TM 114 NAD83

SWM.SWOP04071-02.006

SL MRV RM 0

June 14, 2022

Tt-EDM Figure 4

Groundwater Elevation Contours
April 2021

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

,
#O<

#O<

#O<
#O!(V

78 St C
r

Northland Dr

78A St Cl

848

846

850
852

854
856858

860

MW-03
(846.46)

MW-02
(844.48)

MW-01
(862.39)

VW-01

13300

13300

13400

13400

13500

13500

13600

13600

13700

13700

13800

13800

13900

13900

57
97

20
0

57
97

20
0

57
97

30
0

57
97

30
0

57
97

40
0

57
97

40
0

57
97

50
0

57
97

50
0©

SWOP04071-02_Figure4_GW_Apr2021.mxd

(8XX.XX)

LEGEND
Historic Waste Disposal
(Provided by Tiamat, 2014)

Municipal Sanitary Waste Area
(Provided by Tiamat, 2014)

Road



Q:\Edmonton\GIS\SOLID_WASTE\SWOP\SWOP04071-02\Maps\Task006\SWOP04071-02_Figure5_GW_July2021.mxd modified 6/14/2022 by stephanie.leusink

PROJECTION DATUM

FILE NO.

CLIENT OFFICE DWN CKD APVD REV

DATE PROJECT NO.

LEGEND
#O< Monitoring Well

#O!(V Vapour Well

,

Inferred Groundwater Flow Direction

Groundwater Elevation Contour (2 masl)

Groundwater Elevation (masl)

NOTES
Base data source: Imagery provided by
ESRI; City of Red Deer (2020)
Roads from City of Red Deer Open Data, 2018
masl - metres above sea level

STATUS
ISSUED FOR USE

Scale: 1:2,500

50 0 5025

Metres

3TM 114 NAD83

SWM.SWOP04071-02.006

SL MRV RM 0

June 14, 2022

Tt-EDM Figure 5

Groundwater Elevation Contours
July 2021

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

,
#O<

#O<

#O<
#O!(V

78 St C
r

Northland Dr

78A St Cl

846

848

850

852

854
856858

860

MW-03
(845.81)

MW-02
(844.73)

MW-01
(862.30)

VW-01

13300

13300

13400

13400

13500

13500

13600

13600

13700

13700

13800

13800

13900

13900

57
97

20
0

57
97

20
0

57
97

30
0

57
97

30
0

57
97

40
0

57
97

40
0

57
97

50
0

57
97

50
0©

SWOP04071-02_Figure5_GW_July2021.mxd

(8XX.XX)

LEGEND
Historic Waste Disposal
(Provided by Tiamat, 2014)

Municipal Sanitary Waste Area
(Provided by Tiamat, 2014)

Road



Q:\Edmonton\GIS\SOLID_WASTE\SWOP\SWOP04071-02\Maps\Task006\SWOP04071-02_Figure6_GW_Sept2021.mxd modified 6/14/2022 by stephanie.leusink

PROJECTION DATUM

FILE NO.

CLIENT OFFICE DWN CKD APVD REV

DATE PROJECT NO.

LEGEND
#O< Monitoring Well

#O!(V Vapour Well

,

Inferred Groundwater Flow Direction

Groundwater Elevation Contour (2 masl)

Groundwater Elevation (masl)

NOTES
Base data source: Imagery provided by
ESRI; City of Red Deer (2020)
Roads from City of Red Deer Open Data, 2018
masl - metres above sea level

STATUS
ISSUED FOR USE

Scale: 1:2,500

50 0 5025

Metres

3TM 114 NAD83

SWM.SWOP04071-02.006

SL MRV RM 0

June 14, 2022

Tt-EDM Figure 6

Groundwater Elevation Contours
September 2021

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

,
#O<

#O<

#O<
#O!(V

78 St C
r

Northland Dr

78A St Cl

846

848

850
852

854
856

858

860

MW-03
(845.60)

MW-02
(844.37)

MW-01
(862.07)

VW-01

13300

13300

13400

13400

13500

13500

13600

13600

13700

13700

13800

13800

13900

13900

57
97

20
0

57
97

20
0

57
97

30
0

57
97

30
0

57
97

40
0

57
97

40
0

57
97

50
0

57
97

50
0©

SWOP04071-02_Figure6_GW_Sept2021.mxd

(8XX.XX)

LEGEND
Historic Waste Disposal
(Provided by Tiamat, 2014)

Municipal Sanitary Waste Area
(Provided by Tiamat, 2014)

Road



Q:\Edmonton\GIS\SOLID_WASTE\SWOP\SWOP04071-02\Maps\Task006\SWOP04071-02_Figure7_GW_Nov2021.mxd modified 6/14/2022 by stephanie.leusink

PROJECTION DATUM

FILE NO.

CLIENT OFFICE DWN CKD APVD REV

DATE PROJECT NO.

LEGEND
#O< Monitoring Well

#O!(V Vapour Well

,

Inferred Groundwater Flow Direction

Groundwater Elevation Contour (2 masl)

Groundwater Elevation (masl)

NOTES
Base data source: Imagery provided by
ESRI; City of Red Deer (2020)
Roads from City of Red Deer Open Data, 2018
masl - metres above sea level

STATUS
ISSUED FOR USE

Scale: 1:2,500

50 0 5025

Metres

3TM 114 NAD83

SWM.SWOP04071-02.006

SL MRV RM 0

June 14, 2022

Tt-EDM Figure 7

Groundwater Elevation Contours
November 2021

2021 GROUNDWATER AND SOILVAPOUR MONITORING REPORTRIVERSIDE HEAVY DRY WASTE

,
#O<

#O<

#O<
#O!(V

78 St C
r

Northland Dr

78A St Cl

846

848
850

852

854
856858

860

MW-03
(846.10)

MW-02
(844.34)

MW-01
(862.08)

VW-01

13300

13300

13400

13400

13500

13500

13600

13600

13700

13700

13800

13800

13900

13900

57
97

20
0

57
97

20
0

57
97

30
0

57
97

30
0

57
97

40
0

57
97

40
0

57
97

50
0

57
97

50
0©

SWOP04071-02_Figure7_GW_Nov2021.mxd

(8XX.XX)

LEGEND
Historic Waste Disposal
(Provided by Tiamat, 2014)

Municipal Sanitary Waste Area
(Provided by Tiamat, 2014)

Road



 2021 GROUNDWATER AND SOIL VAPOUR MONITORING REPORT – RIVERSIDE HEAVY DRY WASTE SITE 
 FILE: 704-SWM.SWOP04071-02.006 | JUNE 14, 2022 | ISSUED FOR USE 
 

  
 
 
2021 Groundwater and Soil Vapour Monitoring Report - Riverside Heavy.docx 

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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1.0 SITE HISTORY 

Municipal records indicate that waste disposal at the site occurred between 1991 and 2007 (approximately  
16 years). This would indicate that the estimated age of the waste material would be approximately 13 to 29 years 
old. The findings from the Phase II environmental site assessment (ESA) completed in 20141 confirmed that the 
waste material at the site consisted of construction material (wires, plastics, brick, asphalt, concrete, glass, and 
wood) and municipal solid waste (MSW). The former landfill is closed and inactive.  

Historical waste disposal was identified during the Phase II ESA to be situated beneath the east facing slope of the 
hill. The waste disposal of asphalt and concrete was used for slope stabilization. The western portion of the site is 
approximately 30 m higher than the eastern portion.  

Results of the Phase II ESA conducted by Tiamat Environmental Consultants Ltd. (Tiamat) indicate that surface 
material of sod and loam was overlying the buried waste material. The sod and loam varied between 15 cm and  
45 cm in depth. The MSW contained fill soil consisting of sand, silt, and clay, located below the sod to a depth of 
approximately 7.6 m below grade (mbg). Native clay was encountered underlying the MSW in the south and clay 
fill was underneath in the north, east, and west. Siltstone bedrock was encountered at MW-02 in the north. 

The Phase II ESA suggested mild strength constituents from leachate are present in the groundwater. Initial 
assessments of landfill gas (LFG) showed the concentrations of soil gas constituents to be low with no notable 
concern for the environmental quality of the subsurface soil vapour.  

2.0 HISTORICAL GROUNDWATER MONITORING AND INVESTIGATION 
SUMMARY 

Previous reports prepared by Tiamat for the site include the following: 

 Phase I Environmental Site Assessment, Historic Waste Disposal Site, Riverside Heavy Dry Waste Site, The 
City of Red Deer.  September 24, 20132. 

 Phase II Environmental Site Assessment, Historic Waste Disposal Site, Riverside Heavy Dry Waste Site, The 
City of Red Deer.  February 26, 20141. 

 Environmental Risk Management Plan, Historic Waste Disposal Sites, Riverside Heavy Dry Waste Site, The 
City of Red Deer.  November 25, 20143. 

Nine testholes (TH-01 to TH-09) were advanced in July 2013 as part of the Phase II ESA. One vapour well  
(VW-01) and three monitoring wells (MW-01, MW-02, and MW-03) were installed. 

The results of the Phase II ESA conducted by Tiamat in 2014 indicated the following: 

 Waste was encountered at several testholes across the site through the fill material. 

 
1  Tiamat Environmental Consultants Ltd.  2014.  Phase II Environmental Site Assessment, Historic Waste Disposal Site, Riverside Heavy Dry 

Waste, The City of Red Deer.  February 26, 2014. 
2  Tiamat Environmental Consultants Ltd.  2013.  Phase I Environmental Site Assessment, Historic Waste Disposal Site, Riverside Heavy Dry 

Waste, The City of Red Deer.  September 24, 2013. 
3  Tiamat Environmental Consultants Ltd.  2014.  Environmental Risk Management Plan, Historic Waste Disposal Sites, Riverside Heavy Dry 

Waste, The City of Red Deer.  November 24, 2014. 
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 Groundwater analytical results showed concentrations of routine parameters and metals greater than the 
referenced Alberta Tier 1 Soil and Groundwater Remediation Guidelines4. 

 Groundwater has been impacted by mild strength leachate constituents. 

 Soil vapour analytical results showed trace amounts of volatile organic compounds (VOCs) and siloxanes at 
VW-01. 

The recommendations of the program were as follows, as identified in the Phase II ESA1: 

 Continue to monitor groundwater elevations and soil vapour data quarterly for one hydrogeological cycle. 

 If groundwater conditions on site change, the water quality at the slough should be monitored. 

 Collect an additional set of soil vapour and groundwater analytical data, groundwater elevations, and volatile 
headspace measurements during the winter months to determine seasonal changes in soil vapour 
concentrations. 

 Create a risk management plan (RMP) that outlines the environmental issues of the site and future land use. 

 Review any available data to update the RMP. 

The recommendations of the RMP completed by Tiamat3 included the following: 

 Information in the preliminary quantitative risk assessment (PQRA) should be updated as new site information 
is obtained. 

 A review of the RMP should be completed when the PQRA information is updated, if there are changes to the 
chemicals of potential concern (COPCs). 

 The RMP should be reviewed and updated at five-year intervals. 

3.0 SITE SETTING 

The following section presents an overview of the regional and local setting for the site. 

3.1 Geology 

The following sections summarize the regional and local geology. 

3.1.1 Geological Setting and Stratigraphy 

The City and site are located within the Red Deer River drainage basin with principal drainage via the  
Red Deer River located east of the site. The Red Deer River has incised the uplands with gentle slopes to the east 
and west of the river in the vicinity of the site. 

The geology in the river valley is characterized by fluvial surficial sediments deposited by the Red Deer River, 
overlying shale and sandstone bedrock of the Paskapoo Formation. The uplands at the west of the site comprise 

 
4  Alberta Environment and Parks.  2019.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Land Policy Branch, Policy and 

Planning Division.  198 pp.  
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undivided ice-contact lacustrine and fluvial deposits, of gravel, sand, silt, clay, and local till. These deposits are 
described as being up to 25 m thick5. The fluvial deposits to the east comprise gravel, sand, with minor silt beds. 

Key elements of the geological setting are presented below from Tiamat’s 2013 Phase I Report2: 

“The fertile black soil in the region (Penhold Loam) is of alluvial lacustrine origin. The Penhold Loam is a well-
drained fine sandy loam classified as Chernozemic. It is generally stone free and in natural areas, is typically 1.5 m 
thick, more or less. 

The Quaternary deposits consist of drift deposits of clay, silt, gravel and sand. Published information indicates the 
banks of the Red Deer River comprise of dirty gravel with thickness ranging from 6 to 12 m, more or less.  

Terrace gravels hydraulically connected to the Red Deer River are a known resource of groundwater. Surficial soils 
comprise largely of poorly to moderately sorted sand, silt and gravel with a varying amount of clay. The fluvial 
sediments generally have obscure bedding planes. Medium to coarse sized gravel with cross-bedded sand have 
been documented. 

The Tertiary bedrock consists of sequences of alternating shales and sandstones of the Paskapoo Formation. The 
Paskapoo Formation underlies the gravel sediments. This non-marine bedrock is composed of mudstone, siltstone 
and sandstone. The formation of the Rocky Mountains subjected the Paskapoo Formation to a regional stress-
induced fracture pattern.” 

3.1.2 Local Geology 

Based on the Phase II ESA results, Riverside Heavy consisted of fill material up to 7 m, consisting of a mixture of 
vegetation, clay, sand, and loam, overlying a native clay. Testholes with observed waste encountered debris up to 
a maximum depth of 10 m in the central portion of the site. Waste material was situated on top of a native clay and 
sand layer, overlying a siltstone bedrock at the bottom of the slope, located at 4.6 m depth at MW02. Bedrock was 
not encountered at the testholes on or at the top of the slope. 

3.2 Hydrogeology 

The following sections summarize the regional and local hydrogeology. 

3.2.1 Regional Hydrogeology 

The regional hydrogeology is most influenced by the presence of the river sediments situated within the valley along 
the Red Deer River and a bedrock valley trending north-northeast in the vicinity of the site. 

Key elements of the hydrogeological setting are presented below from Tiamat’s 2013 Phase I Report2: 

“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 (Mackenzie 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 located approximately 1.4 km east of the site; however, the width of the valley is 
not defined. 

 
5  Shetsen, I.  1990.  Quaternary Geology, Central Alberta.  Alberta Research Council. 
6  Andriashek, L. comp.  2018.  Thalwegs of Bedrock Valleys, Alberta (GIS data, line features); Alberta Energy Regulator, AER/AGS Digital 

Data 2018-0001. 
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“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; therefore, seasonal changes in the 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 site slopes to the east and has greater than 30 m in elevation change from the top to the bottom. A slough 
exists at the south boundary of the site. The Red Deer River flows northwesterly in the area and is located 
approximately 700 m east of the site and 600 m north of the site. Shallow groundwater is assumed to flow towards 
the river. 

3.3 Groundwater Resource Usage 

A search of the Alberta Water Well Database for groundwater users within a 1 km radius of the site identified  
23 groundwater wells, 5 of the wells are listed as domestic use, 1 is listed as domestic and stock use, 10 are listed 
as industrial use, 2 as “other”, and 5 are listed as unknown use7.   

The nearest water well is located approximately 200 m southeast of the site. The well use is listed as “other”. The 
depths of water wells within a 1 km radius of the site range from 9 m to 195 m. The status and use of the surrounding 
groundwater wells were not confirmed and they were not field verified. 

The 2014 RMP presented a proposed site-specific environmental risk management plan as a tool to assist with the 
review of future subdivision applications on lands lying within the regulated setback distance from the site (300 m).  
The focus was on potential ingress of soil gas for COPCs with a hazard quotient (HQ) greater than 1.0.  Residential 
land use was considered most sensitive, and exposure ratings for other land uses (e.g. school, public institutions, 
commercial complexes) were considered to not be greater than residential; however, unique exceptions would have 
to be reviewed and addressed on a site-specific basis (Tiamat, 2014).  Further, underground utility workers and 
subsurface utility infrastructure were considered relevant to potential exposure. 

The RMP applied a 10x factor of safety to the HQs to address uncertainties. HQs from the RMP ranged up to  
567 (including the 10x factor of safety).  Based on these, the RMP then provided recommended generic mitigative 

 
7  Alberta  Environment  and  Parks.  2019.   Water  Well  Database.  Information  obtained http://www.telusgeomatics.com/tgpub/ag_water/. 
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measures based on the calculated HQs, ranging from passive to active measures, recognizing that the ultimate 
approach would require a design professional for the proposed development.  

Following the 2014 RMP, CCME released the document “A Protocol for the Derivation of Soil Vapour Quality 
Guidelines for Protection of Human Exposures Via Inhalation of Vapours” (CCME 2014), designed to provide 
guidance for developing site-appropriate soil vapour quality guidelines. The guidelines developed using the 
methods outlined in the CCME document were used for this current study and are included with the vapour sampling 
results in Table 4. HQs were calculated using estimated dose (based on concentrations measured at the site) and 
divided by tolerable daily intake. Soil vapour concentrations from the Phase II ESA conducted in 2013 were not 
compared to soil vapour quality guidelines, however spot checks of five target compounds with the highest HQs in 
the 2013 work (benzene, toluene, ethylbenzene, chloromethane, and chloroform) identified that none of the 2013 
concentrations would have unacceptable HQs using the updated CCME methodology.  

4.0 REVIEW OF MITIGATIVE MEASURES FROM RISK MANAGEMENT 
PLAN 

The following section is a review of the 2014 RMP3 for the site that was completed by Tiamat. The review of the 
2014 RMP was completed for the 2019 groundwater and soil vapour monitoring report8. 

The 2014 RMP was prepared concurrent to RMPs at several other former City landfills, and a common set of 
mitigative measures was applied based on the HQs. Subsequent to the 2014 RMP and to the release of the CCME 
Protocol document, The City undertook additional assessment at another former City Landfill9 (Montfort); as part of 
that work, their consultant XCG Consulting Limited (XCG) revised the 2014 RMP criteria ranges for each generic 
mitigative measure category to include a Cancer Risk range to allow comparison of the 2014 RMP ranges with the 
HQ and Cancer Risks calculated by XCG.  From that work, XCG identified the following generic mitigative measures 
for developments within a 300 m setback of these landfills (based on Tiamat 2014), and these have been adopted 
for this site: 

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. 

 

 
8  Tetra Tech Canada Inc.  2020.  2019 Groundwater and Soil Vapour Monitoring Report – Riverside Heavy Dry Waste Site. Prepared for  

The City of Red Deer.  October 2020.  Project Number: 704-SWM.SWOP04071-01.007. 
9  XCG Consulting Limited.  2018.  Vapour Intrusion Assessment and Environmental Monitoring Report, prepared for the City of Red Deer’s 

Montfort Landfill. 
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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. 

For consistency with XCG’s approach from 2017, we compared individual HQs with the individual target hazard 
level (0.2). Based on the 2019 program, the greatest individual HQ calculated for the site was 0.0008  
(vs the individual target hazard level of 0.2) and the greatest estimated cancer risk was 3.4 x 10-8 (vs target Risk of 
1.0 x 10-5). While development at the site is not currently proposed, for illustrative purposes, based on these HQs 
and cancer risk levels calculated from the 2019 vapour data, no passive or active measures would be required for 
the site. It is noted that even if the 10x factor of safety is applied, mitigative measures would still not be required. 
Similarly, with cumulative risks and HQs the same conclusion can be drawn. The assumptions made in the 
calculations of HQs and cancer risk above are inherently conservative; therefore, applying a factor of safety is not 
needed. 

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; 
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.  
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Soil Vapour and Groundwater Monitoring Well Elevations
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=caVigh]V`Y!jUdcif!gYbgcf!WU`]VfUhYX!hc!\YlUbY!UbX!d\chc]cb]nUh]cb!XYhYWhcf!WU`]VfUhYX!hc!]gcVihm`YbY+

/& H;!*!Hch!;dd`]WUV`Y+

0& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!]bghfiaYbh!XYhYWh]cb+

1& *!*!Hc!jU`iY!YghUV`]g\YX+

(m) 08/17/2013

Table 2

Site Monitoring Results

Elevation Groundwater Elevation Headspace Vapour
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J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Detection Class II Landfill

Limit 1 of 3 2 of 3 3 of 3 Acceptance Criteria

dB -+.- 5+1/ 4+6- 4+41 /*./+2

@`Ug\!Jc]bh!%q=& 0-+- 942 942 942 93.

JU]bh!@]`hYf!NYgh * J;MM J;MM J;MM J;MM

NchU`!=UfVcb!Vm!=caVigh]cb -+. 0+2 /+5 .+5 *!*

NchU`!If[Ub]W!=UfVcb -+.- -+53 .+66 -+51 *!*

TCLP Hydrocarbons

<YbnYbY -+--2- H> H> H> -+2

Nc`iYbY -+--2- H> H> H> -+2

?h\m`VYbnYbY -+--2- H> H> H> -+2

Rm`YbYg -+--2- H> H> H> -+2

TCLP Leachable Metals

;bh]acbm!%MV& 2+- H> H> H> 2--

;fgYb]W!%;g& -+/- H> H> H> 2

<Uf]ia!%<U& 2+- H> H> H> .--

<Yfm``]ia!%<Y& -+2- H> H> H> 2

<cfcb!%<& 2+- H> H> H> 2--

=UXa]ia!%=X& -+-2- H> H> H> .

=\fca]ia!%=f& -+2- H> H> H> 2

=cVU`h!%=c& 2+- H> H> H> .--

=cddYf!%=i& 2+- H> H> H> .--

Table 3A

Analytical Results - Soil - Drill Cuttings (Soil Bag)
Parameter Soil Bag

dd % &

Cfcb!%@Y& 2+- H> H> H> .)---

FYUX!%JV& -+2- H> H> H> 2

GYfWifm!%B[& -+-.- H> H> H> -+/

H]W_Y`!%H]& -+2- H> H> H> 2

MY`Yb]ia!%MY& -+/- H> H> H> .

M]`jYf!%;[& -+2- H> H> H> 2

N\U``]ia!%N`& -+2- H> H> H> 2

OfUb]ia!%O& .+- H> H> H> /

PUbUX]ia!%P& 2+- H> H> H> .--

T]bW!%Tb& 2+- H> H> H> 2--

T]fWcb]ia!%Tf& 2+- H> H> H> 2--

HchYg7

.& =`Ugg!CC!FUbXZ]``!;WWYdhUbWY!=f]hYf]U!*!dYf!NUV`Y!/)!JUfh!1!MW\YXi`Y!hc!h\Y!;`VYfhU!OgYf!Ai]XY!Zcf!QUghY!

GUbU[Yfg!0,62+!;dd`]WUV`Y!kUghY!gWfYYb]b[!Zcf!N\Y!=]hm!cZ!LYX!>YYf!=`Ugg!CC!QUghY!GUbU[aYbh!@UW]`]hm+

/& ;``!ib]hg!UfY!a[,F!ib`Ygg!ch\Yfk]gY!ghUhYX+

0& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

1& *!*!Hc!jU`iY!YghUV`]g\YX+

2& Mc]`!VU[g!kYfY!gUad`YX!cb!@f]XUm)!DibY!/5)!MUhifXUm)!DibY!/6!UbX!QYXbYgXUm)!Di`m!.-)!/-.0+

3& @cf!Zifh\Yf!]bZcfaUh]cb)!fYZYf!hc!h\Y!gdYW]Z]W!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Unit Detection TH-01 TH-03 TH-06 TH-06 TH-08 TH-09 Tier 1

Limit @ 13.1 m @ 5.5 m @ 12.8 - 13.4 m @ 17.7 m @ 4.6 m @ 4.6 m Guideline

=\`cf]XY!%=`& a[,_[ 0+4!*!.3 H> /6 H> H> /- /3 *!*

H]hfUhY*H a[,_[ -+.6!*!-+5-! H> H> H> H> H> H> *!*

H]hf]hY*H a[,_[ -+.6!*!-+5- H> H> H> H> H> H> *!*

Metals

;bh]acbm!%MV& a[,_[ -+/- H> -+03 -+00 -+1- -+35 -+25 1-

;fgYb]W!%;g& a[,_[ -+/- .+53 2+52 .2+6- 3+21 6+/1 3+65 /3

<Uf]ia!%<U& a[,_[ 2+- 21+1 //0 60+2 /.0 4/5 0.2 /)---

<Yfm``]ia!%<Y& a[,_[ .+- H> H> H> H> H> H> 5

=UXa]ia!%=X& a[,_[ -+2- H> H> H> H> H> H> //

=\fca]ia!%=f& a[,_[ -+2- 2+43 .5+3 .6+3 .5+3 /0+/ 0-+/ 54

=cVU`h!%=c& a[,_[ .+- /+/ 4+0 4+3 4+1 3+4 6+6 0--

=cddYf!%=i& a[,_[ /+- 0+4 .3+1 .-+/ .2+5 .4+4 /0+- 6.

FYUX!%JV& a[,_[ 2+- H> 5+1 4+1 5+4 .-+6 ..+/ /3-

GYfWifm!%B[& a[,_[ -+-2- H> H> H> H> H> H> /1

Gc`mVXYbia!%Gc& a[,_[ .+- H> H> H> .+. 4 1+6 1-

H]W_Y`!%H]& a[,_[ /+- 2+4 /.+. //+5 /-+/ /0+6 0/+. 2-

MY`Yb]ia!%MY& a[,_[ -+2- H> H> H> H> H> H> /+6

M]`jYf!%;[& a[,_[ .+- H> H> H> H> H> H> 1-

N\U``]ia!%N`& a[,_[ -+2- H> H> H> H> H> H> .+-

Table 3B

Analytical Results - Soil - General Indices and Heavy Metals

Parameter

12/07/13 07/13/2013

N]b!%Mb& a[,_[ /+- H> H> H> H> H> H> 0--

OfUb]ia!%O& a[,_[ /+- H> H> H> H> H> H> 00

PUbUX]ia!%P& a[,_[ .+- 5+1 /6+/ /.+6 0.+. 0-+2 06+. .0-

T]bW!%Tb& a[,_[ .- .2 25 32 23 34 43 03-

BYlUjU`Ybh!=\fca]ia a[,_[ -+.- H> H> H> H> H> H> .+1

<cfcb!%<&)!Bch!QUhYf!?lh+ a[,_[ -+.- -+/. -+./ -+// -+54 -+1/ -+3/ /

HchYg7

.& N]Yf!.!Ai]XY`]bY!*!;`VYfhU!N]Yf!.!Mc]`!UbX!AfcibXkUhYf!LYaYX]Uh]cb!Ai]XY`]bYg)!>YWYaVYf!/-.-

UbX!UaYbXaYbhg+!=cUfgY*[fU]bYX!Wf]hYf]U!Zcf!]bXighf]U`,WcaaYfW]U`!`UbX!igY+

/& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

0& !*!*!!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!fYZYfYbWY!Wf]hYf]U+

1& <c`X!$!M\UXYX!*!?lWYYXg!h\Y!fYZYfYbWYX!;`VYfhU!N]Yf!.!Ai]XY`]bY+

2& @cf!Zifh\Yf!`UVcfUhcfm!]bZcfaUh]cb)!fYZYf!hc!h\Y!gdYW]Z]W!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Detection TH-01 TH-03 TH-06 TH-06 TH-08 TH-09 Tier 1

Limit @ 13.1 m @ 5.5 m @ 12.8 - 13.4 m @ 17.7 m @ 4.6 m @ 4.6 m Guideline

Hydrocarbons

@.!%=3*=.-& .- H> H> H> H> H> H> /4-

@/!%=.-*=.3& /2 H> H> H> H> H> H> /3-

@0!%=.3*=01& 2- H> H> H> /4. H> H> .)4--

@1!%=01*=2-& 2- H> H> H> .15 H> H> 0)0--

NchU`!BmXfcWUfVcbg!%=3*=2-& 2- H> H> H> 1.6 H> H> *!*

Volatile Organic Compounds

<YbnYbY -+--2- H> H> H> H> H> H> -+-45

<fcacVYbnYbY -+-.- H> H> H> H> H> H> *!*

<fcacW\`cfcaYh\UbY -+-.- H> H> H> H> H> H> *!*

<fcacX]W\`cfcaYh\UbY -+-.- H> H> H> H> H> H> *!*

<fcacZcfa -+-.- H> H> H> H> H> H> *!*

<fcacaYh\UbY -+.- H> H> H> H> H> H> *!*

b*<ihm`VYbnYbY -+-.- H> H> H> H> H> H> *!*

< h `V - -.- H> H> H> H> H> H>

Table 3C

Analytical Results - Soil - VOCs

Parameter

12/07/13 07/13/2013

gYW*<ihm`VYbnYbY -+-.- H> H> H> H> H> H> *!*

hYfh*<ihm`VYbnYbY -+-.- H> H> H> H> H> H> *!*

=UfVcb!hYhfUW\`cf]XY -+-.- H> H> H> H> H> H> -+--35

=\`cfcVYbnYbY -+-.- H> H> H> H> H> H> -+//

>]VfcacW\`cfcaYh\UbY -+-.- H> H> H> H> H> H> .+2

=\`cfcYh\UbY -+.- H> H> H> H> H> H> *!*

=\`cfcZcfa -+-.- H> H> H> H> H> H> -+--0

=\`cfcaYh\UbY -+.- H> H> H> H> H> H> *!*

/*=\`cfchc`iYbY -+-.- H> H> H> H> H> H> *!*

1*=\`cfchc`iYbY -+-.- H> H> H> H> H> H> *!*

.)/*>]Vfcac*0*W\`cfcdfcdUbY -+-.- H> H> H> H> H> H> *!*

.)/*>]VfcacYh\UbY -+-.- H> H> H> H> H> H> *!*

>]VfcacaYh\UbY -+-.- H> H> H> H> H> H> *!*

.)/*>]W\`cfcVYbnYbY -+-.- H> H> H> H> H> H> -+.5

.)0*>]W\`cfcVYbnYbY -+-.- H> H> H> H> H> H> *!*

.)1*>]W\`cfcVYbnYbY -+-.- H> H> H> H> H> H> -+-65

>]W\`cfcX]Z`icfcaYh\UbY -+-.- H> H> H> H> H> H> *!*

.).*>]W\`cfcYh\UbY -+-.- H> H> H> H> H> H> *!*

.)/*>]W\`cfcYh\UbY -+-.- H> H> H> H> H> H> -+-00

.).*>]W\`cfcYh\YbY -+-.- H> H> H> H> H> H> -+/1

W]g*.)/*>]W\`cfcYh\YbY -+-.- H> H> H> H> H> H> *!*

hfUbg*.)/*>]W\`cfcYh\YbY -+-.- H> H> H> H> H> H> *!*

GYh\m`YbY!W\`cf]XY -+-.- H> H> H> H> H> -+-06 -+-62

.)/*>]W\`cfcdfcdUbY -+-.- H> H> H> H> H> H> *!*

.)0*>]W\`cfcdfcdUbY -+-.- H> H> H> H> H> H> *!*

/)/*>]W\`cfcdfcdUbY -+-.- H> H> H> H> H> H> *!*

.).*>]W\`cfcdfcdYbY -+-.- H> H> H> H> H> H> *!*

W]g*.)0*>]W\`cfcdfcdYbY -+-.- H> H> H> H> H> H> *!*

hfUbg*.)0*>]W\`cfcdfcdYbY -+-.- H> H> H> H> H> H> *!*

?h\m`VYbnYbY -+-.2 H> H> H> H> H> H> -+/.

BYlUW\`cfcVihUX]YbY -+-.- H> H> H> H> H> H> -+-0.

Cgcdfcdm`VYbnYbY -+-.- H> H> H> H> H> H> *!*

d*Cgcdfcdm`hc`iYbY -+-.- H> H> H> H> H> H> *!*

b*Jfcdm`VYbnYbY -+-.- H> H> H> H> H> H> *!*

MhmfYbY -+-2- H> H> H> H> H> H> -+5-

.).).)/*NYhfUW\`cfcYh\UbY -+-.- H> H> H> H> H> H> *!*

.).)/)/*NYhfUW\`cfcYh\UbY -+-2- H> H> H> H> H> H> *!*

NYhfUW\`cfcYh\YbY -+-.- H> H> H> H> H> H> -+44

Nc`iYbY -+-2- H> H> H> H> H> H> -+16

.)/)0*Nf]W\`cfcVYbnYbY -+-.- H> H> H> H> H> H> -+0.

.)/)1*Nf]W\`cfcVYbnYbY -+-.- H> H> H> H> H> H> -+60

.).).*Nf]W\`cfcYh\UbY -+-.- H> H> H> H> H> H> *!*.).). Nf]W\`cfcYh\UbY -+-.- H> H> H> H> H> H> !

.).)/*Nf]W\`cfcYh\UbY -+-.- H> H> H> H> H> H> *!*

Nf]W\`cfcYh\YbY -+-.- H> H> H> H> H> H> -+-5.

Nf]W\`cfcZ`icfcaYh\UbY -+-.- H> H> H> H> H> H> *!*

.)/)0*Nf]W\`cfcdfcdUbY -+-/- H> H> H> H> H> H> *!*

.)/)1*Nf]aYh\m`VYbnYbY -+-.- H> H> H> H> H> H> *!*

.)0)2*Nf]aYh\m`VYbnYbY -+-.- H> H> H> H> H> H> *!*

P]bm`!W\`cf]XY -+/- H> H> H> H> H> H> -+--10

Rm`YbYg -+.- H> H> H> H> H> H> /5

HchYg7

.& N]Yf!.!Ai]XY`]bY!*!;`VYfhU!N]Yf!.!Mc]`!UbX!AfcibXkUhYf!LYaYX]Uh]cb!Ai]XY`]bYg)!>YWYaVYf!/-.-!UbX!UaYbXaYbhg+!=cUfgY*[fU]bYX!Wf]hYf]U!Zcf!

]bXighf]U`,WcaaYfW]U`!`UbX!igY+

/& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

0& !*!*!!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!fYZYfYbWY!Wf]hYf]U+

1& <c`X!$!M\UXYX!*!?lWYYXg!h\Y!fYZYfYbWYX!;`VYfhU!N]Yf!.!Ai]XY`]bY+

2& Ob]hg!UfY!]b!a[,_[!ib`Ygg!ch\Yfk]gY!bchYX+

3& @cf!Zifh\Yf!`UVcfUhcfm!]bZcfaUh]cb)!fYZYf!hc!h\Y!gdYW]Z]W!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Monitoring pH Electrical Conductivity Temperature Dissolved Oxygen Total Dissolved Solid Redox

Well (µg/cm) (°C) (mg/L) (mg/L) (!mV)

GQ*-. 4+6. .)/06 4+3 /+3 .)/-/+2- *./+2

GQ*-/ 4+2- /)-/. 4+0 .+50 .)643+-- (00+4

GQ*-0 3+66 .)6-6 ..+6 -+5. .)311+2- *.-3+4

HchYg7

.& GYUgifYaYbh!cZ![fcibXkUhYf!]bX]WYg!Vm!SMC!Jfc!J`ig!ai`h]aYhYf+

/& QY``g!gUad`YX!cb!MUhifXUm)!;i[igh!.4)!/-.0+

Table 4A

Groundwater Indices at Time of Sampling
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J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Unit Detection MW-01 MW-02 MW-03 Tier 1

Limit Guideline

General Water Quality

<]cW\Ya]WU`!Ilm[Yb!>YaUbX a[,F /+- 0+2 / 1+0 *!*

NchU`!=\Ya]WU`!Ilm[Yb!>YaUbX a[,F 2+-!*!2-+- .-- 0.- 13- *!*

=cbXiWh]j]hm "M,Wa .+- .)6-- 0)/-- /)4-- *!*

dB Ob]h`Ygg H; 4+4. 3+45 4+22 3+2*5+2

NchU`!If[Ub]W!=UfVcb!%=& a[,F -+2-!*!/+2 .1 /- 13 *!*

>]ggc`jYX!=UXa]ia!%=X& "[,F -+--2-!*!-+-.0 -+-54 -+./ -+-06 *!*

NchU`!=UXa]ia!%=X& "[,F -+--2-!*!-+-.0 0.60 5.5 5.0 -+-3-'

;`_U`]b]hm!%=U=I0& a[,F -+2- 24- 22- 53- *!*

<]WUfVcbUhY!%B=I0& a[,F -+2- 36- 34- .).-- *!*

=UfVcbUhY!%=I0& a[,F -+2- H> H> H> *!*

BmXfcl]XY!%IB& a[,F -+2- H> H> H> *!*

Mi`d\UhY!%MI1& a[,F .+-!*!2+- 2.- 36- H> *!*

=\`cf]XY!%=`& a[,F .+-!*!2+- 1+4 03- 03- *!*

NchU`!;aacb]U!%H& a[,F -+-2-!*!-+2- -+31 -+43 4.6 .+04'

NchU`!J\cgd\cfig!%J& a[,F -+-0-!*!-+.2 -+21 3+/ 1+5 *!*

NchU`!H]hfc[Yb!%H& a[,F -+-2- .+. 1+. 3+1 *!*

NchU`!E^Y`XU\`!H]hfc[Yb a[,F -+-2-!*!-+2- -+65 1+. 3+0 *!*

H]hf]hY!%HI/& a[,F -+--0- -+-.- H> -+--6- *!*

Table 4B

Analytic Results - Groundwater - General Water Quality

08/17/2013

Parameter

H]hfUhY!%HI0& a[,F -+--0- -+-34 -+-0- -+.. *!*

H]hfUhY!d`ig!H]hf]hY!%H& a[,F -+--0- -+-44 -+-0- -+./ *!*

Trace Organics

;WYh]W!;W]X a[,F 2- H> H> H> *!*

@cfa]W!;W]X a[,F 2- H> H> H> *!*

Jfcd]cb]W!;W]X a[,F 2- H> H> H> *!*

;XgcfVUV`Y!If[Ub]W!BU`c[Yb a[,F -+--/!*!-+-/ -+-2 -+-/0 -+.0 *!*

HchYg7

.& N]Yf!.!Ai]XY`]bY!*!;`VYfhU!N]Yf!.!Mc]`!UbX!AfcibXkUhYf!LYaYX]Uh]cb!Ai]XY`]bYg)!>YWYaVYf!/-.-

UbX!UaYbXaYbhg+!=cUfgY*[fU]bYX!Wf]hYf]U!Zcf!WcaaYfW]U`,]bXighf]U`!`UbX!igY+

/& '!MifZUWY!QUhYf!KiU`]hm!Ai]XY`]bYg!Zcf!OgY!]b!;`VYfhU!%;?HP)!.666&!cb!UeiUh]W!`]ZY!dUh\kUm+!

=UbUX]Ub!=cibW]`!cZ!G]b]ghYfg!cZ!h\Y!?bj]fcbaYbh!%==G?&![i]XY`]bYg!UfY!fYZYfYbWYX+

0& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

1& !*!*!!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!fYZYfYbWY!Wf]hYf]U+

2& <c`X!$!M\UXYX!*!?lWYYXg!h\Y!fYZYfYbWYX!;`VYfhU!N]Yf!.!UbX!==G?![i]XY`]bYg+

3& @cf!Zifh\Yf!`UVcfUhcfm!]bZcfaUh]cb)!fYZYf!hc!h\Y!gdYW]Z]W!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Unit Detection MW-01 MW-02 MW-03 Tier 1

Limit Guideline

Total Metals

;`ia]bia!%;`& a[,F -+--0-!*!-+--42 4.3 100 74 -+.'

;bh]acbm!%MV& a[,F -+---3-!*!-+--.2 -+---41 H> H> -+--3

;fgYb]W!%;g& a[,F -+---/-!*!-+---2- 0.011 0.066 0.069 -+--2

<Uf]ia!%<U& a[,F -+-.- -+0/- 3.3 3.5 .

<Yfm``]ia!%<Y& a[,F -+--.-!*!-+--/2 H> -+--66 -+--4/ *!*

<cfcb!%<& a[,F -+-/- -+/5 -+.. -+.0 .+2

=U`W]ia!%=U& a[,F -+0-!*!.+2 /4- 40- .)--- *!*

=\fca]ia!%=f& a[,F -+--.-!*!-+--/2 0.010 0.19 0.14 -+--.'

=cVU`h!%=c& a[,F -+---0-!*!-+---42 -+-.1 -+./ -+.0 *!*

=cddYf!%=i& a[,F -+---/-!*!-+---2- 0.025 0.25 0.23 -+--0'

Cfcb!%@Y& a[,F -+-3-!*!-+0- 20 330 260 -+0

FYUX!%JV& a[,F -+---/-!*!-+---2- 0.0068 0.11 0.11 -+--1'

F]h\]ia!%F]& a[,F -+-/- -+-60 -+0/ -+.2 *!*

GU[bYg]ia!%G[& a[,F -+/- 3/ /0- 00- *!*

GUb[UbYgY!%Gb& a[,F -+--1- 1.4 13.0 15.0 -+-2

Table 4C

Analytic Results - Groundwater - Metals

08/17/2013

Parameter

GUb[UbYgY!%Gb& a[,F -+--1- 1.4 13.0 15.0 -+-2

Gc`mVXYbia!%Gc& a[,F -+---/-!*!-+---2- -+--/. -+-./ -+--03 -+-40'

H]W_Y`!%H]& a[,F -+---2-!*!-+--.0 -+-00 0.29 0.29 -+..'

J\cgd\cfig!%J& a[,F -+.- -+35 .. 4+/ *!*

JchUgg]ia!%E& a[,F -+0- 5+1 /- /. *!*

MY`Yb]ia!%MY& a[,F -+---/-!*!-+---2- -+---4 0.0031 0.0014 -+--.

M]`]Wcb!%M]& a[,F -+.- .4 61 54 *!*

M]`jYf!%;[& a[,F -+---.-!*!-+---/2 H> 0.001 0.0016 -+---.'

McX]ia!%HU& a[,F -+2- .3- /0- .3- *!*

Mhfcbh]ia!%Mf& a[,F -+-/- .+1 0+4 /+2 *!*

Mi`d\if!%M& a[,F -+/- .5- /0- 4+5 *!*

N\U``]ia!%N`& a[,F -+---/-!*!-+---2- H> 0.0011 0.00087 -+---5'

N]b!%Mb& a[,F -+--.-!*!-+--/2 -+--/6 -+--11 H> *!*

N]hUb]ia!%N]& a[,F -+--.-!*!-+--/2 -+.6 -+63 -+12 *!*

OfUb]ia!%O& a[,F -+---.-!*!-+---/2 -+-./ 0.045 -+--42 -+-/

PUbUX]ia!%P& a[,F -+--.-!*!-+--/2 -+-.5 -+0-- -+/-- *!*

T]bW!%Tb& a[,F -+--0-!*!-+--42 0.057 0.73 0.67 -+-0

Dissolved Metals

;`ia]bia!%;`& a[,F -+--0-!*!-+--42 -+--11 -+-.4 -+-55 *!*

;bh]acbm!%MV& a[,F -+---3-!*!-+--.2 H> -+--/ H> *!*

;fgYb]W %;g& a[,F - ---/- - ---2- - --/4 - --3. - -/1;fgYb]W!%;g& a[,F -+---/-!*!-+---2- -+--/4 -+--3. -+-/1 *!*

<Uf]ia!%<U& a[,F -+-.- -+-50 -+-5. -+4/ *!*

<Yfm``]ia!%<Y& a[,F -+--.-!*!-+--/2 H> H> H> *!*

<cfcb!%<& a[,F -+-/- -+/4 -+./ -+./ *!*

=U`W]ia!%=U& a[,F -+0- //- 0.- /.- *!*

=\fca]ia!%=f& a[,F -+--.-!*!-+--/2 H> H> H> *!*

=cVU`h!%=c& a[,F -+---0-!*!-+---42 -+--10 -+--12 -+-./ *!*

=cddYf!%=i& a[,F -+---/-!*!-+---2- -+--/0 -+--/. -+--.0 *!*

Cfcb!%@Y& a[,F -+-3- -+.6 -+/1 /4 *!*

FYUX!%JV& a[,F -+---/-!*!-+---2- H> H> H> *!*

F]h\]ia!%F]& a[,F -+-/- -+-6. -+.0- -+-01 *!*

GU[bYg]ia!%G[& a[,F -+/- 23 ..- ./- *!*

GUb[UbYgY!%Gb& a[,F -+--1- -+4 -+45 0+3 *!*

Gc`mVXYbia!%Gc& a[,F -+---/-!*!+---2- -+--.2 -+--26 -+--/. *!*

H]W_Y`!%H]& a[,F -+---2-!*!-+--.0 -+-.. -+-.0 -+-.3 *!*

J\cgd\cfig!%J& a[,F -+.- H> H> H> *!*

JchUgg]ia!%E& a[,F -+0- 3+6 5+3 6+5 *!*

MY`Yb]ia!%MY& a[,F -+---/-!*!-+---2- -+---/5 -+---2- H> *!*

M]`]Wcb!%M]& a[,F -+.- 4+1 3+2 .2 *!*

M]`jYf!%;[& a[,F -+---.-!*!-+---/2 H> H> H> *!*

McX]ia!%HU& a[,F -+2- .4- /2- .3- *!*

Mhfcbh]ia!%Mf& a[,F -+-/- .+0 /+4 .+1 *!*

Mi`d\if!%M& a[,F -+/- .5- //- 0+6 *!*

N\U``]ia!%N`& a[,F -+---/-!*!-+---2- H> H> H> *!*

N]b!%Mb& a[,F -+--.-!*!-+--/2 H> H> H> *!*

N]hUb]ia!%N]& a[,F -+--.-!*!-+--/2 H> H> H> *!*

OfUb]ia!%O& a[,F -+---.-!*!-+---/2 -+-.. -+-/. -+--.1 *!*

PUbUX]ia!%P& a[,F -+--.-!*!-+--/2 H> H> H> *!*

T]bW!%Tb& a[,F -+--0-!*!-+--42 H> H> H> *!*

HchYg7

.& N]Yf!.!Ai]XY`]bY!*!;`VYfhU!N]Yf!.!Mc]`!UbX!AfcibXkUhYf!LYaYX]Uh]cb!Ai]XY`]bYg)!>YWYaVYf!/-.-

UbX!UaYbXaYbhg+!=cUfgY*[fU]bYX!Wf]hYf]U!Zcf!WcaaYfW]U`,]bXighf]U`!`UbX!igY+

/& '!MifZUWY!QUhYf!KiU`]hm!Ai]XY`]bYg!Zcf!OgY!]b!;`VYfhU!%;?HP)!.666&!cb!UeiUh]W!`]ZY!dUh\kUm+!

=UbUX]Ub!=cibW]`!cZ!G]b]ghYfg!cZ!h\Y!?bj]fcbaYbh!%==G?&![i]XY`]bYg!UfY!fYZYfYbWYX+

0& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

1& !*!*!!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!fYZYfYbWY!Wf]hYf]U+

2& <c`X!$!M\UXYX!*!?lWYYXg!h\Y!fYZYfYbWYX!;`VYfhU!N]Yf!.!UbX!==G?![i]XY`]bYg+

3& @cf!Zifh\Yf!`UVcfUhcfm!]bZcfaUh]cb)!fYZYf!hc!h\Y!gdYW]Z]W!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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12-435

Phase II ESA - Riverside Heavy Dry Waste Site

Historic Waste Disposal Sites, The City of Red Deer

Unit Detection MW-01 MW-02 MW-03 Tier 1

Limit Guideline

Volatiles

Benzene mg/L 0.00040 ND ND ND 0.005

Toluene mg/L 0.00040 ND ND ND 0.024

Ethylbenzene mg/L 0.00040 ND ND ND 0.0024

Xylenes (Total) mg/L 0.00080 ND ND ND 0.3

F1 (C6-C10) mg/L 0.10 ND ND ND 2.2

F2 (C10-C16) mg/L 0.10 ND ND ND 1.1

Total Trihalomethanes mg/L 0.0020 ND ND ND 0.1

Bromodichloromethane mg/L 0.00050 ND ND ND - -

Bromoform mg/L 0.00050 ND ND ND - -

Bromomethane mg/L 0.0020 ND ND ND - -

Carbon tetrachloride mg/L 0.00050 ND ND ND 0.005

Chlorobenzene mg/L 0.00050 ND ND ND 0.0013

Chlorodibromomethane mg/L 0.0010 ND ND ND - -

Chloroethane mg/L 0.0010 ND ND ND - -

Chloroform mg/L 0.00050 ND ND ND 0.0018

Chloromethane mg/L 0.0020 ND ND ND - -

1,2-dibromoethane mg/L 0.00050 ND ND ND - -

1 2-dichlorobenzene mg/L 0 00050 ND ND ND 0 0007

Table 4D

Analytical Results - Groundwater - VOCs

08/17/2013

Parameter

1,2-dichlorobenzene mg/L 0.00050 ND ND ND 0.0007

1,3-dichlorobenzene mg/L 0.00050 ND ND ND - -

1,4-dichlorobenzene mg/L 0.00050 ND ND ND 0.001

1,1-dichloroethane mg/L 0.00050 ND ND ND - -

1,2-dichloroethane mg/L 0.00050 ND ND ND 0.005

1,1-dichloroethene mg/L 0.00050 ND ND ND 0.014

cis-1,2-dichloroethene mg/L 0.00050 ND ND ND - -

trans-1,2-dichloroethene mg/L 0.00050 ND ND ND - -

Dichloromethane mg/L 0.0020 ND ND ND 0.05

1,2-dichloropropane mg/L 0.00050 ND ND ND - -

cis-1,3-dichloropropene mg/L 0.00050 ND ND ND - -

trans-1,3-dichloropropene mg/L 0.00050 ND ND ND - -

Methyl methacrylate mg/L 0.00050 ND ND ND 0.47

Methyl-tert-butylether (MTBE) mg/L 0.00050 ND ND ND 0.015

Styrene mg/L 0.00050 ND ND ND 0.072

1,1,1,2-tetrachloroethane mg/L 0.0020 ND ND ND - -

1,1,2,2-tetrachloroethane mg/L 0.0020 ND ND ND - -

Tetrachloroethene mg/L 0.00050 ND ND ND 0.03

1,2,3-trichlorobenzene mg/L 0.0010 ND ND ND 0.008

1,2,4-trichlorobenzene mg/L 0.0010 ND ND ND 0.015

1,3,5-trichlorobenzene mg/L 0.00050 ND ND ND 0.014

1,1,1-trichloroethane mg/L 0.00050 ND ND ND - -

1,1,2-trichloroethane mg/L 0.00050 ND ND ND - -

Trichloroethene mg/L 0.00050 ND ND ND 0.005

Trichlorofluoromethane mg/L 0.00050 ND ND ND - -g

1,2,4-trimethylbenzene mg/L 0.00050 ND ND ND - -

1,3,5-trimethylbenzene mg/L 0.00050 ND ND ND - -

Vinyl chloride mg/L 0.00050 ND ND ND 0.002

Notes:

1) Tier 1 Guideline - Alberta Tier 1 Soil and Groundwater Remediation Guidelines, December 2010

and amendments. Coarse-grained criteria for commercial/industrial land use.

2) ND - Not Detected, less than the limit of method detection.

3)  - -  No value established in the reference criteria.

4) Bold & Shaded - Exceeds the referenced Alberta Tier 1 and CCME guidelines.

5) For further laboratory information, refer to the specific laboratory report in Appendix A.
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Parameter Well Diameter Screen Length Well Depth Headspace Volume Purge Rate Purge Time

(mm) (cm) (m) (cm3) (cm3/min) (min) Ambient (psi) Vapour Well (psi)

PQ*-. /2 0- 4+0 0)250+1 610+0 6 .2+-0 .2+-2

HchYg7

.& GYUgifYaYbh!cZ!dfYggifY!Vm!X][]hU`!=c`Y*JUfaYf!UVgc`ihY!dfYggifY![Ui[Y+

/& Jif[Y!h]aY!]g!Y`UdgYX!h]aY!df]cf!hc!h\Y!Wc``YWh]cb!cZ!U!gc]`!jUdcif!gUad`Y+

0& MWfYYb!gYh!Uh!VUgY!cZ!kY``+

1& Mc]`!jUdcif!gUad`]b[!kUg!Wcad`YhYX!MUhifXUm)!;i[igh!.4)!/-.0+

Table 5A

Pressure

Summary of Parameters Measured During Sampling of Soil Vapour
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Parameters Units Detection Limit VW-01

Gause Pressure

dfYggifY!UZhYf!gUad`]b[ dg][ *!* *2+-

dfYggifY!cb!fYWY]dh dg][ *!* *1+3

Fixed Gases

Ilm[Yb #!j,j -+0 .1+/

H]hfc[Yb #!j,j -+0 45+5

=UfVcb!Gcbcl]XY #!j,j -+0 H>

GYh\UbY #!j,j -+0 H>

=UfVcb!>]cl]XY #!j,j -+0 4+-

HchYg7

.& Mc]`!jUdcif!gUad`Y!Wc``YWhYX!cb!MUhifXUm)!;i[igh!.4)!/-.0+

/& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

0& *!*!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!XYhYWh]cb!`]a]h!UbX!fYZYfYbWY!Wf]hYf]U+

1& @cf!Zifh\Yf!]bZcfaUh]cb)!h\Y!fYUXYf!g\ci`X!fYZYf!hc!h\Y!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+

Table 5B

Analytical Results - Soil Vapour - General Indices
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./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

Unit Detection VW-01

Limit 08/17/13

Hydrocarbon Fractions

;`]d\Uh]W!9=2*=3 "[,a
0

2+- 4+0

;`]d\Uh]W!9=3*=5 "[,a
0

2+- 01+6

;`]d\Uh]W!9=5*=.- "[,a
0

2+- /4+5

;`]d\Uh]W!9=.-*=./ "[,a
0

2+- 06+4

;`]d\Uh]W!9=./*=.3 "[,a
0

2+- .2+/

;fcaUh]W!9=4*=5!%N?R!?lW`iXYX& "[,a
0

2+- H>

;fcaUh]W!9=5*=.- "[,a
0

2+- 3+4

;fcaUh]W!9=.-*=./ "[,a
0

2+- 3+.

;fcaUh]W!9=./*=.3 "[,a
0

2+- H>

Select Volatile Gases

;WYhm`YbY dda -+/3 H>

?h\UbY dda -+/3 H>

?h\m`YbY dda -+/3 H>

GYh\UbY dda 2+. H>

b*<ihUbY dda -+2. H>

b*JYbhUbY dda -+/3 H>

JfcdUbY dda -+/3 H>

Table 5C

Analytical Results - Soil Vapour - VOCs

Parameters

JfcdUbY dda -+/3 H>

JfcdYbY dda -+/3 H>

JfcdmbY dda -+2. H>

Volatile Organic Compounds

>]W\`cfcX]Z`icfcaYh\UbY!%@L?IH!./& ddVj -+/- .+-5

.)/*>]W\`cfchYhfUZ`icfcYh\UbY ddVj -+.4 H>

=\`cfcaYh\UbY ddVj -+0- .+/.

P]bm`!=\`cf]XY ddVj -+.5 H>

=\`cfcYh\UbY ddVj -+0- H>

.)0*<ihUX]YbY ddVj -+2- H>

Nf]W\`cfcZ`icfcaYh\UbY!!%@L?IH!..& ddVj -+/- -+1-

?h\Ubc`!%Yh\m`!U`Wc\c`& ddVj /+0 /.+5

Nf]W\`cfchf]Z`icfcYh\UbY ddVj -+.2 H>

/*dfcdUbc` ddVj 0+- 0+/

/*JfcdUbcbY ddVj -+5- //+5

GYh\m`!?h\m`!EYhcbY!%/*<ihUbcbY& ddVj 2+- H>

GYh\m`!CgcVihm`!EYhcbY ddVj 0+/ H>

GYh\m`!<ihm`!EYhcbY!%/*BYlUbcbY& ddVj /+- H>

GYh\m`!h*Vihm`!Yh\Yf!%GN<?& ddVj -+/- H>

?h\m`!;WYhUhY ddVj /+/ H>

.).*>]W\`cfcYh\m`YbY ddVj -+/2 H>

W]g*.)/*>]W\`cfcYh\m`YbY ddVj -+.6 H>

hfUbg*.)/*>]W\`cfcYh\m`YbY ddVj -+/- H>

GYh\m`YbY!=\`cf]XY%>]W\`cfcaYh\UbY& ddVj -+5- H>

=\`cfcZcfa ddVj -+.2 -+00

=UfVcb!NYhfUW\`cf]XY ddVj -+0- H>

.).*>]W\`cfcYh\UbY ddVj -+/- H>

.)/*>]W\`cfcYh\UbY ddVj -+/- H>

?h\m`YbY!>]Vfca]XY ddVj -+.4 H>

.).).*Nf]W\`cfcYh\UbY ddVj -+0- H>

.).)/*Nf]W\`cfcYh\UbY ddVj -+.2 H>

.).)/)/*NYhfUW\`cfcYh\UbY ddVj -+/- H>

W]g*.)0*>]W\`cfcdfcdYbY ddVj -+.5 H>

hfUbg*.)0*>]W\`cfcdfcdYbY ddVj -+.4 H>

.)/*>]W\`cfcdfcdUbY ddVj -+1- H>

<fcacaYh\UbY ddVj -+.5 H>

<fcacZcfa ddVj -+/- H>

<fcacX]W\`cfcaYh\UbY ddVj -+/- H>

>]VfcacW\`cfcaYh\UbY ddVj -+/- H>

Nf]W\`cfcYh\m`YbY ddVj -+0- H>

NYhfUW\`cfcYh\m`YbY ddVj -+/- H>

<YbnYbY ddVj -+.5 -+15

Nc`iYbY ddVj -+/- .+53

?h\m`VYbnYbY ddVj -+/- -+22

d(a*Rm`YbY ddVj -+04 /+20

c*Rm`YbY ddVj -+/- -+51

MhmfYbY ddVj -+/- H>

1*Yh\m`hc`iYbY ddVj /+/ H>

.)0)2*Nf]aYh\m`VYbnYbY ddVj -+2- H>

.)/)1*Nf]aYh\m`VYbnYbY ddVj -+2- H>

=\`cfcVYbnYbY ddVj -+/- H>

<Ybnm` W\`cf]XY ddVj . - H><Ybnm`!W\`cf]XY ddVj .+- H>

.)0*>]W\`cfcVYbnYbY ddVj -+1- H>

.)1*>]W\`cfcVYbnYbY ddVj -+1- H>

.)/*>]W\`cfcVYbnYbY ddVj -+1- H>

.)/)1*Nf]W\`cfcVYbnYbY ddVj /+- H>

BYlUW\`cfcVihUX]YbY ddVj 0+- H>

BYlUbY ddVj -+0- 0+11

BYdhUbY ddVj -+0- -+16

=mW`c\YlUbY ddVj -+/- -+1-

NYhfU\mXfcZifUb ddVj -+1- 0+16

.)1*>]clUbY ddVj /+- H>

Rm`YbY!%NchU`& ddVj -+3- 0+04

P]bm`!<fca]XY ddVj -+/- H>

JfcdYbY ddVj -+0- .+/6

/)/)1*Nf]aYh\m`dYbhUbY ddVj -+/- -+/2

=UfVcb!>]gi`Z]XY ddVj -+2- 3+65

P]bm`!;WYhUhY ddVj -+/- H>

HchYg7

.& LYgi`hg!UfY!Zfca!gUad`]b[!dYfZcfaYX!cb!MUhifXUm)!;i[igh!.4)!/-.0+

/& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

0& *!*!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!XYhYWh]cb!`]a]h!UbX!fYZYfYbWY!Wf]hYf]U+

1& @cf!Zifh\Yf!]bZcfaUh]cb)!h\Y!fYUXYf!g\ci`X!fYZYf!hc!h\Y!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+

Tiamat Environmental Consultants Ltd. Electronic Version 03



./*102

J\UgY!CC!?M;!*!L]jYfg]XY!BYUjm!>fm!QUghY!M]hY

B]ghcf]W!QUghY!>]gdcgU`!M]hYg)!N\Y!=]hm!cZ!LYX!>YYf

mg/m³ ppm mg/m³ ppm

Nf]aYh\m`g]`m`!@`icf]XY *!* *!* -+--.. -+---0

NYhfUaYh\m`g]`UbY -+---. -+---. H> H>

GYh\clmhf]aYh\m`g]`UbY -+--.6 -+---1 H> H>

?h\clmhf]aYh\m`g]`UbY -+--.5 -+---1 H> H>

Nf]aYh\m`g]`Ubc` *!* *!* -+-2/3 -+-.10

Cgcdfcdclmhf]aYh\m`g]`UbY -+---5 -+---. H> H>

Nf]aYh\clmaYh\m`!M]`UbY!" *!* *!* H> H>

BYlUaYh\m`!>]g]`clUbY!*!F/ *!* *!* -+---3 -+---.

Jfcdclmhf]aYh\m`g]`UbY -+--/. -+---1 H> H>

.*GYh\m`Vihclmhf]aYh\m`g]`UbY!' *!* *!* H> H>

<ihclmhf]aYh\m`g]`UbY!' *!* *!* H> H>

Nf]aYh\clmj]bm`!M]`UbY!" *!* *!* H> H>

BYlUaYh\m`!=mW`chf]g]`clUbY!*!>0 *!* *!* -+-... -+--./

IWhUaYh\m`!Nf]g]`clUbY!*!F0 -+---. -+---. H> H>

Nf]Yh\clmj]bm`!M]`UbY!" *!* *!* H> H>

Nf]Yh\clmYh\m`!M]`UbY!" *!* *!* H> H>

IWhUaYh\m`!=mW`chYhfUg]`clUbY!*!>1 *!* *!* -+--6- -+---4

>YWUaYh\m`!NYhfUg]`clUbY!*!F1 -+---/ -+---. H> H>

NYhfUYh\m`g]`]WUhY!" *!* *!* H> H>

>YWUaYh\m` =mW`cdYbhUg]`clUbY >2 - -/03 - --.3

Table 5D

Analytical Results - Soil Vapour - Siloxanes

Detection VW-01

Parameter Limit 08/17/2013

>YWUaYh\m`!=mW`cdYbhUg]`clUbY!*!>2 *!* *!* -+-/03 -+--.3

>cXYWUaYh\m`!JYbhUg]`clUbY!*!F2 -+--.5 -+---. H> H>

>cXYWUaYh\m`!=mW`c\YlUg]`clUbY!*!>3 *!* *!* -+.322 -+--6.

Mia *!* *!* -+/4// -+-/55

HchYg7

.& Mc]`!jUdcif!gUad`Yg!Wc``YWhYX!cb!MUhifXUm)!;i[igh!.4)!/-.0+

/& H>!*!Hch!>YhYWhYX)!`Ygg!h\Ub!h\Y!`]a]h!cZ!aYh\cX!XYhYWh]cb+

0& *!*!Hc!jU`iY!YghUV`]g\YX!]b!h\Y!XYhYWh]cb!`]a]h!UbX!fYZYfYbWY!Wf]hYf]U+

1& P8/--!aF)!k\YfY!P!]g!jc`iaY!cZ!U]f,[Ug!gUad`YX+

2& '!*!MYa]eiUb]h]hUh]jY!%fYgdcbgY!ZUWhcf!gYh!Uh!2&+

3& "!*!ObghUV`Y)!dccf!XYhYWhUV]`]hm)!WcaaYfW]U`!ghUbXUfXg!hYghYX+

4& @cf!Zifh\Yf!]bZcfaUh]cb)!h\Y!fYUXYf!g\ci`X!fYZYf!hc!h\Y!`UVcfUhcfm!fYdcfh!]b!;ddYbX]l!;+
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