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EXECUTIVE SUMMARY 

Foreword 
Parks Canada Agency (PCA) retained EBA Engineering Consultants Ltd. (EBA) to conduct a 
Phase II environmental site assessment (ESA) of various locations in the community of 
Garden River (part of Little Red River Cree Nation) located at the western edge of Wood Buffalo 
National Park in Alberta. 

The objectives of the Phase II ESA were to characterize soil and groundwater quality at the subject 
site relative to potential sources of environmental impairment identified during a Phase I ESA 
conducted by EBA (March 2006), and a Phase I ESA conducted by AMEC Earth and 
Environmental (AMEC) (November 2006) for the subject site.  This Phase II ESA was conducted in 
general accordance with the Canadian Standards Association (CSA) Standard Z769-00 (published in 
March 2000).  The subject site includes the following locations: 

1. Garden River Landfill. 

2. Garden River Old Dump. 

3. Former Septic Tile Field. 

4. Garden River Airstrip. 

5. Garden River Public Works Yard. 

6. Fifth Meridian Market.  

7. Northlands School Historic Above-ground Storage Tank (AST). 

8. Church. 

9. Garden River Trading (Charlie Rose). 

The objectives of the Phase II ESA are as follows:  

• To determine the hydrological parameters of the site.  

• To determine/evaluate the extent and nature of soil and groundwater contamination identified 
by previous reports at the facilities and fuel storage sites.  

• To evaluate the environmental condition of the sites subsurface, using the Federal Contaminated 
Sites Program. 

• To provide information sufficient to develop a remediation action plan where required. 
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Findings and Conclusions  
A. Hydrological Parameters 

The soil at this site is generally composed of coarse-textured fluvial deposits from the nearby Peace 
River.  The average hydraulic conductivity for groundwater at the site is approximately 4 x 10-6 m/s 
and the estimated linear flow velocity generally ranged from 0.4 m/year to 4.8 m/year.  This site is 
considered to have a high potential for transport and leaching.   

B. Soil and Groundwater Quality 

Soil samples collected from the Former Septic Tile Field, Fifth Meridian Market and Northlands 
School Historic AST, Church, and Garden River Trading (Charlie Rose) assessment areas met 
2007 Canadian Council of Ministers of the Environment (CCME) Canadian Soil Quality Guidelines 
for the Protection of Environmental and Human Health and/or 2008 Alberta Tier 1 Soil and 
Groundwater Remediation Guidelines (residential/parkland, coarse-textured surface soils).  One soil 
sample collected at a depth of 7.6 m in the Garden River Old Dump exceeded the applicable 
guideline for selenium.   

One surface soil sample collected from the Garden River Landfill, near scrapped cars on the 
northern boundary, exceeded the applicable guidelines for petroleum hydrocarbon (PHC) 
fraction F3 and copper.  The detected concentrations were approximately three times greater than 
the applicable guidelines.  Groundwater samples from this assessment area exceeded applicable 
guidelines for pyrene, benzo(a)anthracene, cadmium, manganese, selenium, and zinc.   

One soil sample collected from the Garden River Airstrip, adjacent to fuel drums near the eastern 
end, exceeded the applicable guidelines for PHC fractions F1 and F2.  This sample had a high 
combustible vapour concentration (CVC) [5% lower explosive limit (LEL), Table 1].  Groundwater 
samples from this assessment area exceeded applicable guidelines for cadmium, iron, manganese, 
selenium, and zinc.    

Ten soil samples collected from the Garden River Public Works Yard exceeded applicable guidelines 
for one or more PHC fractions F1, F2, F3, and F4.  The samples were collected east and south of 
the Public Works building adjacent to the waste oil AST and the propane tanks, north of the 
Public Works trailer near the propane tank and barrel storage areas, and in the equipment parking 
area.  The groundwater sample collected adjacent to the barrel storage area had high concentrations 
of iron and manganese.   

Groundwater samples collected from Garden River Old Dump, Northlands School Historic AST, 
Former Septic Tile Field, Garden River Trading (Charlie Rose) AST, and Fifth Meridian Market 
AST exceeded applicable guidelines for one or more of cadmium, iron, manganese, selenium, and 
zinc.  Most exceedances were low except for the Garden River Old Dump, which had high 
exceedances for cadmium, iron, manganese, selenium, and zinc, and the Northlands School Historic 
AST area which had a high exceedance for manganese.   
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C. National Classification System for Contaminated Sites (NCSCS) 

• The Public Works Yard has a total NCSCS score of 75.8 and is ranked as a Class 1 Site, which 
has a high priority for action.   

• The Garden River Airstrip has a total NCSCS score of 75.2 and is ranked as a Class 1 Site, which 
has a high priority for action.   

• The Garden River Landfill has a total NCSCS score of 68.5 and is ranked as a Class 2 Site, which 
has a medium priority for action.   

• The Garden River Old Dump has a total NCSCS score of 63.9 and is ranked as a Class 2 Site, 
which has a medium priority for action.   

• The Northlands School Historic AST has a total NCSCS score of 52.1 is ranked as a Class 2 Site, 
which has a medium priority for action.   

• The Former Septic Field has a total NCSCS score of 50.5 and is ranked as a Class 2 Site, which 
has a medium priority for action.   

• The Garden River Trading (Charlie Rose) AST has a total NCSCS score of 47.2 and is ranked as 
a Class 3 Site, which has a low priority for action.   

• The Fifth Meridian Market AST has a total NCSCS score of 47.2 and is ranked as a Class 3 Site, 
which has a low priority for action.   

• The Church Historic AST was not assessed using NCSCS since there were no detected 
exceedances.   

Recommendations 
Guidance for landfill operations is available from Alberta Environmental (AENV) Protection Code 
of Practice for Landfills.  For this site, EBA recommends that the solid waste material, which is 
encountered within the upper metre of the area of the current and former landfill locations, should 
be sealed/capped by means of placing impermeable soil/material on the surface of the same areas.  
Furthermore, the mentioned solid waste materials should be removed out of proposed building 
footprints prior to any future development of the landfill locations.  

Soil with PHC impacts is found at nine assessment locations in Garden River Public Works Yard.  
These corresponded to locations with present waste oil AST, propane tanks, and equipment storage 
and use.  EBA’s proposed drilling plan was limited by site conditions; therefore, only estimates of 
the area and volume of impacted soil can be made.  The area of soil with PHC impacts was 
estimated to be 1,800 m2.  The volume of impacted soil estimated to be approximately 4,000 m3.  
A remediation action plan (RAP), which is included in Appendix D, is proposed for this volume of 
impacted soil in the Public Works Yard.   

Soil with PHC impacts at the Garden River Airstrip is associated with fuel storage at the eastern 
edge of the airstrip and likely represents small isolated spills related to refuelling.  The volume of 
impacted soil is estimated to be approximately 500 m3.  A RAP, which is included in Appendix E, is 
proposed for this volume of impacted soils at the Airstrip. 
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1.0  INTRODUCTION 

1.1  GENERAL 
Parks Canada Agency (PCA) retained EBA Engineering Consultants Ltd. (EBA) to conduct 
a contaminated site assessment of the Garden River Indian Reserve (part of Little Red River 
Cree Nation) located at the western edge of Wood Buffalo National Park in Alberta. 

The objectives of the assessment were to characterize soil and groundwater quality at the 
subject site relative to potential sources of environmental impairment identified during a 
Phase I environmental site assessment (ESA) conducted by EBA in March 2006, followed 
by a Phase I ESA conducted by AMEC Earth and Environmental (AMEC) in 
November 2006 (see Section 2.0).  The contaminated site assessment was conducted in 
general accordance with the Canadian Standards Association (CSA) Standard Z769-00 
(published in March 2000).   

EBA understands the contaminant assessment being conducted as a part of PCA’s 
due diligence. 

1.2  AUTHORIZATION 
Ms. Naomie Fevry, contracts and material management officer with PCA, provided written 
authorization to proceed with the present study to Mr. Nayef Mahgoub of EBA on 
December 14, 2007.   

1.3  QUALIFICATIONS OF ASSESSORS 
Mr. Jack Sambirsky, Dip. CCEP, supervised the drilling and monitoring well installation, 
and conducted the soil and groundwater monitoring/sampling activities on site.  
Mr. Sambirsky is an environmental technologist for EBA’s Calgary operations and has over 
10 years of experience in environmental consulting.  

Ms. Cathy Hamlen, Ph.D., A.Ag., interpreted the results and prepared the report.  
Ms. Hamlen is a soil scientist with a Ph.D. in soil physics from the University of Guelph.  
Ms. Hamlen has 5 years consulting experience in Alberta. 

Mr. Nayef Mahgoub, P.Eng., interpreted the results and reviewed the report.  Mr. Mahgoub 
is a project engineer for EBA’s environment practice and has over 12 years of experience in 
environmental consulting.  He is registered as a Professional Engineer in Alberta 
and Ontario. 

Mr. Herb Ziervogel, P.Eng., conducted the final report review.  Mr. Ziervogel is a senior 
environmental engineer with a degree in geological engineering from the University of 
Manitoba.  Mr. Ziervogel has over 19 years of experience in geo-environmental and ESAs. 
He is registered as a Professional Engineer in Alberta, Northwest Territories, and Nunavut. 
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1.4  BACKGROUND AND SITE DESCRIPTION 
The subject site comprised various locations in the community of Garden River, located 
within the western section of Wood Buffalo National Park, Alberta.  The main community 
is situated in Township 111 and Township 112, Range 24, West of the Fourth Meridian.  
The area of the site is approximately 36 km2. 

The subject site is a mixture of residential, commercial, and institutional properties within 
the Reserve.  Figure 1 shows the site location plan and Figure 2 shows the general site plan. 

1.5  PREVIOUS ASSESSMENTS 
EBA completed a Phase I ESA for the subject site in March 2006.  AMEC completed a 
Phase I ESA in November 2006.  Based on the results of both Phase I ESA studies, EBA 
assessed the potential for on-site and off-site impacts.  Table A presents the potential 
on-site environmental concerns identified during the Phase I ESAs conducted for the site.  

 

TABLE A:  POTENTIAL ON-SITE SOURCE SUMMARY 

No. Potential On-site 
Source 

Information 
Source EBA Evaluation 

1 Garden River Public 
Works Yard 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site, due to hydrocarbon product 
storage, above-ground storage tank (AST) with 
staining in its vicinity, used batteries, and boneyard. 

2 Fifth Meridian AST 
and former AST 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site due to former storage tank, as well 
as present AST containing gasoline. 

3 
Signs of surficial 
stains near the 

Church/Historic AST 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site due to former fuel storage tank. 

4 Garden River Trading 
(Charlie Rose) AST 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site due to AST containing gasoline. 

5 
Historical ASTs at the 

Old Northland 
School 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site due to former storage tank. 

6 Garden River Airstrip 
fuel drum storage 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site due to jet fuel drum storage. 

7 
Historic Septic Tile 

Field east of 
St. Gloria School 

Observation 
during site 
inspection. 

Potential to impact soil and groundwater quality at 
the subject site from nutrients, coliforms, total 
dissolved solids (TDS), and chemical oxygen 
demand (COD). 
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TABLE A:  POTENTIAL ON-SITE SOURCE SUMMARY (CONTINUED) 

No. Potential On-site 
Source 

Information 
Source EBA Evaluation 

8 and 9 
Garden River 

Landfill and Garden 
River Old Dump 

Observation 
during site 
inspection 

Potential to impact soil and groundwater quality at 
the subject site due to landfill leachate. 

10 Former ATCO 
power plant 

Observation 
during site 
inspection 

Large area has been excavated and this is likely due 
to contamination present at the site. 

 

Table B presents the potential off-site environmental concerns identified during the 
Phase I ESAs.   

 

TABLE B:  POTENTIAL OFF-SITE SOURCE SUMMARY 

No. Potential Off-site 
Source Information Source EBA Evaluation 

1 New ATCO power 
plant site 

Observations during 
site inspection. 

Potential to impact soil and groundwater quality 
at the subject site due to hydrocarbon product 

storage and/or handling; the site is very new and 
unlikely to be a present concern. 

 

EBA sampled surface soil at 10 locations during the Phase I ESA with locations and UTM 
coordinates as follows: 
 

Location UTM Coordinate (12U) Tests 

Diesel Tank Public Works Yard  0333994/6511561 BTEX, F1 to F4 

Oil Drums Public Works Yard 0333996/6511583 BTEX, F1 to F4 

Boneyard Public Works Yard 0334030/6511554 Metals 

Drum Storage Airport 0333816/6511750 BTEX, F1 to F4 

Drum Storage Airport 0333918/6511750 BTEX, F1 to F4 

Drum Storage Airport 0333973/6511751 BTEX, F1 to F4 

Drum Storage Airport 0333973/6511798 BTEX, F1 to F4 

Battery Storage Public Works Yard 0334012/6511588 Metals 

Fifth Meridian Market AST  0332983/ 6510560 BTEX, F1 to F4 

Charlie Rose AST  0333007/ 6510476 BTEX, F1 to F4 
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Three soil samples exceeded the applicable criteria for hydrocarbons and one soil sample 
exceeded the CCME residential criteria for nickel (sample 3 with nickel concentration of 
180 mg/kg).  Hydrocarbon results are presented in Table C as follows:  

 

TABLE C:  HYDROCARBON CONCENTRATIONS IN SOIL 

Sample Location Benzene 
(ppm) 

Toluene 
(ppm) 

Ethyl-
benzene 

(ppm) 

Xylenes 
(ppm) F1 F2 F3 F4 

1 Diesel Tank PW <0.05 0.24 <0.1 40 1,500 22,000 15,000 <5 

2 Oil Drums PW <0.005 <0.01 <0.01 <0.01 <5 490 38,000 9,900 

4 Drum Storage <0.005 <0.01 <0.01 <0.01 <5 <5 24 <5 

5 Drum Storage <0.005 <0.01 <0.01 <0.01 <5 <5 5 <5 

6 Drum Storage <0.005 <0.01 <0.01 <0.01 <5 41 7 <5 

7 Drum Storage 0.15 20 8.9 420 6,200 6,100 27 18 

9 Fifth Meridian 
AST 0.006 0.05 <0.01 0.16 <5 9 260 55 

10 Charlie Rose AST <0.005 <0.01 <0.01 0.02 <5 9 140 21 

Coarse-grained Alberta Tier 1 
Natural Area 0.13 0.16 0.36 49 130 230 400 2,800 

Coarse-grained Alberta Tier 1 
Residential 0.048 0.16 0.36 14 30 150 400 2,800 

Bold: Exceeds one or more criteria for coarse-grained surface soil 

 

EBA also recommended the following for consideration: 

• If abandoned water wells are located on the subject site, then they must be 
decommissioned in accordance with current regulations prior to site development. 

• Organic materials have the potential to generate methane gas.  Therefore, these 
materials should be removed (i.e., low lying areas, historical drainage channels) off site. 

Based on the concerns identified during the Phase I ESA investigations, EBA and AMEC 
recommended that further environmental investigation of the potential on-site and off-site 
sources was warranted.  PCA indicated that possible impacts associated with the 
former/new ATCO power plant sites (No. 10 of Table A and No. 1 of Table B) were 
remediated and reported on by others; therefore, the ATCO power plants will not be 
addressed in further environmental investigations.  As a result, it was agreed that only nine 
locations, out of the total of 11 locations listed in Table A and Table B, will be addressed by 
this investigation.  
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2.0  SCOPE OF WORK AND METHODS 
The scope of work was based on proposals submitted to PCA, dated November 2007 and 
May 2008 (EBA File: PC22101178). 

The objectives of the contaminated site assessment are:  

• To determine/evaluate the extent and nature of potential soil and groundwater 
contamination identified by previous reports at the facilities and fuel storage locations;  

• To determine the hydrological parameters of the site;  

• To evaluate the environmental condition of the subsurface, using the Federal 
Contaminated Sites Program, including the National Classification System (NCS) 
[formerly the Federal Contaminated Sites Action Plan (FCSAP)] scores; and 

• To provide information sufficient to develop a remediation action plan (RAP) for the 
site where required. 

The objectives were based on the findings of previous Phase I ESAs and discussions with 
PCA personnel.  Investigation of the potential for organic containing materials in low lying 
areas (i.e., sloughs) was not considered as part of this investigation. 

2.1  CONTAMINATED SITE ASSESSMENT SCOPE OF WORK 
To meet the objectives stated in Section 2.0, the scope of work for the contaminated site 
assessment included the following tasks: 

• Prepared a work plan outlining the required tasks; 

• Conducted an on-site tailgate safety meeting and a pre-job hazard assessment (PJHA) 
prior to any fieldwork; 

• Coordinated utility locates (above-ground utilities and underground utilities) using 
Alberta One-Call, Shaw Cable, and a private utility locator; 

• Coordinated borehole drilling (27) and monitoring well installation (23) within a 
selection of the boreholes; 

• Conducted surface soil sampling (34) at various locations;  

• Conducted soil field screening and sampling for laboratory analysis; 

• Conducted groundwater field screening and sampling; 

• Submitted soil samples and groundwater samples to a laboratory for chemical analyses;  

• Coordinated the surveying of the groundwater monitoring wells;  

• Conducted K tests on three groundwater monitoring wells;  

• Conducted a basic site sensitivity analyses to determine the appropriate environmental 
guidelines that apply to the subject site; 
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• Interpreted the collected data; and 

• Prepared this contaminated site assessment report. 

The laboratory analyses were completed by ALS Laboratory Group (ALS) of 
Calgary, Alberta.   

2.2  METHODS 
Table D summarizes the drilling and soil and groundwater sampling methods, depths, 
analyses, and sample locations for each of the nine assessment locations of the subject site. 
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TABLE D: DRILLING PROGRAM – APPROACH AND ANALYTICAL REQUIREMENTS FOR MARCH AND AUGUST 2008 FIELDWORK 
Boreholes, Monitoring Wells, Soil Samples Analytical Requirements 

Project Objective Approach Total 
Number of 
Boreholes 

Number of 
Boreholes 
Completed 

as Wells 

Number of 
Surface Soil 

Samples 
Analyses 

Number of 
Soil 

Samples 

Number of 
Groundwater 

Samples 

Metals 10† 6 
Petroleum hydrocarbons (PHCs) 

including benzene, toluene, 
ethylbenzene, and xylenes (BTEX), 

F1 (C6 to C10), F2 (C11 to C16), 
F3 (C17 to C34), and F4 (C35 and 

greater), VOC, PAH. 

11 6 

Detailed salinity/routine water 
chemistry 6 6 

Characterization of soil 
and groundwater on the 

subject site due to the use 
as Garden River Landfill 
(FCSI No. 00022827). 

Drilling 
boreholes with 
monitoring well 
installations, and 
collecting surface 

soil samples. 

3 

3 
(08MW01, 
08MW02, 
08MW03) 

5 
(08SS24, 
08SS25, 
08SS26, 
08SS27, 
08SS28) 

Particle size 1 N/A 
Metals 10† 6 

PHCs including BTEX,  
F1 (C6 to C10), F2 (C11 to C16), 

F3 (C17 to C34), and F4 (C35 and 
greater), VOC, PAH. 

11 6 

Detailed salinity/routine water 
chemistry 7 6 

Characterization of soil 
and groundwater on the 

subject site due to the use 
as Garden River Old 

Dump  
(FCSI No. 15841002). 

 

Drilling 
boreholes with 
monitoring well 
installations, and 
collecting surface 

soil samples. 

6 

6 
(08MW04, 
08MW04B, 
08MW05A, 
08MW05B, 
08MW06A, 
08MW06B) 

5 
(08SS45, 
08SS46, 
08SS47, 
08SS48, 
08SS49) 

Particle size 2 N/A 
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TABLE D: DRILLING PROGRAM – APPROACH AND ANALYTICAL REQUIREMENTS (CONTINUED) 
Boreholes, Monitoring Wells, Soil Samples Analytical Requirements 

Project Objective Approach Total 
Number of 
Boreholes 

Number of 
Boreholes 
Completed 

as Wells 

Number of 
Surface Soil 

Samples 
Analyses 

Number of 
Soil 

Samples 

Number of 
Groundwater 

Samples 

Metals 11† 5 
PHCs including BTEX,  

F1 (C6 to C10), F2 (C11 to C16), 
F3 (C17 to C34), and F4 (C35 and 

greater) 

12 3 

Detailed salinity/routine water 
chemistry 7 5 

Characterization of soil 
and groundwater on the 
subject site due to the 

Former Septic Tile Field 
(FCSI No. 00022830). 

Drilling 
boreholes with 
monitoring well 
installations, and 
collecting surface 

soil samples. 

4 

4 
(08MW07A, 
08MW07B, 
08MW08, 
08MW09) 

5 
(08SS50, 
08SS51, 
08SS52, 
08SS53, 
08SS54) 

Particle size 1 N/A 
Metals 15† 5 

PHCs including BTEX,  
F1 (C6 to C10), F2 (C11 to C16), 

F3 (C17 to C34), and F4 (C35 and 
greater) 

15 3 

Detailed salinity/routine water 
chemistry 1 5 

Characterization of soil 
and groundwater due to 
the use as Garden River 

Airstrip  
(FCSI No. 00022199). 

Drilling 
boreholes with 
monitoring well 
installations, and 
collecting surface 

soil samples. 

3 

3 
(08MW10, 
08MW11, 
08MW12) 

8 
(08SS29, 
08SS30, 
08SS31, 
08SS32, 
08SS33, 
08SS34, 
08SS35, 
08SS36) 

Particle size 3 N/A 
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TABLE D: DRILLING PROGRAM – APPROACH AND ANALYTICAL REQUIREMENTS (CONTINUED) 
Boreholes, Monitoring Wells, Soil Samples Analytical Requirements 

Project Objective Approach Total 
Number of 
Boreholes 

Number of 
Boreholes 

Completed as 
Wells 

Number of 
Surface Soil 

Samples 
Analyses 

Number of 
Soil 

Samples 

Number of 
Groundwater 

Samples 

Metal(s) 11† 4 
PHCs including BTEX,  

F1 (C6 to C10), F2 (C11 to C16),  
F3 (C17 to C34), and F4 (C35 and 

greater) 

17 5 

Detailed salinity/routine water 
chemistry 4 4 

Characterization of soil 
and groundwater due to 
the use as Garden River 

Public Works Yard  
(FCSI No. 00022200). 

Drilling 
boreholes with 
monitoring well 
installation, and 

collecting surface 
soil samples. 

4 

4 
(08MW20, 
08MW21, 
08MW22, 
08MW23) 

8 
(08SS37, 
08SS38, 
08SS39, 
08SS40, 
08SS41, 
08SS42, 
08SS43, 
08SS44) 

Particle size 3 N/A 

Metals 8† 2 
PHCs including BTEX,  

F1 (C6 to C10), F2 (C11 to C16),  
F3 (C17 to C34), and F4 (C35 and 

greater) 

11 2 

Detailed salinity/routine water 
chemistry 2 2 

Characterization of soil 
and groundwater on the 

subject site due to the Fifth 
Meridian Market AST 

(FCSI No. 00022201) and 
Northlands School 

Historic AST  
(FCSI No. 00022828). 

Drilling 
boreholes with 
monitoring well 
installations, and 
collecting surface 

soil samples. 

4 
2 

(08MW16, 
08MW18) 

3 
(08SS55, 
08SS56, 
08SS57) 

Particle size 1 N/A 
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TABLE D: DRILLING PROGRAM – APPROACH AND ANALYTICAL REQUIREMENTS (CONTINUED) 
Boreholes, Monitoring Wells, Soil Samples Analytical Requirements 

Project Objective Approach Total 
Number of 
Boreholes 

Number of 
Boreholes 

Completed as 
Wells 

Number of 
Surface Soil 

Samples 
Analyses 

Number of 
Soil 

Samples 

Number of 
Groundwater 

Samples 

Metals 3† None 
PHCs including BTEX,  

F1 (C6 to C10), F2 (C11 to C16),  
F3 (C17 to C34), and F4 (C35 and 

greater) 

4 None 

Detailed salinity/routine water 
chemistry 2 None 

Characterization of soil 
due to the Church Historic 

AST. 

Drilling borehole 
and collecting 

surface soil 
samples. 

1 None 
2 

(08SS61, 
08SS62) 

Particle size 1 N/A 
Metal(s) 3† 1 

PHCs including BTEX,  
F1 (C6 to C10), F2 (C11 to C16),  

F3 (C17 to C34), and F4 (C35 and 
greater) 

5 1 

Detailed salinity/routine water 
chemistry 1 1 

Characterization of soil 
and groundwater due to 

the Garden River Trading 
(Charlie Rose) AST (FCSI 

No. 00022202). 

Drilling 
boreholes with 
monitoring well 
installation, and 

collecting surface 
soil samples. 

2 
1 

(08MW14) 

2 
(08SS59, 
08SS60) 

Particle size 2 N/A 
Notes: 
† Includes samples for lead analysis only.  
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2.2.1 Utility Locates 
EBA coordinated utility locates for the assessment locations listed in Table D 
(Drilling Program) of Section 2.2, using private and public utility locators.  The client 
representatives and Public Works personnel identified above-ground and underground 
facilities including, but not limited to, pipelines, telecommunications lines, power lines, and 
potential buried objects.  Facility locating was completed prior to EBA beginning any 
ground disturbance activity at the site. 

Line locates were completed for the Garden River Landfill, Garden River Old Dump, 
Former Septic Tile Field, and Garden River Airstrip on March 17, 2008.  These locations 
were assessed during the winter drilling program.   

Line locates were completed for the Garden River Public Works Yard, Fifth Meridian 
Market and Northlands School, the Church, and the Garden River Trading (Charlie Rose) 
on August 25, 2008.  These locations were assessed during the summer drilling program.  
According to Garden River Public Works personnel, underground water and sewer lines 
made of polyvinyl chloride (PVC) without attached tracing wires would be found in these 
assessment locations.  Since contact with one of these PVC lines was possible, a stand-by 
plumber and assistant were present on site with required repair equipment and materials 
during the summer drilling program.    

2.2.2 On-site Safety Meeting and Pre-job Hazard Assessment (PJHA) 
EBA conducted tailgate safety meetings with all contractors on site, which included a 
PJHA, prior to initiating work at the subject site.   

2.2.3 Drilling and Groundwater Monitoring Well Installation Program 
Mobile Augers and Research Ltd. (Mobile Augers) of Edmonton, Alberta, drilled 
16 boreholes between March 18, 2008 and March 22, 2008 (winter drilling program) and 
11 boreholes between August 26, 2008 and August 27, 2008 (summer drilling program).  
Boreholes were drilled using a 15 cm diameter solid stem augers to a maximum depth of 
11.4 m below grade (mbg).  EBA logged soils according to the Unified Soil Classification 
System (USCS), with additional comments on combustible vapour concentrations (CVCs), 
and unusual stains and/or debris.  The on-site personnel did not smell the soil in 
accordance with EBA’s Safe Work Policy.  Figure 2 shows a site plan of the community 
features and assessment areas listed in Table D.  Figure 3 through Figure 10 show site plans 
of each assessment area with the approximate locations of the monitoring wells, boreholes, 
and surface soil samples.  The borehole logs and a key to the USCS are presented in 
Appendix A.   

EBA installed groundwater monitoring wells in 23 of the 27 boreholes.  A slotted 51 mm 
PVC standpipe was inserted from the bottom of the borehole to between approximately 
3.1 mbg to 8.2 mbg, and solid PVC pipe was used for the remainder of the well to the 
surface.  Silica sand was placed in the borehole annulus from the base of the borehole to 
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0.3 m above the slotted interval of the standpipe.  To reduce the possibility of inflow of 
surface water into the standpipe, the annulus of each monitoring well, above the slotted 
section, was sealed with bentonite chips to grade.  Sand was placed above the bentonite to 
surface and the monitoring wells were secured with a stick up steel casing founded in 
concrete.  The well completion details are summarized in the borehole logs presented in 
Appendix A. 

2.2.4 Field Screening 
Soil samples were generally collected from the auger at regular intervals 
(approximately 0.5 m) and/or at changes in soil stratigraphy.  Bagged soil samples 
were screened for CVCs using a GasTech TankTechtor™ (GasTech™) portable gas 
detector calibrated to hexane and operated in methane elimination mode.  

2.2.5 Soil Sampling and Analytical Testing 
Based on the measured soil CVCs and visual observations made during drilling, soil samples 
were selected and placed in laboratory supplied 250 mL glass jars with Teflon™-lined lids, 
kept on ice in coolers, and transported to ALS Laboratories in Edmonton under chain-of-
custody (CoC) for laboratory analyses. 

The analytical program was developed based on the findings of a Phase I ESA conducted 
by EBA for the subject site dated March 2006 (EBA File: 5101390), and the findings of a 
Phase I ESA conducted by AMEC for the subject site dated November 2006.  The soil 
analytical results are summarized in Table 1 and are discussed in Section 3.3.1.  
The analytical methodologies are referenced with ALS laboratory reports in Appendix B.  
The reader is directed to these references for further details on specific analytical methods.  
The soil samples were analyzed for the parameters as indicated in Table D, Section 2.2.   

2.2.6 Groundwater Monitoring, Sampling, and Analytical Testing 
Groundwater monitoring wells were surveyed by Maltais Geomatics.  Elevations are 
geodetic ground and are referred to ASCM 889402, and coordinates are UTM Zone 11 
(NAD’83).  All monitoring wells were surveyed to determine the relative groundwater 
elevations and groundwater flow direction.   

On March 21, 2008 and August 29, 2008, EBA monitored the groundwater monitoring 
wells for well headspace CVCs and liquid levels.  CVCs were measured using a GasTech™ 
Model 1238 ME (operated in methane elimination mode calibrated to hexane).  
Groundwater levels were measured using a Heron interface probe.  Monitoring results are 
presented in Table 2 and discussed in Section 3.2.  

Subsequent to monitoring, the groundwater monitoring wells were purged to a minimum 
of three well volumes, or until dry, and allowed to recover prior to sampling.  
Groundwater samples were collected on March 24, 2008 and August 29, 2008 using 
dedicated disposable bailers, stored in laboratory supplied containers, appropriately field 
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filtered and preserved, and kept cool in a cooler.  The samples were transported to ALS 
under CoC. 

EBA developed the analytical testing program based on the recommendations from the 
2006 EBA Phase I ESA and 2006 AMEC Phase I ESA.  Groundwater analytical results are 
summarized in Table 3 and discussed in Section 3.3.2.  The analytical methodologies are 
referenced with ALS’s laboratory reports in Appendix B.     

2.2.7 Reference Guidelines 
Laboratory results for soils parameters were compared to the Canadian Council of Ministers 
of the Environment (CCME) Canadian Soil Quality Guidelines for the Protection of 
Environmental and Human Health (CCME, 2007) and to Alberta Environment (AENV) 
Alberta Tier 1 Soil and Groundwater Remediation Guidelines (AENV, 2008) for 
residential/parkland land use.  Soil samples were submitted for particle size analysis to 
establish whether the surface soils are fine or coarse textured (Section 3.3.1). 

Laboratory results for groundwater parameters were compared to the Health Canada 
Guidelines for Canadian Drinking Water Quality (CDWQ) – Summary Table (Health 
Canada, 2008), CCME Canadian Water Quality Guidelines for the Protection of Aquatic 
Life (CCME, 2007), and to AENV Tier 1 Soil and Groundwater Remediation Guidelines 
(AENV, 2008) for residential/parkland land use.  

2.2.8 Quality Assurance/Quality Control (QA/QC) Methods 
EBA’s soil and groundwater quality assurance/quality control (QA/QC) procedures include 
reviewing the data collected for appropriateness and completeness, following the 
appropriate field protocol.   

The field procedures for QA/QC involved the following: 

• Soils: 

− Changing nitrile gloves between sample collections. 

− Using sample containers provided by the laboratory. 

− Filling sample containers for PHC and volatile organic compound (VOC) analysis 
with minimal headspace (air) when the containers were closed. 

− Documenting field and sampling activities. 

• Groundwater: 

− Using a dedicated disposable bailer for each monitoring well to collect 
groundwater samples. 

− Changing nitrile gloves between wells. 

− Using sample containers provided by the laboratory. 
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− Filling the sample bottles supplied by ALS directly from the bailer, minimizing air 
contact.  Sample containers for PHCs and VOCs were filled with no headspace  
(air bubbles) when the containers were closed.  The samples were filtered and 
preserved, if required, according to the laboratory instruction. 

− Documenting field and sampling activities. 

EBA also verified QA/QC of ALS by submitting duplicate samples for soil analyses and 
groundwater analyses.   

3.0  RESULTS 

3.1  FIELD OBSERVATIONS 
This section describes the field observations noted during drilling, soil sampling, site 
monitoring, and groundwater sampling.  Figure 2 shows the Garden River Site Plan and 
eight assessment areas (one assessment area shows two locations, the Fifth Meridian market 
and the Northlands School Historic AST).  Figure 3 through Figure 10 display each 
assessment area and show the locations of borehole and/or monitoring well and surface 
samples.   

Soil analytical laboratory data is presented in Table 1, groundwater monitoring data is 
presented in Table 2, and groundwater analytical laboratory data is presented in Table 3.  
Borehole logs and well completion details are given in Appendix A.  Table A4 
at the end of Appendix A summarizes details of the surface soil samples collected on 
August 26, 2008 and August 27, 2008.   Appendix B provides ALS certificates of analysis 
for soil and groundwater. 

3.1.1 Soil Stratigraphy and Observations 
The stratigraphy observed at assessment locations north of Garden Creek (at the Garden 
River Landfill, Old Dump, Public Works Yard, Airstrip, and Former Septic Tile Field) is 
generally between 1 m and 5 m of sand, overlying a clayey silt layer (approximately 0.25 m 
thick), overlying sand.  Note that the upper 1 m depth of soil at the Garden River Landfill 
(08MW01 to 08MW03) contained solid waste (e.g., wires, glass, plastic, wood), and lumber 
was found in the upper 3 m depth of the Garden River Old Dump (08MW04 and 
08MW05).  No soil staining was encountered within the indicated boreholes, but oil staining 
was observed in the Garden River Public Works Yard.  

The stratigraphy observed at assessment locations south of Garden Creek (at the 
Fifth Meridian Market and former Northlands School, the Church, and the Garden River 
Trading – Charlie Rose) was generally clayey silt deposits to approximately 4 m depth, 
overlying sand deposits.  No soil staining was encountered on these areas. 
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3.1.2 Soil Vapour Concentrations 
The CVC readings were used to screen for PHCs in soil.  The CVCs for each soil sample 
are noted on the borehole logs and the table summarizing surface soil samples (Table A4 of 
Appendix A).  Most CVCs measured in the field ranged from less than the instrument 
detection limit to 100 parts per million (ppm).  The highest CVC, 5% lower explosive limit 
(LEL), was measured in a surface soil sample (08SS36) collected from the eastern end of the 
Garden River Airstrip, where fuel drums were located.  EBA personnel could not avoid 
noticing a diesel smell at this location.  A stained surface soil sample (08SS41) collected 
from the Public Works Yard, north of the waste oil ASTs, had a CVC of 500 ppm.  Soil 
samples from these locations were selected for laboratory analysis. 

The CVCs measured below 6 mbg in the Fifth Meridian Market and Historic Northlands 
School assessment areas were generally 200 ppm to 325 ppm.  At the nearby Church 
assessment area, the maximum CVC was 200 ppm at 4.3 mbg.  Soil samples were selected 
for laboratory analysis. 

3.2  GROUNDWATER MONITORING 
The CVCs measured in the headspace of the monitoring wells were used to screen for VOC 
in groundwater.  The CVC values were generally 50 ppm or less (Table 3).  The maximum 
CVC, 125 ppm (08MW21), and the second highest, 100 ppm (08MW22), were measured in 
Garden River Public Works Yard.  Another CVC of 100 ppm (08MW16) was measured in 
the Fifth Meridian Market area.   

Groundwater levels in 08MW01 through 08MW12 were measured on March 21, 2008 and 
on August 29, 2008 (Table 2).  In 08MW14 through 08MW23, groundwater levels were 
measured only on August 29, 2008, following installation of these wells during the summer 
drilling program.  The water levels were very similar or identical between the two 
monitoring events.  Groundwater levels ranged from 9.66 mbg (08MW01) to 5.57 mbg 
(08MW02).  Throughout the site, groundwater ranged from a highest elevation of 234.86 m 
at the Garden River Landfill of (08MW02) to a lowest elevation of 226.55 m near the banks 
of Peace River (08MW14).  Free phase hydrocarbons or sheen was not detected in any 
monitoring well during monitoring, purging, or sampling activities.   

Groundwater contours are displayed on Figure 3 through Figure 6 (the Garden River 
Landfill, Garden River Old Dump, Former Septic Tile Field, and the Garden River Airstrip 
locations, respectively).  These contour maps were prepared based on the groundwater 
elevation information obtained on March 21, 2008 (Table 2).  At Garden River Landfill, the 
interpreted direction of groundwater flow is to the northeast.  At the Garden River Old 
Dump, the flow is to the south, towards the Peace River.  At the Former Septic Tile Field, it 
is to the east.  At the Garden River Airstrip, it is to the west.  Groundwater elevations were 
measured only few days after monitoring well installation; therefore, it is possible that 
groundwater levels in the wells has not yet reached equilibrium and that the interpreted 
groundwater flow direction may not reflect stable conditions.  The estimated hydraulic 
gradients at these sites are presented in Table E. 
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TABLE E:  K TEST RESULTS AND INTERPRETATIONS 
Hydraulic Conductivity (m/s) 

Monitoring Well 
Hydraulic Gradient 

(m/m) Bouwer and 
Rice Hvorslev 

Estimated Linear 
Flow Velocity1 

(m/yr) 

08MW01 0.1 1.12 x 10-6 1.98 x 10-6 59.8 
08MW06B 0.001 1.58 x 10-6 2.46 x 10-6 0.4 
08MW07B 0.003 2.71 x 10-6 4.84 x 10-6 2.3 
08MW10 0.007 5.83 x 10-7 1.37 x 10-6 1.5 
08MW20 0.008 7.01 x 10-6 3.82 x 10-6 4.8 
Notes: 
1 Estimated using the Hvorslev hydraulic conductivity value. 

 

K tests were performed on monitoring wells 08MW01, 08MW06B, 08MW07B, and 
08MW10 on March 21, 2008, and on monitoring well 08MW20 on August 30, 2008.  
The results of the K tests are presented in Appendix C and are summarized in Table E.  
The average hydraulic conductivity (Hvorslev) of the site is 3.79 x 10-6 m/s.  Using the more 
conservative (Hvorslev) hydraulic conductivity and assuming an effective porosity of 20%, 
calculated linear flow velocities ranged from 59.8 m/year to 0.4 m/year.   

3.3  ANALYTICAL RESULTS 
The analytical results are discussed in the following sections relative to referenced 
guidelines.  The laboratory results and comparative guidelines for soil are summarized in 
Table 1.  The laboratory results and comparative guidelines for groundwater are 
summarized in Table 3.   

Duplicate soil samples were collected from Garden River Airstrip (08SS33), Garden River 
Public Works yard (08MW22), Fifth Meridian Market and Northlands School Historic AST 
(08MW16 and 08MW17), Church (08BH19), and Garden River Trading (08SS59).  
An assessment of the duplicate samples is presented in Appendix D.  Most relative percent 
differences (RPDs) between analytical values are below 75%, and show acceptable QA/QC 
for field methodology.     

Duplicate groundwater samples were collected from Garden River Public Works Yard 
(08MW21).  The analytical results were all below laboratory detection limits, and an 
assessment of field methodology QA/QC for groundwater is not possible. 

3.3.1 Analytical Results – Soils 
Approximately half of the analytical results for particle size had greater than 50% sand 
content and are described as coarse-textured material (Table 1).  Thus, the guidelines which 
apply to this site are for coarse-textured soils. 
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Measured concentrations of BTEX, chlorinated aliphatics, volatile hydrocarbons, and 
carcinogenic polyaromatic hydrocarbons (PAHs) were less than applicable guidelines and 
most were below the laboratory detection limits.  One or more of the PHC fractions F1, F2, 
F3, and F4 were greater than applicable guidelines in ten samples collected from the Garden 
River Public Works Yard, one sample from Garden River Landfill, and one sample from 
Garden River Airstrip, as summarized in Table F.   The sample from the Garden River 
Airstrip also had a combustible vapour concentration of 5% LEL.   

Generally, the measured concentrations of metals were below applicable guidelines.  One 
sample collected from Garden River Old Dump exceeded the applicable guideline for 
selenium and one sample collected from Garden River Landfill exceeded the applicable 
guideline for copper.  All electrical conductivity (EC) and sodium adsorption ratios (SARs) 
were less than the comparative guidelines.  

 

TABLE F:  SUMMARY OF SOIL CONCENTRATIONS GREATER THAN GUIDELINES (mg/kg) 
Exceedances 

Parameter Guidelines 
Sample ID Concentration 

(mg/kg) 
Location 

F1 24 mg/kg (AENV) 08SS36 
08SS41 

540 
310 

Garden River Airstrip; 
Garden River Public Works 
yard. 

F2 130 mg/kg  (AENV) 08SS36 
08MW22 (D) 1 
08SS40 
08SS41 
08SS42 
08SS43 
08SS44 

3,200 
540 (450) 1 
820 
9,000 
150 
840 
420 

Garden River Airstrip; 
Garden River Public Works 
yard. 

F3 300 mg/kg (AENV) 08SS24 
08MW21 
08MW22 (D) 1 
08SS37 
08SS39 
08SS40 
08SS41 
08SS42 
08SS43 
08SS44 

810 
8,000 
14,000 (12,000) 1 
2,100 
20,000 
11,000 
24,000 
16,000 
29,000 
11,000 

Garden River Landfill; 
Garden River Public Works 
yard. 

F4 2,800 mg/kg 
(AENV) 

08MW21 
08MW22 (D) 1 
08SS39 
08SS40 

5,200 
10,000 (12,000) 1 
23,000 
8,900 

Garden River Public Works 
yard. 
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TABLE F:  SUMMARY OF SOIL CONCENTRATIONS GREATER THAN GUIDELINES (mg/kg) 
Exceedances 

Parameter Guidelines 
Sample ID Concentration 

(mg/kg) 
Location 

08SS41 
08SS42 
08SS43 
08SS44 

10,000 
16,000 
20,000 
8,800 

Copper  63 mg/kg (CCME, 
AENV ) 

08SS24 204 Garden River Landfill. 

Selenium 1 mg/kg (CCME, 
AENV ) 

08MW04B 1.58 Garden River Old Dump. 

Note: 
1 (D) signifies a duplicate sample, and the duplicated soil analytical result is given in brackets. 
 

3.3.2 Analytical Results – Groundwater 
All measured concentrations of monoaromatic hydrocarbons, such as benzene, 
ethylbenzene, xylenes, PHC fractions F1 and F2, and chlorinated aliphatics were below the 
applicable guidelines and most were less than laboratory detection limits (Table 3).  The 
concentrations of benzo(a)anthracene and/or pyrene exceeded the applicable guidelines in 
08MW01 and 08MW03 (Garden River Landfill). 

The concentrations of most dissolved metals met the applicable guidelines.  The 
concentration of iron exceeded the applicable guidelines in one monitoring well from the 
Garden River Old Dump (08MW05B) and in one monitoring well from the Garden River 
Public Works Yard (08MW20).   

In many of the groundwater samples, the concentrations of selenium exceeded the CCME 
guideline for the protection of aquatic life.  Two groundwater samples from the Garden 
River Landfill exceeded the CCME criteria for freshwater aquatic life.  The method 
detection limit for cadmium was, however, greater than the criteria itself.  The 
concentrations of manganese also exceeded the CCME guideline in at least one sample 
from most of the monitoring wells.  Generally the manganese exceedances occurred during 
the March sampling event, but not the August sampling event.  Since manganese is a redox 
sensitive metal and will prevail as dissolved ions when dissolved oxygen is virtually absent, it 
is assumed that anoxic conditions existed in March.  The concentrations of zinc throughout 
the site also exceeded the CCME guidelines during the March groundwater sampling event.   

The groundwater samples which exceeded the applicable guidelines are summarized below 
in Table G.   
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TABLE G:  SUMMARY OF GROUNDWATER CONCENTRATIONS GREATER THAN GUIDELINES (MG/L) 
Exceedances 

Parameter Guidelines 
Sample ID Concentration 

(mg/L) 
Location 

Pyrene 0.000025 mg/L 
(CCME, AENV) 

08MW01 
08MW03 

0.00003 
0.00005 

Garden River Landfill 

Benzo(a)anthracene 0.000018 mg/L 
(CCME, AENV) 08MW01 0.00002 Garden River Landfill 

Iron 
0.3 mg/L (CCME, 

Health Canada, 
AENV) 

08MW05B 
08MW20 

2.03, 1.51 
2.63 

Garden River Old Dump 
Garden River Public Works.

Cadmium 

0.000097 mg/L 
with hardness of. 

350 mg/L 
(CCME) 

08MW01 
08MW02 

0.0015 
0.0009 

Garden River Landfill; 

Manganese 0.05 mg/L (Health 
Canada, AENV) 

08MW01 
08MW02 
08MW03 

08MW04B 
08MW05B 
08MW06B 
08MW07B 
08MW08 
08MW09 
08MW10 
08MW12 
08MW16 
08MW20 
08MW22 
08MW23 

0.142 
0.137 
0.145 

0.259, 0.538 
0.294, 0.636 

0.226 
0.010 
0.170 
0.145 
0.124 
0.101 
1.58 
0.598 
0.157 
0.176 

Garden River Landfill; 
 
 

Garden River Old 
Dump; 

 
Former Septic Tile 

Field; 
 

Garden River Airstrip; 
 

Northlands School AST; 
Garden River Public Works 

Yard. 

Zinc 0.03 mg/L 
(CCME, AENV) 

08MW01 
08MW02 
08MW03 

08MW04B 
08MW05B 
08MW06B 
08MW07B 
08MW08 
08MW09 
08MW10 
08MW11 
08MW12 
08MW14 

0.10 
0.117 
0.103 
0.0938 
0.061 

0.039, 0.033 
0.045 
0.055 
0.041 
0.066 
0.096 
0.074 
0.033 

Garden River Landfill; 
 
 

Garden River Old 
Dump; 

 
Former Septic Tile 

Field; 
 

Garden River Airstrip; 
 
 

Garden River Trading 
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TABLE G:  SUMMARY OF GROUNDWATER CONCENTRATIONS GREATER THAN GUIDELINES (MG/L) 
Exceedances 

Parameter Guidelines 
Sample ID Concentration 

(mg/L) 
Location 

Selenium 0.001 mg/L 
(CCME, AENV) 

08MW01 
08MW02 
08MW03 

08MW04B 
08MW11 
08MW12 
08MW14 
08MW16 
08MW18 
08MW20 
08MW21 
08MW22 
08MW23 

0.0017, 0.0016 
0.0016, 0.0020 
0.0047, 0.0028 
0.0108, 0.0012 
0.0061, 0.0214 

0.0066 
0.0160 
0.0179 
0.0287 
0.0028 
0.0031 
0.0051 
0.0030 

Garden River Landfill; 
 
 

Garden River Old Dump; 
Garden River Airstrip; 

 
Garden River Trading 
Fifth Meridian Market, 

 
Garden River Public Works 

Yard. 

 

4.0  CONCLUSIONS 
The subject site includes the following locations: 

1. Garden River Landfill. 

2. Garden River Old Dump. 

3. Former Septic Tile Field. 

4. Garden River Airstrip. 

5. Garden River Public Works Yard. 

6. Fifth Meridian Market.  

7. Northlands School Historic AST. 

8. Church. 

9. Garden River Trading (Charlie Rose). 

The objectives of the contaminated site assessment were as follows:  

• To determine/evaluate the extent and nature of soil and groundwater potential 
contamination identified by previous reports at the facilities and fuel storage locations.  

• To determine the hydrological parameters of the site.  
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• To evaluate the environmental condition of the site’s subsurface, using the Federal 
Contaminated Sites Program. 

• To provide information sufficient to develop a RAP where required. 

For the last five assessment areas, PVC sewer and water pipe lines without tracing wires 
were reportedly present.  Therefore, the public and private utility locators were not able to 
perform underground utility locates on March 18, 2008 for the winter drilling program.  
These assessment areas were located in consultation with client representatives and 
Public Works personnel on August 26, 2008 and were assessed during the summer 
drilling program, with the fulltime presence of an equipped plumber.   

4.1  HYDROLOGICAL PARAMETERS 
The soil at this site is generally composed of coarse-textured fluvial deposits from the 
Peace River.  The average hydraulic conductivity in groundwater at the site was 
approximately 4 x 10-6 m/s.  The estimated linear flow velocity ranged from 0.4 m/year to 
4.8 m/year, except in Garden River Landfill where high hydraulic gradients led to 
predictions of approximately 60 m/year.   

4.2  GENERAL SOIL AND GROUNDWATER QUALITY 
Soil analytical results for BTEX, PHC fractions F1 through F4, EC, SAR, metals, 
chlorinated aliphatics, volatile hydrocarbons, and carcinogenic PAHs were below the 
applicable guidelines at the Former Septic Tile Field, Garden River Trading, Fifth Meridian 
Market and Northlands School Historic AST, and the Church AST.  Soil analytical results 
which exceeded applicable guidelines will be discussed in later sections..   

The concentration of dissolved benzo(a)anthracene and/or pyrene exceeded applicable 
guidelines in two monitoring wells from the Garden River Landfill.  The concentration of 
dissolved iron exceeded the applicable guideline in one well from the Garden River Old 
Dump and one well from the Garden River Public Works yard.   

The groundwater analytical results for cadmium, manganese, selenium, and/or zinc 
exceeded the applicable guidelines in all monitoring wells.  It is suspected that most of these 
exceedances are naturally occurring, but this cannot be confirmed without comparisons 
from control areas near the site and longer term assessments of these chemicals in the 
groundwater.  Only monitoring wells with relatively high concentrations of the metals will 
be discussed in the following sections.    

The groundwater analytical results for pyrene, benzo(a)anthracene, and iron which exceeded 
the applicable guidelines will be discussed in the following sections.   

4.3  GARDEN RIVER LANDFILL 
One surface soil sample, 08SS24, collected near scrapped cars on the northern boundary of 
Garden River Landfill exceeded the applicable guidelines for F3 and copper.  The detected 
concentrations were approximately three times greater than the applicable guidelines.   
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The dissolved concentrations of pyrene and benzo(a)anthracene exceeded applicable 
guidelines in monitoring well 08MW01, located near the southeast corner of the open 
excavation at the landfill area.  This sample also had a high concentration of cadmium, 
15% higher than the applicable guideline.   The measured concentration of pyrene also 
exceeded the applicable guideline in 08MW02, located towards the west side of the 
assessment area.  The interpreted direction of groundwater flow at Garden River Landfill is 
towards the northeast. 

4.4  GARDEN RIVER OLD DUMP 
One soil sample collected from the 7.6 m depth of 08MW04B, near the summer trail to the 
river, exceeded the applicable guideline for selenium.  The concentrations of dissolved 
selenium and manganese in that monitoring well were also high.  Further north, in 
08MW05B, the concentration of dissolved manganese was 13 times higher than the 
applicable guideline, and the concentration of dissolved iron exceeded the applicable 
guideline.  The concentration of cadmium in 08MW06B, near the north end of the site, was 
about 20 times higher than the applicable guideline.  Continued monitoring of groundwater 
in throughout this assessment area would help confirm whether these represent trends in 
groundwater quality.   

4.5  GARDEN RIVER AIRSTRIP 
One surface soil sample, 08SS36, collected near the eastern end of Garden River Airstrip 
adjacent to fuel storage drums, exceeded the applicable guidelines for F1 and F2.  This 
sample had a high CVC (5% LEL, see Table 1).  The concentrations of dissolved cadmium, 
manganese, selenium and zinc in groundwater samples exceeded the applicable guidelines.  
The interpreted direction of groundwater flow at Garden River Airstrip is from east to west. 

Based on field observations, the exceedance at the airstrip likely represents isolated spills 
caused by fuelling planes at the airstrip.  It is estimated that there could be 100 cubic metres 
of impacted soil at 08SS36.  Fuel drums may have been stored at other locations in the past 
and it may be reasonable to assume that three or four other fuel storage locations also may 
have minor fuel impacts.  For the airstrip, this could represent up to 500 m3 of impacts as a 
conservative estimate but specific locations are not known at this time. 

4.6  GARDEN RIVER PUBLIC WORKS YARD 
Ten soil samples collected from Garden River Public Works Yard exceeded applicable 
guidelines for one or more PHC fraction F1, F2, F3, and F4.  The samples were collected 
from locations north of the Public Works trailer (08SS37), east and south of the Public 
Works building (08SS39, 08SS40, 08SS41, 08SS42, and the surface of 08MW21 and 
08MW22), and in the equipment parking area (08SS43 and 08SS44).  The concentrations of 
dissolved iron and manganese exceeded the applicable guidelines and were high in 
08MW20, north of the Public Works trailer near 08SS37.    

EBA’s proposed drilling plan was limited by site utilities; therefore, this assessment can only 
provide an estimate of the area and volume of impacted soil.  The area of impacts north of 
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the Public Works trailer is approximately 140 m2.  The area of impacts east and south of the 
Public Works building is approximately 1,300 m2.  The area of impacts at the equipment 
parking area is approximately 370 m2.  The total area of impacted soil in Garden River 
Public Works Yard is estimated to be 1,800 m2.  The area of impacts is based on surface soil 
analytical results and field observations of staining in these areas.  The impacts are likely a 
result of mishandling of fuels, lubricating oils and similar products at this location over a 
number of years.  Four deeper boreholes (installed as monitoring wells) found no evidence 
of PHC impacts in soil or groundwater at depth.  CVC readings throughout the soil profile 
of these boreholes was generally low.  For the majority of stained areas, it is likely that the 
impacts are surficial only but to be conservative, it should be assumed that at some 
locations, the impacts are deeper.   

Soil samples collected at a depth of 8.5 m in the impacted areas met the applicable 
guidelines for PHC fractions F1, F2, F3, and F4.  Assuming impacts extend to at least 1.5 m 
across the site, the extent of surficial soil impacts at the site are 2,700 m3.   We should 
assume that at some locations, the impacts are at greater depths.  Allowing for a 50% 
contingency, the volume of PHC impacted soil at this location is estimated at 4,000 m3. 

5.0  RECOMMENDATIONS 
Each assessment site was assessed using 2008 CCME National Classification System for 
Contaminated Sites (NCSCS).  The following summarizes the NCSCS assessment:   

• The Public Works Yard has a total NCSCS score of 75.8 and is ranked as a Class 1 Site, 
which has a high priority for action.   

• The Garden River Airstrip has a total NCSCS score of 75.2 and is ranked as a Class 1 
Site, which has a high priority for action.   

• The Garden River Landfill has a total NCSCS score of 68.5 and is ranked as a Class 2 
Site, which has a medium priority for action.   

• The Garden River Old Dump has a total NCSCS score of 63.9 and is ranked as a Class 
2 Site, which has a medium priority for action.   

• The Northlands School Historic AST has a total NCSCS score of 52.1 and is ranked as 
a Class 2 Site, which has a medium priority for action.   

• The Former Septic Field has a total NCSCS score of 50.5 and is ranked as a Class 2 Site, 
which has a medium priority for action.   

• The Garden River Trading (Charlie Rose) AST has a total NCSCS score of 47.2 and is 
ranked as a Class 3 Site, which has a low priority for action.   

• The Fifth Meridian Market AST has a total NCSCS score of 47.2 and is ranked as a 
Class 3 Site, which has a low priority for action.   

• The Church Historic AST was not assessed using NCSCS since there were no detected 
exceedances.   
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Guidance for landfill operations is detailed in AENV’s Protection Code of Practice for 
Landfills1.  The solid waste materials encountered within the upper metre of the area of the 
current and former landfill locations should be sealed/capped by means of placing 
impermeable soil/material on the surface of the same areas.  Setbacks according to 
regulations should be observed for these two landfill sites.    

There were hydrocarbon impacts in the soil throughout the Garden River Public Works 
yard.  Impacts were associated with ASTs, and equipment storage, and barrel storage.  
The estimated volume of hydrocarbon impacted soil is 4,000 m3.  A RAP for this 
assessment area is provided in Appendix D.   

There were hydrocarbon soil impacts at locations adjacent to the fuel drum storage at the 
east end of the Garden River Airstrip.  The conservative estimate of impacted soil volume is 
500 m3.  A RAP for this assessment area is provided in Appendix E.  

6.0  LIMITATIONS OF REPORT 
This report and its contents are intended for the sole use of Parks Canada Agency and their 
agents.  EBA 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 Parks Canada Agency, 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 report is subject to the terms and 
conditions stated in EBA’s Services Agreement and in the Geo-environment 
Report - General Conditions provided in Appendix F of this report. 

                                                 
1  http://www.qp.gov.ab.ca/documents/codes/LANDFILL.CFM 
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7.0  CLOSURE 
We trust the information herein satisfies your present requirements.  Should you have any 
questions, please contact the undersigned directly. 
 
Respectfully submitted, 
EBA Engineering Consultants Ltd. 
 
 
 
 
 
 
 
 
Nayef Mahgoub, P.Eng. 
Environmental Engineer 
CAELUM Group, Environment Practice 
Direct Line:  403.203.3305 x222 
nmahgoub@eba.ca 

Herb ZierVogel, P.Eng. 
Senior Environmental Engineer 
Environment Practice 
Direct Line:  780.451.2130 x267 
hziervogel@eba.ca 

 
/dlm  
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0.8 m 9.2 m 0.8 m 4.6 m 0.8 m 9.2 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0.8 m 7.6 m 0.8 m 7.6 m 0.8 m 7.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m
Physical Observations
Material Type NG NG
Field Texture NG NG Sand Sand Clayey Silt Sand Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Sand Sandy Silt Clayey Silt Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand
Colour NG NG ReBr ReBr Gr Br Br Br Br Br Br GrBr Gr LtOlBr LtGr Br Br Br Br Br
Measured Headspace Vapours % LEL/ppm NG NG 10 ppm 100 ppm ND 50 ppm 25 ppm 20 ppm 50 ppm 5 ppm 10 ppm 10 ppm 20 ppm 25 ppm ND 25 ppm ND 50 ppm 50 ppm 20 ppm 30 ppm 25 ppm 25 ppm 25 ppm
Soil Staining NG NG
Hydrocarbons
Benzene mg/kg 0.073 0.030 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.039 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Toluene mg/kg 0.49 0.37 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ethylbenzene mg/kg 0.21 0.082 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Xylenes mg/kg 12 11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02
F1 (C6 to C10) mg/kg 24 NG <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
F2 (C10 to C16) mg/kg 130 NG <5 <5 <5 <5 <5 <5 <20 <20 <20 <20 <20 <5 <5 <5 <5 <5 <5 <20 <20 <20 <20 <20
F3 (C16 to C34) mg/kg 300 NG 7 <5 6 7 6 <5 810 <20 <20 <20 <20 6 10 7 7 7 <5 <20 <20 <20 <20 <20
F4 (C34 to C50) mg/kg 2,800 NG <5 <5 <5 <5 <5 <5 50 <20 <20 <20 <20 <5 <5 <5 <5 <5 <5 <20 <20 <20 <20 <20
F4 (C34+)HGT3 mg/kg 2,800 NG
Chromatograph to baseline at nC50 NG NG Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total Purgeable Hydrocarbons (TPH) mg/kg NG NG <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Total Hydrocarbons (TEH) mg/kg NG NG 7 <5 6 7 6 <5 860 <20 <20 <20 <20 6 10 7 7 7 <5 <20 <20 <20 <20 <20
Soil Moisture Content % NG NG 5.3 5 12 15 16 12 18 9.0 10 6.5 7.1 11 27 16 10 24 8.8 8.1 7.8 7.8 10 11
Routine
pH pH-unit 6 to 8.5 6 to 8 7.78 7.94 6.44 7.48 7.42 7.88 7.12 7.82 7.43 7.89 7.73 8.05 7.3
Electrical Conductivity (EC) dS/m ** 2 0.33 0.44 0.27 0.35 0.39 0.23 0.19 0.27 0.39 0.23 0.25 0.28 0.33
Sodium Adsorption Ratio (SAR) Ratio ** 5 0.68 0.56 0.56 0.7 0.6 0.36 0.42 0.6 0.31 0.47 0.33 0.49 0.3
Saturation % NG NG 28.7 26.7 46 27.3 45 30.7 40.7 60 50 29.3 56 27.3 44.3
Soluble Salts
Calcium (Ca) mg/kg NG NG 13 16 15 12 25 9 10 15 32 8 21 9 29
Magnesium (Mg) mg/kg NG NG 1.6 3.3 3 2.1 3 2 2 6 5 1.9 4 2.4 7
Sodium (Na) mg/kg NG NG 5.2 4.9 6.3 5.2 8 2.5 3.6 9 5 3 5 3.4 4.5
Potassium (K) mg/kg NG NG 0.9 1.1 1.7 1.4 1.5 1.1 1.5 3 2 1.2 <1 1.5 <0.9
Chloride (Cl) mg/kg NG NG <6 7 <9 5 <9 <6 <8 <10 <10 <6 <10 <5 <9
Sulphate (SO4) mg/kg NG NG 8 25 23 11 15 4 3 20 18 9 4 10 7
Calcium (Ca) meq/L NG NG 2.2 2.99 1.66 2.14 2.72 1.45 1.18 1.24 3.15 1.32 1.88 1.68 3.3
Magnesium (Mg) meq/L NG NG 0.46 1.01 0.6 0.63 0.6 0.54 0.5 0.89 0.78 0.55 0.65 0.72 1.3
Sodium (Na) meq/L NG NG 0.79 0.79 0.59 0.83 0.78 0.36 0.39 0.62 0.44 0.45 0.38 0.54 0.45
Potassium (K) meq/L NG NG 0.08 0.11 0.1 0.13 0.08 0.09 0.09 0.14 0.1 0.1 <0.05 0.14 <0.05
Chloride (Cl) meq/L NG NG <0.56 0.76 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56
Sulphate (SO4) meq/L NG NG 0.55 1.97 1.04 0.82 0.67 0.24 0.14 0.69 0.74 0.61 0.15 0.78 0.32
Particle Size Analysis
MUST PSA % > 75um % NG NG 25 98 12
Metals
Antimony (Sb) mg/kg 20 20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.2 <0.2 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.2 <0.2
Arsenic (As) mg/kg 17 12 5.47 3.50 10.7 5.91 10.4 3.12 5.7 6.5 10.3 7.90 10.4 1.57 9.32 2.71 5.8 10.3
Barium (Ba) mg/kg 500 500 127 79.2 134 122 160 65.9 442 152 168 224 250 37.8 319 54.5 270 255
Beryllium (Be) mg/kg 5 4 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 <1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 <1
Cadmium (Cd) mg/kg 10 10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.5 <0.5 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.5 <0.5
Chromium (Cr) mg/kg 64 64 7.04 5.73 17.0 8.69 17.9 5.21 15.7 10.1 12.9 18.3 14.8 4.18 14.7 5.16 19.5 20.9
Cobalt (Co) mg/kg 20 50 4.3 2.8 8.9 4.7 8.0 2.8 7.0 5.0 7.9 10.8 8.6 1.9 7.9 2.7 8.0 8.0
Copper (Cu) mg/kg 63 63 8.7 4.7 23.2 10.6 22.2 4.9 204 10 22.8 27.3 26.8 3.1 25.1 5.2 12 22
Lead (Pb) mg/kg 140 140 5.6 <5.0 9.5 <5.0 8.8 <5.0 9.0 7.0 10 <5 9.0 10.3 10.7 <5.0 9.6 <5.0 10 10 11 10
Mercury (Hg) mg/kg 6.6 6.6 <0.050 <0.050 0.066 <0.050 0.065 <0.050 <0.05 <0.05 0.061 0.056 0.084 <0.050 0.068 <0.050 <0.05 <0.05
Molybdenum (Mo) mg/kg 4 10 <1.0 <1.0 1.1 <1.0 1.2 <1.0 <1 <1 1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 1.0
Nickel (Ni) mg/kg 50 50 13.1 7.9 25.9 14.8 27.0 8.6 15 14 30.2 33.3 29.9 4.8 25.7 7.9 16 24
Selenium (Se) mg/kg 1 1 <0.50 <0.50 0.51 <0.50 0.50 <0.50 0.3 0.3 <0.50 1.58 <0.50 <0.50 <0.50 <0.50 0.4 0.6
Silver (Ag) mg/kg 20 20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <1 <1 <0.20 <0.20 0.23 <0.20 0.22 <0.20 <1 <1
Thallium (Tl) mg/kg 1 1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1 <1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1 <1
Tin (Sn) mg/kg 5 50 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5 <5 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5 <5
Uranium (U) mg/kg 23 23 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 <2 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 <2
Vanadium (V) mg/kg 130 130 14.0 9.1 28.9 16.8 27.3 9.9 30 23 24.8 28.5 27.5 6.0 27.2 9.2 36 40
Zinc (Zn) mg/kg 200 200 40.4 22.4 67.7 45.7 62.8 23.4 140 50 81.1 89.9 83.2 13.3 78.2 22.1 90 90
Chlorinated Aliphatics
1,1-Dichloroethene mg/kg 0.021 5 <0.01 <0.01 <0.01 <0.01
Methylene Chloride mg/kg 0.095 5 <0.01 <0.01 <0.01 <0.01
trans-1,2-Dichloroethene mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
1,1-Dichloroethane mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
Chloroform mg/kg 0.0010 5 <0.01 <0.01 <0.01 <0.01
1,1,1-Trichloroethane mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
Carbon Tetrachloride mg/kg 0.00056 5 <0.01 <0.01 <0.01 <0.01
Trichloroethene mg/kg 0.012 5 <0.01 <0.01 <0.01 <0.01
1,2-Dichloropropane mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
cis-1,3-Dichloropropene mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
trans-1,3-Dichloropropene mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
1,1,2-Trichloroethane mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
1,2-Dichloroethane mg/kg 0.0027 5 <0.01 <0.01 <0.01 <0.01
Tetrachloroethylene mg/kg 0.16 5 <0.01 <0.01 <0.01 <0.01
1,1,2,2-Tetrachloroethane mg/kg NG 5 <0.02 <0.02 <0.02 <0.02
Volatile Hydrocarbons (EPA) 
Thiophene mg/kg NG NG <0.01 <0.01 <0.01 <0.01
Chlorobenzene mg/kg 0.018 2 <0.01 <0.01 <0.01 <0.01
Styrene mg/kg NG 5 <0.01 <0.01 <0.01 <0.01
1,3-Dichlorobenzene mg/kg NG 2 <0.01 <0.01 <0.01 <0.01
1,4-Dichlorobenzene mg/kg 0.098 2 <0.01 <0.01 <0.01 <0.01
1,2-Dichlorobenzene mg/kg 0.18 2 <0.01 <0.01 <0.01 <0.01
Carcinogenic Polyaromatic Hydrocarbons (PAHs)
Naphthalene mg/kg 0.018 0.6 0.02 <0.01 <0.01 <0.01
Quinoline mg/kg NG NG <0.01 <0.01 <0.01 <0.01
Phenanthrene mg/kg 0.061 5 0.01 <0.01 <0.01 0.02
Pyrene mg/kg 0.040 10 0.01 <0.01 <0.01 <0.01
Benzo(a)anthracene mg/kg 0.083 1 <0.01 <0.01 <0.01 <0.01
Benzo(b&j)fluoranthene mg/kg NG 1 <0.01 <0.01 <0.01 <0.01
Benzo(k)fluoranthene mg/kg NG 1 <0.01 <0.01 <0.01 <0.01
Benzo(a)pyrene mg/kg 0.77 0.7 <0.01 <0.01 <0.01 <0.01
Indeno(1,2,3-cd)pyrene mg/kg NG 1 <0.01 <0.01 <0.01 <0.01
Dibenzo(a,h)anthracene mg/kg 8.4 1 <0.01 <0.01 <0.01 <0.01
Laboratory Identification No. L613338 L613338 L613338 L613338 L613338 L613338 L676396-180 L676396-181 L676396-182 L676396-183 L676396-184 L613338 L613338 L613338 L613338 L613338 L613338 L676396-202 L676396-203 L676396-204 L676396-205 L676396-206
Notes:
1   Alberta Environment (AENV). August 2008. Alberta Tier I Soil and Groundwater Remediation Guidelines.  Referenced guidelines are for Residential/Park Land use, coarse textured surface soils.
2 Canadian Council of Ministers of the Environment (CCME). September 2007. Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Referenced guidelines are for Residential/Parkland Land use, coarse textured surface soils.
3 Fraction F4 (C34+)HGT determined by high temperature gas chromatograph.
NG - No guidelines established. Topsoil (A-horizon)
Blank - Not analyzed. Value Rational Value Rational
Bold  - Greater than the referenced guideline. EC (dS/m) <2 Good <3 Good
Soil Texture Abbreviations:  L=Loam, CL=Clay Loam, SL=Sandy Loam, SiL=Silt Loam, LS=Loamy Sand, S=Sand, Si=Silt, C=Clay, HC=Heavy Clay, SiCL=Silty Clay Loam, SCL=Sandy Clay Loam. SAR <4 Good <4 Good
Soil Colour Abbreviations:  Bl.=Black, Dk.=Dark, Lt.=Light, Br.=Brown, Gr.=Grey or Greyish, Ol.=Olive, Ye.=Yellowish, Re.=Reddish.

Parameter**

Material Type

Subsoil (B-horizon)

TABLE 1:  SOIL ANALYTICAL RESULTS

Parameters Units Guidelines2 08MW01 08MW02
Garden River Landfill

08MW03 08SS24 08SS27Guidelines1 08MW05B08MW0508MW04B08MW04
Garden River Old Dump

08SS2808SS25 08SS26 08SS46 08SS47 08SS4908MW06 08SS45 08SS48

Contaminated Site Assessment - Table 1.xls, Soil Table 1-pg1
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3.1 m 7.6 m 3.1 m 7.6 m 3.1 m 7.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.1 m 9.2 m 0 - 0.1 m 7.6 m 0 - 0.1 m 9.2 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m
Physical Observations
Material Type NG NG
Field Texture NG NG Sand Sand Silty Sand Silty Clay Silty Sand Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Sandy Silt Sandy Silt Sandy Silt Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand
Colour NG NG Br Br Br GrBr Br Br Br Br Br Br ReBr ReBr Gr Br Br Br Br Br Br Br Br Br
Measured Headspace Vapours % LEL/ppm NG NG 25 ppm ND 50 ppm ND 100 ppm 75 ppm ND 15 ppm 30 ppm 30 ppm ND ND 25 ppm 25 ppm ND 10 ppm ND ND ND ND 25 ppm 25 ppm ND ND ND 10 ppm 5% LEL
Soil Staining NG NG
Hydrocarbons
Benzene mg/kg 0.073 0.030 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Toluene mg/kg 0.49 0.37 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ethylbenzene mg/kg 0.21 0.082 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Xylenes mg/kg 12 11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.01 0.46 <0.01 <0.01 <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 2.7
F1 (C6 to C10) mg/kg 24 NG <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 540

F2 (C10 to C16) mg/kg 130 NG <5 <5 <5 <5 <5 <5 <20 <20 <20 <20 <20 <20 <5 <5 <5 <5 <5 <5 <20 <20 <20 <20 <20 <20 <20 <20 3,200

F3 (C16 to C34) mg/kg 300 NG <5 5 <5 <5 <5 110 20 <20 <20 <20 30 <20 100 6 <5 <5 <5 <5 20 <20 <20 30 <20 <20 <20 <20 40
F4 (C34 to C50) mg/kg 2,800 NG <5 <5 <5 <5 <5 33 <20 <20 <20 30 <20 <20 <5 <5 <5 <5 <5 <5 <20 <20 <20 30 <20 <20 <20 <20 <20
F4 (C34+)HGT3 mg/kg 2,800 NG
Chromatograph to baseline at nC50 NG NG Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total Purgeable Hydrocarbons (TPH) mg/kg NG NG <5 <5 <5 <5 <5 <5 <5 <5 5 <5 <5 <5
Total Hydrocarbons (TEH) mg/kg NG NG <5 5 <5 <5 <5 140 20 <20 <20 30 30 <20 100 6 5 <5 <5 <5 20 <20 <20 60 <20 <20 <20 <20 3,800
Soil Moisture Content % NG NG 5.3 3.7 5.8 5.1 5.6 14 6.7 7.3 7.5 7.6 7.3 6.5 9.5 20 11 2.7 13 18 7.2 12 6.3 8.6 9.3 11 4.9 7.6 22
Routine
pH pH-unit 6 to 8.5 6 to 8 7.74 7.94 7.84 7.88 7.84 7.94 7.6 7.0
Electrical Conductivity (EC) dS/m ** 2 0.27 0.24 0.32 0.28 0.24 0.24 0.26 0.28
Sodium Adsorption Ratio (SAR) Ratio ** 5 0.46 0.67 2.28 1.22 0.54 0.69 0.1 0.1
Saturation % NG NG 39.3 32 34.7 28 33.3 24 39.1 52.6
Soluble Salts
Calcium (Ca) mg/kg NG NG 13 8 7 7 8 6 23 32
Magnesium (Mg) mg/kg NG NG 4 2 2 2 3 1.7 3 5
Sodium (Na) mg/kg NG NG 4.6 4.8 15.1 7.4 4.1 3.6 1.6 2
Potassium (K) mg/kg NG NG 1.7 1.3 1.1 1.2 1 1 1.1 7
Chloride (Cl) mg/kg NG NG <8 <6 <7 <6 <7 <5 <8 <10
Sulphate (SO4) mg/kg NG NG 9 7 13 8 5 6 4 7
Calcium (Ca) meq/L NG NG 1.67 1.26 0.97 1.16 1.16 1.2 3.0 3.0
Magnesium (Mg) meq/L NG NG 0.79 0.63 0.42 0.6 0.82 0.59 0.73 0.8
Sodium (Na) meq/L NG NG 0.51 0.65 1.9 1.15 0.53 0.66 0.18 0.14
Potassium (K) meq/L NG NG 0.11 0.11 0.08 0.11 0.08 0.1 0.07 0.36
Chloride (Cl) meq/L NG NG <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56
Sulphate (SO4) meq/L NG NG 0.46 0.42 0.78 0.58 0.32 0.56 0.22 0.28
Particle Size Analysis
MUST PSA % > 75um % NG NG 13 94 71 9
Metals
Antimony (Sb) mg/kg 20 20 <0.20 <0.20 <0.20 0.35 <0.20 <0.20 <0.2 <0.2 <0.2 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.2 <0.2 <0.2 <0.2 <0.2
Arsenic (As) mg/kg 17 12 7.39 5.37 7.79 4.54 6.44 3.16 8.4 6.7 6.3 7.35 4.56 6.58 2.84 10.4 3.61 8.8 8.5 8.7 6.6 4.2
Barium (Ba) mg/kg 500 500 238 99.1 212 78.1 167 60.3 236 272 219 69.8 89.5 150 56.0 169 97.1 167 195 194 173 309
Beryllium (Be) mg/kg 5 4 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 <1 <1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 <1 <1 <1 <1
Cadmium (Cd) mg/kg 10 10 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.5 <0.5 <0.5 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.5 <0.5 <0.5 <0.5 <0.5
Chromium (Cr) mg/kg 64 64 8.11 6.43 9.82 5.36 8.23 3.97 21.1 20.4 19.8 11.7 7.67 8.94 4.79 19.5 7.53 20.1 21.1 23.9 22.0 18.6
Cobalt (Co) mg/kg 20 50 4.9 4.0 6.0 3.6 4.5 2.6 8 9 7 5.7 4.1 5.3 2.4 8.9 3.8 8 8 9 9 7
Copper (Cu) mg/kg 63 63 11.4 7.2 14.4 6.7 9.3 4.5 14 12 11 14.7 7.1 11.6 4.5 24.9 7.5 14 17 14 9 9
Lead (Pb) mg/kg 140 140 5.6 <5.0 6.6 <5.0 <5.0 <5.0 10 9 11 9 10 5.6 <5.0 5.1 <5.0 9.3 <5.0 7 7 9 10 9 8 8 7 7
Mercury (Hg) mg/kg 6.6 6.6 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.05 <0.05 <0.05 <0.050 <0.050 <0.050 <0.050 0.067 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05
Molybdenum (Mo) mg/kg 4 10 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 <1 <1 <1.0 <1.0 1.0 <1.0 <1.0 <1.0 <1 <1 <1 <1 <1
Nickel (Ni) mg/kg 50 50 15.4 11.3 17.8 11.0 14.2 6.9 20 16 16 19.8 13.0 16.2 7.0 29.9 12.2 20 21 20 17 14
Selenium (Se) mg/kg 1 1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.6 0.4 0.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.5 0.4 0.4 0.3 0.3
Silver (Ag) mg/kg 20 20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <1 <1 <1 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <1 <1 <1 <1 <1
Thallium (Tl) mg/kg 1 1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1 <1 <1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <1 <1 <1 <1 <1
Tin (Sn) mg/kg 5 50 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5 <5 <5 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5 <5 <5 <5 <5
Uranium (U) mg/kg 23 23 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 <2 <2 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 <2 <2 <2 <2
Vanadium (V) mg/kg 130 130 17.2 13.3 19.8 11.7 16.5 7.9 40 40 37 22.2 14.6 19.2 8.5 30.9 15.2 37 39 42 38 32
Zinc (Zn) mg/kg 200 200 57.1 36.1 64.6 30.0 47.1 19.9 70 70 70 46.3 34.2 52.9 18.6 66.0 34.9 70 70 70 60 80
Chlorinated Aliphatics
1,1-Dichloroethene mg/kg 0.021 5
Methylene Chloride mg/kg 0.095 5
trans-1,2-Dichloroethene mg/kg NG 5
1,1-Dichloroethane mg/kg NG 5
Chloroform mg/kg 0.0010 5
1,1,1-Trichloroethane mg/kg NG 5
Carbon Tetrachloride mg/kg 0.00056 5
Trichloroethene mg/kg 0.012 5
1,2-Dichloropropane mg/kg NG 5
cis-1,3-Dichloropropene mg/kg NG 5
trans-1,3-Dichloropropene mg/kg NG 5
1,1,2-Trichloroethane mg/kg NG 5
1,2-Dichloroethane mg/kg 0.0027 5
Tetrachloroethylene mg/kg 0.16 5
1,1,2,2-Tetrachloroethane mg/kg NG 5
Volatile Hydrocarbons (EPA) 
Thiophene mg/kg NG NG
Chlorobenzene mg/kg 0.018 2
Styrene mg/kg NG 5
1,3-Dichlorobenzene mg/kg NG 2
1,4-Dichlorobenzene mg/kg 0.098 2
1,2-Dichlorobenzene mg/kg 0.18 2
Carcinogenic Polyaromatic Hydrocarbons (PAHs)
Naphthalene mg/kg 0.018 0.6
Quinoline mg/kg NG NG
Phenanthrene mg/kg 0.061 5
Pyrene mg/kg 0.040 10
Benzo(a)anthracene mg/kg 0.083 1
Benzo(b&j)fluoranthene mg/kg NG 1
Benzo(k)fluoranthene mg/kg NG 1
Benzo(a)pyrene mg/kg 0.77 0.7
Indeno(1,2,3-cd)pyrene mg/kg NG 1
Dibenzo(a,h)anthracene mg/kg 8.4 1
Laboratory Identification No. L613338 L613338 L613338 L613338 L613338 L613338 L676396-207 L676396-208 L676396-209 L676396-212 L676396-210 L676396-211 L613338 L613338 L613338 L613338 L613338 L613338 L676396-185 L676396-186 L676396-187 L676396-188 L676396-189 L676396-193 L676396-190 L676396-191 L676396-192
Notes:
1   Alberta Environment (AENV). August 2008. Alberta Tier I Soil and Groundwater Remediation Guidelines.  Referenced guidelines are for Residential/Park Land use, coarse textured surface soils.
2 Canadian Council of Ministers of the Environment (CCME). September 2007. Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Referenced guidelines are for Residential/Parkland Land use, coarse textured surface soils.
3 Fraction F4 (C34+)HGT determined by high temperature gas chromatograph.
NG - No guidelines established.
Blank - Not analyzed. Topsoil (A-horizon)
Bold  - Greater than the referenced guideline. Value Rational Value Rational
Soil Texture Abbreviations:  L=Loam, CL=Clay Loam, SL=Sandy Loam, SiL=Silt Loam, LS=Loamy Sand, S=Sand, Si=Silt, C=Clay, HC=Heavy Clay, SiCL=Silty Clay Loam, SCL=Sandy Clay Loam. EC (dS/m) <2 Good <3 Good
Soil Colour Abbreviations:  Bl.=Black, Dk.=Dark, Lt.=Light, Br.=Brown, Gr.=Grey or Greyish, Ol.=Olive, Ye.=Yellowish, Re.=Reddish. SAR <4 Good <4 Good

Guidelines1 08MW08 08SS33Guidelines2 08MW07 08MW07B 08MW09 08SS50 08SS51

TABLE 1:  SOIL ANALYTICAL RESULTS

Parameters Units 08MW10 08MW11 08SS33D08SS54
Garden River Airstrip

08SS34
Former Septic Tile Field

08SS52 08SS52D 08SS53

Parameter**

Material Type

Subsoil (B-horizon)

08SS3608MW12 08SS29 08SS30 08SS31 08SS32 08SS35

Contaminated Site Assessment - Table 1.xls, Soil Table 1-pg2
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0.6 m 8.5 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 6.1 m 6.1 m 8.5 m 4.3 m 4.3 m 9.2 m 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 4.3 m 4.3 m 0 - 0.6 m 0 - 0.6 m
Physical Observations
Material Type NG NG
Field Texture NG NG Clayey Silt Sand Clayey Silt Clayey Silt Clayey Silt Sand Sand Sand Sand Sand Sand Clayey Silt Clayey Silt Clayey Silt Clayey Silt Clayey Silt Sandy Silt Sandy Silt Clayey Silt Clayey Silt
Colour NG NG GrBr ReBr DkBr DkBr DkBr Br Br Br YeBr YeBr YeBr DkBr DkBr DkBr DkBr DkBr Gr Gr DkBr DkBr
Measured Headspace Vapours % LEL/ppm NG NG 25 ppm 75 ppm 75 ppm 75 ppm ND 325 ppm 325 ppm 275 ppm 80 ppm 80 ppm 300 ppm 200 ppm 50 ppm 10 ppm 50 ppm 75 ppm 200 ppm 200 ppm 10 ppm 5 ppm
Soil Staining NG NG
Hydrocarbons
Benzene mg/kg 0.073 0.030 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.008 <0.005 <0.005 <0.005 <0.005
Toluene mg/kg 0.49 0.37 0.03 <0.01 0.08 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 <0.01 <0.01 <0.01
Ethylbenzene mg/kg 0.21 0.082 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Xylenes mg/kg 12 11 0.04 <0.02 0.12 0.05 <0.02 0.04 0.04 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.17 <0.02 <0.02 <0.02 <0.02
F1 (C6 to C10) mg/kg 24 NG <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
F2 (C10 to C16) mg/kg 130 NG <20 <20 <20 <20 <20 30 40 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
F3 (C16 to C34) mg/kg 300 NG 70 <20 90 300 <20 <20 <20 <20 <20 <20 <20 40 70 <20 20 90 <20 <20 50 <20
F4 (C34 to C50) mg/kg 2,800 NG 40 <20 50 110 30 <20 <20 <20 <20 <20 <20 20 40 <20 <20 30 <20 <20 90 <20
F4 (C34+)HGT3 mg/kg 2,800 NG <500
Chromatograph to baseline at nC50 NG NG Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
Total Purgeable Hydrocarbons (TPH) mg/kg NG NG
Total Hydrocarbons (TEH) mg/kg NG NG 110 <20 140 410 30 30 40 <20 <20 <20 <20 60 110 <20 20 120 <20 <20 140 <20
Soil Moisture Content % NG NG 17 11 23 20 18 3.3 3.4 15 3.9 7.6 18 21 15 20 22 20 20 20 20 31
Routine
pH pH-unit 6 to 8.5 6 to 8 6.7 7.2 7.1 7.3 7.6
Electrical Conductivity (EC) dS/m ** 2 0.32 0.33 0.21 0.29 0.41
Sodium Adsorption Ratio (SAR) Ratio ** 5 0.5 0.2 0.5 0.3 0.4
Saturation % NG NG 68.3 73.5 62.1 36.2 43.7
Soluble Salts
Calcium (Ca) mg/kg NG NG 43 50 23 21 26
Magnesium (Mg) mg/kg NG NG 11 11 5 4 6
Sodium (Na) mg/kg NG NG 12 6 8 3.3 5.4
Potassium (K) mg/kg NG NG 12 6 2 <0.7 1.7
Chloride (Cl) mg/kg NG NG <10 <10 10 <7 18
Sulphate (SO4) mg/kg NG NG 23 19 11 16 32
Calcium (Ca) meq/L NG NG 3.2 3.4 1.9 2.8 2.9
Magnesium (Mg) meq/L NG NG 1.3 1.2 0.70 0.87 1.2
Sodium (Na) meq/L NG NG 0.78 0.34 0.53 0.40 0.54
Potassium (K) meq/L NG NG 0.45 0.20 0.09 <0.05 0.10
Chloride (Cl) meq/L NG NG <0.56 <0.56 0.65 <0.56 1.2
Sulphate (SO4) meq/L NG NG 0.71 0.53 0.36 0.91 1.5
Particle Size Analysis
MUST PSA % > 75um % NG NG 96 9 89 20
Metals
Antimony (Sb) mg/kg 20 20 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Arsenic (As) mg/kg 17 12 5.0 4.7 2.2 5.9 5.2 11.9 10.6 10.5 8.7 14.4 7.0
Barium (Ba) mg/kg 500 500 79 115 55 109 88 428 397 388 227 285 341
Beryllium (Be) mg/kg 5 4 <1 <1 <1 <1 <1 1 1 1 <1 <1 <1
Cadmium (Cd) mg/kg 10 10 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 0.7 <0.5 <0.5 0.6 1.4
Chromium (Cr) mg/kg 64 64 16.5 5.5 3.8 6.9 7.1 38.8 31.4 31.7 14.4 20.3 19.0
Cobalt (Co) mg/kg 20 50 4 4 3 4 4 15 13 12 6 7 8
Copper (Cu) mg/kg 63 63 7 6 4 8 8 33 30 31 16 25 20
Lead (Pb) mg/kg 140 140 16 15 23 <5 <5 <5 <5 <5 20 17 16 8 11 14
Mercury (Hg) mg/kg 6.6 6.6 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Molybdenum (Mo) mg/kg 4 10 3 <1 <1 <1 <1 1 1 1 1 2 <1
Nickel (Ni) mg/kg 50 50 13 10 6 11 10 42 38 36 19 25 25
Selenium (Se) mg/kg 1 1 0.3 0.3 0.5 <0.2 <0.2 1.3 1.1 1.2 0.4 0.6 0.9
Silver (Ag) mg/kg 20 20 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Thallium (Tl) mg/kg 1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Tin (Sn) mg/kg 5 50 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Uranium (U) mg/kg 23 23 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Vanadium (V) mg/kg 130 130 15 15 8 17 17 68 54 56 30 38 31
Zinc (Zn) mg/kg 200 200 30 30 20 40 40 170 160 130 80 110 170
Chlorinated Aliphatics
1,1-Dichloroethene mg/kg 0.021 5
Methylene Chloride mg/kg 0.095 5
trans-1,2-Dichloroethene mg/kg NG 5
1,1-Dichloroethane mg/kg NG 5
Chloroform mg/kg 0.0010 5
1,1,1-Trichloroethane mg/kg NG 5
Carbon Tetrachloride mg/kg 0.00056 5
Trichloroethene mg/kg 0.012 5
1,2-Dichloropropane mg/kg NG 5
cis-1,3-Dichloropropene mg/kg NG 5
trans-1,3-Dichloropropene mg/kg NG 5
1,1,2-Trichloroethane mg/kg NG 5
1,2-Dichloroethane mg/kg 0.0027 5
Tetrachloroethylene mg/kg 0.16 5
1,1,2,2-Tetrachloroethane mg/kg NG 5
Volatile Hydrocarbons (EPA) 
Thiophene mg/kg NG NG
Chlorobenzene mg/kg 0.018 2
Styrene mg/kg NG 5
1,3-Dichlorobenzene mg/kg NG 2
1,4-Dichlorobenzene mg/kg 0.098 2
1,2-Dichlorobenzene mg/kg 0.18 2
Carcinogenic Polyaromatic Hydrocarbons (PAHs)
Naphthalene mg/kg 0.018 0.6
Quinoline mg/kg NG NG
Phenanthrene mg/kg 0.061 5
Pyrene mg/kg 0.040 10
Benzo(a)anthracene mg/kg 0.083 1
Benzo(b&j)fluoranthene mg/kg NG 1
Benzo(k)fluoranthene mg/kg NG 1
Benzo(a)pyrene mg/kg 0.77 0.7
Indeno(1,2,3-cd)pyrene mg/kg NG 1
Dibenzo(a,h)anthracene mg/kg 8.4 1
Laboratory Identification No. L676396-68 L676396-96 L676396-217 L676396-218 L676396-219 L676396-123 L676396-130 L676396-127 L676396-137 L676396-147 L676396-145 L676396-148 L676396-216 L676396-213 L676396-214 L676396-215 L676396-169 L676396-179 L676396-220 L676396-221
Notes:
1   Alberta Environment (AENV). August 2008. Alberta Tier I Soil and Groundwater Remediation Guidelines.  Referenced guidelines are for Residential/Park Land use, coarse textured surface soils.
2 Canadian Council of Ministers of the Environment (CCME). September 2007. Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Referenced guidelines are for Residential/Parkland Land use, coarse textured surface soils.
3 Fraction F4 (C34+)HGT determined by high temperature gas chromatograph.
NG - No guidelines established.
Blank - Not analyzed. Topsoil (A-horizon)
Bold  - Greater than the referenced guideline. Value Rational Value Rational
Soil Texture Abbreviations:  L=Loam, CL=Clay Loam, SL=Sandy Loam, SiL=Silt Loam, LS=Loamy Sand, S=Sand, Si=Silt, C=Clay, HC=Heavy Clay, SiCL=Silty Clay Loam, SCL=Sandy Clay Loam. EC (dS/m) <2 Good <3 Good
Soil Colour Abbreviations:  Bl.=Black, Dk.=Dark, Lt.=Light, Br.=Brown, Gr.=Grey or Greyish, Ol.=Olive, Ye.=Yellowish, Re.=Reddish. SAR <4 Good <4 Good

ChurchGarden River Trading (Charlie Rose)
08MW16 08MW16D 08MW16

Fifth Meridian Market and Northlands School Historic AST
08SS59D 08SS60 08MW18 08SS55Guidelines1

TABLE 1:  SOIL ANALYTICAL RESULTS

Parameters Units 08BH13 08BH17Guidelines2 08SS61 08SS6208BH17D 08SS5808BH1708MW14 08SS59 08SS56 08SS57

Parameter**

Material Type

Subsoil (B-horizon)

08BH19D08BH19

Contaminated Site Assessment - Table 1.xls, Soil Table 1-pg3
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0.6 m 9.2 m 0.6 m 8.5 m 0.6 m 0.6 m 8.5 m 0.6 m 6.1 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m
Physical Observations
Material Type NG NG
Field Texture NG NG Silty Sand Sand Silty Sand Gravely Sand Silty Sand Silty Sand Sand Silty Sand Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand Silty Sand
Colour NG NG LtYeBr LtGrBr Br Br Br Br Br GrBr Br Br Br Br Br Br Br Br Br
Measured Headspace Vapours % LEL/ppm NG NG 50 ppm 125 ppm 100 ppm 50 ppm 75 ppm 75 ppm 75 ppm 50 ppm 50 ppm 25 ppm 5 ppm 50 ppm 150 ppm 500 ppm 25 ppm 50 ppm 50 ppm
Soil Staining NG NG Oil Oil Oil Staining Staining Oil Oil
Hydrocarbons
Benzene mg/kg 0.073 0.030 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Toluene mg/kg 0.49 0.37 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ethylbenzene mg/kg 0.21 0.082 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Xylenes mg/kg 12 11 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.02 0.03
F1 (C6 to C10) mg/kg 24 NG <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 6 310 <5 11 10
F2 (C10 to C16) mg/kg 130 NG <20 <20 110 <20 540 450 <20 <20 <20 <20 <20 90 820 9,000 150 840 420

F3 (C16 to C34) mg/kg 300 NG <20 <20 8,000 <20 14,000 12,000 <20 20 <20 2,100 <20 20,000 11,000 24,000 16,000 29,000 11,000

F4 (C34 to C50) mg/kg 2,800 NG <20 <20 1,200 <20 2,600 2,300 <20 60 <20 100 <20 6,200 1,300 810 2,200 2,100 1,200
F4 (C34+)HGT3 mg/kg 2,800 NG 5,200 10,000 12,000 23,000 8,900 10,000 16,000 20,000 8,800

Chromatograph to baseline at nC50 NG NG Yes Yes No Yes No No Yes Yes Yes Yes Yes No No No No No No
Total Purgeable Hydrocarbons (TPH) mg/kg NG NG
Total Hydrocarbons (TEH) mg/kg NG NG <20 <20 9,300 <20 17,000 15,000 <20 80 <20 2,200 <20 26,000 13,000 34,000 18,000 32,000 13,000
Soil Moisture Content % NG NG 7.1 16 7.9 17 11 10 19 2.9 3.7 7.4 2.8 5.0 10 7.3 4.0 7.7 7.4
Routine
pH pH-unit 6 to 8.5 6 to 8 7.6 8.2 7.1 7.2
Electrical Conductivity (EC) dS/m ** 2 0.44 0.20 0.42 0.41
Sodium Adsorption Ratio (SAR) Ratio ** 5 0.4 0.3 0.3 0.3
Saturation % NG NG 34.3 32.5 37.9 38.5
Soluble Salts
Calcium (Ca) mg/kg NG NG 23 10 33 31
Magnesium (Mg) mg/kg NG NG 5 2 4 5
Sodium (Na) mg/kg NG NG 4.4 2.6 3.8 4.0
Potassium (K) mg/kg NG NG 1.3 1.0 1.0 1.1
Chloride (Cl) mg/kg NG NG 11 <6 <8 8
Sulphate (SO4) mg/kg NG NG 23 9 13 55
Calcium (Ca) meq/L NG NG 3.4 1.6 4.4 4.1
Magnesium (Mg) meq/L NG NG 1.2 0.56 0.92 1.2
Sodium (Na) meq/L NG NG 0.55 0.35 0.43 0.46
Potassium (K) meq/L NG NG 0.10 0.08 0.07 0.07
Chloride (Cl) meq/L NG NG 0.86 <0.56 <0.56 0.6
Sulphate (SO4) meq/L NG NG 1.4 0.55 0.72 3.00
Particle Size Analysis
MUST PSA % > 75um % NG NG 90 75 76
Metals
Antimony (Sb) mg/kg 20 20 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Arsenic (As) mg/kg 17 12 7.3 8.6 6.3 6.6 5.9 6.9 8.0 7.7 7.0
Barium (Ba) mg/kg 500 500 196 160 132 152 142 188 199 182 201
Beryllium (Be) mg/kg 5 4 <1 <1 <1 <1 <1 <1 <1 <1 <1
Cadmium (Cd) mg/kg 10 10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Chromium (Cr) mg/kg 64 64 14.9 17.8 9.7 11.4 10.0 14.9 16.1 22.2 16.3
Cobalt (Co) mg/kg 20 50 7 7 5 5 5 6 7 7 7
Copper (Cu) mg/kg 63 63 14 16 13 14 11 13 16 11 18
Lead (Pb) mg/kg 140 140 7 8 6 7 5 8 8 9 7 9 10
Mercury (Hg) mg/kg 6.6 6.6 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Molybdenum (Mo) mg/kg 4 10 1 <1 1 1 <1 <1 1 <1 2
Nickel (Ni) mg/kg 50 50 19 21 15 16 16 18 20 18 18
Selenium (Se) mg/kg 1 1 0.4 0.7 0.3 0.3 0.3 0.4 0.4 0.4 0.4
Silver (Ag) mg/kg 20 20 <1 <1 <1 <1 <1 <1 <1 <1 <1
Thallium (Tl) mg/kg 1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Tin (Sn) mg/kg 5 50 <5 <5 <5 <5 <5 <5 <5 <5 <5
Uranium (U) mg/kg 23 23 <2 <2 <2 <2 <2 <2 <2 <2 <2
Vanadium (V) mg/kg 130 130 30 33 22 24 23 31 33 42 31
Zinc (Zn) mg/kg 200 200 60 60 80 90 50 60 90 70 90
Chlorinated Aliphatics
1,1-Dichloroethene mg/kg 0.021 5
Methylene Chloride mg/kg 0.095 5
trans-1,2-Dichloroethene mg/kg NG 5
1,1-Dichloroethane mg/kg NG 5
Chloroform mg/kg 0.0010 5
1,1,1-Trichloroethane mg/kg NG 5
Carbon Tetrachloride mg/kg 0.00056 5
Trichloroethene mg/kg 0.012 5
1,2-Dichloropropane mg/kg NG 5
cis-1,3-Dichloropropene mg/kg NG 5
trans-1,3-Dichloropropene mg/kg NG 5
1,1,2-Trichloroethane mg/kg NG 5
1,2-Dichloroethane mg/kg 0.0027 5
Tetrachloroethylene mg/kg 0.16 5
1,1,2,2-Tetrachloroethane mg/kg NG 5
Volatile Hydrocarbons (EPA) 
Thiophene mg/kg NG NG
Chlorobenzene mg/kg 0.018 2
Styrene mg/kg NG 5
1,3-Dichlorobenzene mg/kg NG 2
1,4-Dichlorobenzene mg/kg 0.098 2
1,2-Dichlorobenzene mg/kg 0.18 2
Carcinogenic Polyaromatic Hydrocarbons (PAHs)
Naphthalene mg/kg 0.018 0.6
Quinoline mg/kg NG NG
Phenanthrene mg/kg 0.061 5
Pyrene mg/kg 0.040 10
Benzo(a)anthracene mg/kg 0.083 1
Benzo(b&j)fluoranthene mg/kg NG 1
Benzo(k)fluoranthene mg/kg NG 1
Benzo(a)pyrene mg/kg 0.77 0.7
Indeno(1,2,3-cd)pyrene mg/kg NG 1
Dibenzo(a,h)anthracene mg/kg 8.4 1
Laboratory Identification No. L676396-1 L676396-15 L676396-19 L676396-32 L676396-35 L676396-67 L676396-48 L676396-51 L676396-60 L676396-194 L676396-195 L676396-196 L676396-197 L676396-198 L676396-199 L676396-200 L676396-201
Notes:
1   Alberta Environment (AENV). August 2008. Alberta Tier I Soil and Groundwater Remediation Guidelines.  Referenced guidelines are for Residential/Park Land use, coarse textured surface soils.
2 Canadian Council of Ministers of the Environment (CCME). September 2007. Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Referenced guidelines are for Residential/Parkland Land use, coarse textured surface soils.
3 Fraction F4 (C34+)HGT determined by high temperature gas chromatograph.
NG - No guidelines established.
Blank - Not analyzed. Topsoil (A-horizon)
Bold  - Greater than the referenced guideline. Value Rational Value Rational
Soil Texture Abbreviations: L=Loam, CL=Clay Loam, SL=Sandy Loam, SiL=Silt Loam, LS=Loamy Sand, S=Sand, Si=Silt, C=Clay, HC=Heavy Clay, SiCL=Silty Clay Loam, SCL=Sandy Clay Loam. EC (dS/m) <2 Good <3 Good
Soil Colour Abbreviations: Bl.=Black, Dk.=Dark, Lt.=Light, Br.=Brown, Gr.=Grey or Greyish, Ol.=Olive, Ye.=Yellowish, Re.=Reddish. SAR <4 Good <4 Good

TABLE 1:  SOIL ANALYTICAL RESULTS

Parameters Units Guidelines1 08SS37 08SS38 08SS3908MW22D 08MW23 08SS44Guidelines2 08SS40 08SS41 08SS42 08SS43
Garden River Public Works

08MW20

Parameter**

Material Type

Subsoil (B-horizon)

08MW21 08MW2208MW22

Contaminated Site Assessment - Table 1.xls,  Soil Table 1-pg4
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Groundwater 
levels

Groundwater 
levels

Groundwater 
levels

Groundwater 
levels

Groundwater 
Elevation* 

Groundwater 
Elevation* 

(mBTOC) (mbg) (mBTOC) (mbg) (m) (m)
Top (m) Bottom (m) Top (m) Bottom (m) 21-Mar-08 29-Aug-08

Garden River Landfill
08MW01 11.3 241.37 242.29 0.92 8.2 11.3 10.06 9.14 10.58 9.66 233.17 230.07 232.23 231.71
08MW02 6.7 240.73 241.87 1.14 3.7 6.7 7.01 5.87 7.01 5.87 237.03 234.03 234.86 234.86
08MW03 11.3 241.38 242.47 1.09 11.3 10.68 9.59 10.66 9.57 231.79 231.81
Garden River Old Dump
08MW04 6.1 238.84 240.03 1.19 3.1 6.1 dry dry dry dry 235.74 232.74 dry dry
08MW04B 9.8 238.88 240.16 1.29 6.7 9.8 9.28 8.00 9.31 8.02 232.18 229.08 230.88 230.85
08MW05 6.1 239.09 240.31 1.22 3.1 6.1 dry dry dry dry 235.99 232.99 dry dry
08MW05B 9.8 239.07 240.27 1.20 6.7 9.8 9.34 8.14 9.35 8.16 232.37 229.27 230.93 230.92
08MW06 8.4 239.06 240.34 1.28 6.4 8.4 dry dry 9.27 7.99 232.66 230.66 dry dry
08MW06B 9.8 238.95 240.29 1.34 6.7 9.8 9.32 7.98 9.29 7.95 232.25 229.15 230.97 231.00
Former Septic Tile Field
08MW07 6.1 239.12 239.00 -0.12 3.1 6.1 dry dry 5.87 5.99 236.02 233.02 dry dry
08MW07B 9.2 239.21 239.04 -0.17 6.1 9.2 7.85 8.03 7.85 8.02 233.11 230.01 231.19 231.19
08MW08 9.8 239.33 239.22 -0.11 6.7 9.8 8.10 8.21 8.01 8.13 232.63 229.53 231.12 231.20
08MW09 9.2 239.14 239.03 -0.11 6.1 9.2 7.89 8.00 damaged damaged 233.04 229.94 231.14 #VALUE!
Garden River Airstrip
08MW10 9.8 240.87 242.08 1.20 6.7 9.8 10.16 8.96 10.12 8.92 234.17 231.07 231.91 231.95
08MW11 9.8 240.98 242.26 1.27 6.7 9.8 10.35 9.08 10.35 9.08 234.28 231.18 231.91 231.90
08MW12 9.8 241.33 242.57 1.24 6.7 9.8 10.23 8.99 10.00 8.76 234.63 231.53 232.34 232.57
Garden River Trading (Charlie Rose)
08MW14 10.1 235.73 235.62 -0.11 6.9 9.9 9.07 9.19 228.83 225.83 226.55
Fifth Meridian Market
08MW16 9.9 236.50 236.39 -0.10 6.9 9.9 9.21 9.31 229.60 226.60 227.18
08MW18 9.9 235.99 235.91 -0.08 6.9 9.9 8.96 9.04 229.09 226.09 226.94
Garden River Public Works
08MW20 11.4 240.72 240.66 -0.06 8.4 11.4 9.16 9.22 232.32 229.32 231.50
08MW21 9.8 240.19 240.13 -0.06 6.9 9.9 8.60 8.67 233.29 230.29 231.52
08MW22 9.7 240.17 240.06 -0.10 6.9 9.9 8.54 8.64 233.27 230.27 231.52
08MW23 9.9 239.82 239.76 -0.06 6.9 9.9 8.41 8.47 232.92 229.92 231.34
Notes:
mbg - Metres beneath ground level.
mBTOC - Metres below top of casing.
Blank cell - No data.
Bold  - Groundwater elevation is above the screen elevation.

TABLE 2: GROUNDWATER MONITORING RESULTS

Monitoring Well 
ID

Borehole 
Depth (mbg)

Ground 
Surface 

Elevation (m)

Top of Casing 
(TOC) 

Elevation (m)

Height of  
Stickup (m)

Slotted Interval  
(mBG) Slotted Interval Elevation

21-Mar-08 29-Aug-08

Contaminated Site Assessment - Table 2.xls 2008 GW Mon. Table
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24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08
Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 20 20 20
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.81 7.79 7.81
pH (field) pH NG NG NG 6.51 6.57 6.55 6.59 6.67 6.63
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 692 681 635
Electrical Conductivity (EC) (field) µS/cm NG NG NG 801 682 899 675 917 636
Temperature (Field) Degrees C NG NG NG 1.88 13.1 2.38 11.8 2.08 11.1
Alkalinity Total (as CaCO3) mg/L NG NG NG 358 348 329
Total Dissolved Solids mg/L 500 500 NG 388 376 355
Hardness mg/L NG NG NG 359 350 338
Calcium (Ca) mg/L NG NG NG 106 115 103 106 99.7 96.5
Magnesium (Mg) mg/L NG NG NG 22.8 25.6 22.5 23.7 21.7 22.4
Potassium (K) mg/L NG NG NG 2.54 3.5 2.25 2.3 2.87
Sodium (Na) mg/L 200 200 NG 10.6 11.1 10.2 7.1 8.9
Chloride (Cl) mg/L 230 250 NG 7.8 7.6 4.4
Sulphate (SO4) mg/L 500 500 NG 21.7 20 19.3
Bicarbonate (HCO-

3) mg/L NG NG NG 436 424 402
Carbonate (CO3) mg/L NG NG NG <5 <5 <5
Hydroxide mg/L NG NG NG <5 <5 <5
Nitrite + Nitrate - N mg/L NG NG NG 0.5 0.48 0.24
Nitrate - N3 mg/L 3 10 3 0.5 0.48 0.24
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05 <0.05
Ionic Balance % NG NG NG 98 98.4 101
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Thiophene mg/L NG NG NG <0.001 <0.001 <0.001
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013 <0.001 <0.001 <0.001
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072 <0.001 <0.001 <0.001
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.05 <0.05 <0.05
1,3-Dichlorobenzene mg/L NG NG 0.15 <0.001 <0.001 <0.001
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026 <0.001 <0.001 <0.001
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0007 <0.001 <0.001 <0.001
Naphthalene mg/L 0.0011 NG 0.0011 <0.00001 <0.00001 <0.00001
Quinoline mg/L NG NG NG <0.00001 <0.00001 <0.00001
Acenaphthene mg/L 0.0058 NG 0.0058 <0.00001 <0.00001 <0.00001
Fluorene mg/L 0.003 NG 0.003 <0.00001 <0.00001 <0.00001
Phenanthrene mg/L 0.0004 NG 0.0004 <0.00001 <0.00001 <0.00001
Anthracene mg/L 0.000012 NG 0.000012 0.00001 <0.00001 <0.00001
Acridine mg/L NG NG NG 0.00001 <0.00001 <0.00001
Fluoranthene mg/L 0.003 NG 0.00004 0.00002 <0.00001 <0.00001
Pyrene mg/L 0.000025 NG 0.000025 0.00003 <0.00001 0.00005
Benzo(a)anthracene mg/L 0.000018 NG 0.000018 0.00002 <0.00001 <0.00001
Chrysene mg/L 0.0014 NG 0.0014 0.00002 <0.00001 <0.00001
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048 0.00003 <0.00001 <0.00001
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048 0.00001 <0.00001 <0.00001
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015 0.00001 <0.00001 <0.00001
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.00021 0.00001 <0.00001 <0.00001
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026 0.00001 <0.00001 <0.00001
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG <0.001 <0.001 <0.001
Methylene Chloride mg/L 0.05 NG 0.0981 <0.001 <0.001 <0.001
trans-1,2-Dichloroethene mg/L NG NG NG <0.001 <0.001 <0.001
1,1-Dichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Chloroform mg/L 0.0018 NG 0.0018 <0.001 <0.001 <0.001
1,2-Dichloroethane mg/L 0.005 0.005 0.1 <0.001 <0.001 <0.001
1,1,1-Trichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133 <0.001 <0.001 <0.001
Trichloroethene mg/L 0.005 0.005 0.021 <0.001 <0.001 <0.001
1,2-Dichloropropane mg/L NG NG NG <0.001 <0.001 <0.001
cis-1,3-Dichloropropene mg/L NG NG NG <0.001 <0.001 <0.001
trans-1,3-Dichloropropene mg/L NG NG NG <0.001 <0.001 <0.001
1,1,2-Trichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Tetrachloroethylene mg/L 0.03 0.03 0.111 <0.001 <0.001 <0.001
1,1,2,2-Tetrachloroethane mg/L NG NG NG <0.002 <0.002 <0.002
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.0050 <0.01 <0.0050 <0.01 0.0293 <0.01
Antimony (Sb) mg/L 0.006 0.006 NG <0.00010 <0.0004 0.0001 <0.0004 0.00016 <0.0004
Arsenic (As) mg/L 0.005 0.010 0.005 0.00116 <0.0004 0.00116 <0.0004 0.00279 <0.0004
Barium (Ba) mg/L 1 1 NG 0.383 0.430 0.373 0.445 0.357 0.451
Beryllium (Be) mg/L NG NG NG <0.00050 <0.001 <0.00050 <0.001 <0.00050 <0.001
Bismuth (Bi) mg/L NG NG NG <0.00050 <0.00050 <0.00050
Boron (B) mg/L 5 5 NG 0.024 <0.05 0.025 <0.05 0.02 <0.05
Cadmium (Cd) mg/L 0.005 0.005 0.000097 0.000053 0.0015 0.000053 0.0009 0.000053 <0.0001
Chromium (Cr), mg/L 0.05 0.05 0.21 0.00063 <0.005 0.00243 <0.005 0.00051 <0.005
Cobalt (Co) mg/L NG NG NG 0.00065 <0.002 0.00064 <0.002 0.00059 <0.002
Copper (Cu) mg/L 1 1 0.026 0.00566 0.006 0.00117 0.002 0.00703 0.004
Iron (Fe) mg/L 0.3 0.3 0.3 0.153 <0.005 0.174 0.005 0.208 0.014
Lead (Pb) mg/L 0.01 0.01 0.0095 <0.00010 <0.0001 <0.00010 <0.0001 0.00018 <0.0001
Lithium (Li) mg/L NG NG NG 0.633 0.020 0.612
Manganese(Mn) mg/L 0.05 0.05 NG 0.142 0.033 0.137 0.022 0.145 0.010
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 0.00139 <0.005 0.00135 <0.005 0.00154 <0.005
Nickel (Ni) mg/L NG NG 0.15 0.00121 0.006 0.00112 0.004 0.00131 <0.002
Selenium (Se) mg/L 0.001 0.01 0.001 0.0017 0.0016 0.0016 0.0020 0.0047 0.0028
Silver (Ag) mg/L NG NG NG <0.000010 0.0001 <0.000010 <0.0001 <0.000010 <0.0001
Strontium (Sr) mg/L NG NG NG 0.287 0.287 0.264
Thallium (Tl) mg/L NG NG NG <0.00010 <0.0001 <0.00010 <0.0001 <0.00010 <0.0001
Tin (Sn) mg/L NG NG NG <0.00010 <0.05 <0.00010 <0.05 <0.00010 <0.05
Titanium (Ti) mg/L NG NG NG <0.0010 <0.001 <0.0010 <0.001 0.0011 <0.001
Uranium (U) mg/L 0.02 0.02 NG 0.00341 0.0042 0.00339 0.0042 0.00572 0.0040
Vanadium (V) mg/L NG NG NG <0.0010 <0.001 <0.0010 <0.001 <0.0010 <0.001
Zinc (Zn) mg/L 0.03 5.0 0.03 0.10 0.023 0.117 0.004 0.103 0.018
Laboratory Identification No. L612590-1 L676397-1 L612590-2 L676397-2 L612590-3 L676397-3
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2  Health Canada. May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary Table. In In Canadian 
   Environmental Quality Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than highest referenced guideline.

08MW02 08MW03
Comparative 
Guidelines1

Comparative 
Guidelines3

TABLE 3: GROUNDWATER ANALYTICAL RESULTS

Parameters Units
Comparative 
Guidelines2

Garden River Landfill
08MW01

Contaminated Site Assessment - Table 3.xls Groundwater Table pg1,2 Page 1 of 6
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24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08
Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 25 ND 10
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.74 7.71 7.73
pH (field) pH NG NG NG 6.41 6.73 6.54 6.91 6.49 6.77
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 739 752 786
Electrical Conductivity (EC) (field) µS/cm NG NG NG 728 750 775 737 746 776
Temperature (Field) Degrees C NG NG NG 2.1 13.8 2.2 13.7 2.7 13.6
Alkalinity Total (as CaCO3) mg/L NG NG NG 356 355 371
Total Dissolved Solids mg/L 500 500 NG 420 428 449
Hardness mg/L NG NG NG 394 381 398
Calcium (Ca) mg/L NG NG NG 111 78.2 107 114 110 117
Magnesium (Mg) mg/L NG NG NG 28.4 24.5 27.7 29.0 30 31.4
Potassium (K) mg/L NG NG NG 3.73 1.3 3.33 3.8 3.32 5.1
Sodium (Na) mg/L 200 200 NG 8.6 55.7 10.6 10.7 11 12.9
Chloride (Cl) mg/L 230 250 NG 4.4 4.7 4.2
Sulphate (SO4) mg/L 500 500 NG 48 57.2 64.1
Bicarbonate (HCO-

3) mg/L NG NG NG 435 433 452
Carbonate (CO3) mg/L NG NG NG <5 <5 <5
Hydroxide mg/L NG NG NG <5 <5 <5
Nitrite + Nitrate - N mg/L NG NG NG 0.55 0.9 0.81
Nitrate - N3 mg/L 3 10 3 0.55 0.9 0.81
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05 <0.05
Ionic Balance % NG NG NG 101 96.2 95.6
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Thiophene mg/L NG NG NG <0.001 <0.001 <0.001
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013 <0.001 <0.001 <0.001
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072 <0.001 <0.001 <0.001
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.05 <0.05 <0.05
1,3-Dichlorobenzene mg/L NG NG 0.15 <0.001 <0.001 <0.001
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026 <0.001 <0.001 <0.001
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0007 <0.001 <0.001 <0.001
Naphthalene mg/L 0.0011 NG 0.0011 <0.00001 <0.00001 <0.00001
Quinoline mg/L NG NG NG <0.00001 <0.00001 <0.00001
Acenaphthene mg/L 0.0058 NG 0.0058 <0.00001 <0.00001 <0.00001
Fluorene mg/L 0.003 NG 0.003 <0.00001 <0.00001 <0.00001
Phenanthrene mg/L 0.0004 NG 0.0004 <0.00001 <0.00001 <0.00001
Anthracene mg/L 0.000012 NG 0.000012 <0.00001 <0.00001 <0.00001
Acridine mg/L NG NG NG <0.00001 <0.00001 <0.00001
Fluoranthene mg/L 0.003 NG 0.00004 <0.00001 <0.00001 <0.00001
Pyrene mg/L 0.000025 NG 0.000025 <0.00001 0.00002 <0.00001
Benzo(a)anthracene mg/L 0.000018 NG 0.000018 <0.00001 <0.00001 <0.00001
Chrysene mg/L 0.0014 NG 0.0014 <0.00001 <0.00001 <0.00001
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048 <0.00001 <0.00001 <0.00001
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048 <0.00001 <0.00001 <0.00001
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015 <0.00001 <0.00001 <0.00001
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.00021 <0.00001 <0.00001 <0.00001
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026 <0.00001 <0.00001 <0.00001
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG <0.001 <0.001 <0.001
Methylene Chloride mg/L 0.05 NG 0.0981 <0.001 <0.001 <0.001
trans-1,2-Dichloroethene mg/L NG NG NG <0.001 <0.001 <0.001
1,1-Dichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Chloroform mg/L 0.0018 NG 0.0018 <0.001 <0.001 <0.001
1,2-Dichloroethane mg/L 0.005 0.005 0.1 <0.001 <0.001 <0.001
1,1,1-Trichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133 <0.001 <0.001 <0.001
Trichloroethene mg/L 0.005 0.005 0.021 <0.001 <0.001 <0.001
1,2-Dichloropropane mg/L NG NG NG <0.001 <0.001 <0.001
cis-1,3-Dichloropropene mg/L NG NG NG <0.001 <0.001 <0.001
trans-1,3-Dichloropropene mg/L NG NG NG <0.001 <0.001 <0.001
1,1,2-Trichloroethane mg/L NG NG NG <0.001 <0.001 <0.001
Tetrachloroethylene mg/L 0.03 0.03 0.111 <0.001 <0.001 <0.001
1,1,2,2-Tetrachloroethane mg/L NG NG NG <0.002 <0.002 <0.002
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.0050 <0.01 <0.025 <0.01 <0.025 <0.01
Antimony (Sb) mg/L 0.006 0.006 NG <0.00010 0.0005 <0.00050 <0.0004 <0.00050 <0.0004
Arsenic (As) mg/L 0.005 0.010 0.005 0.00133 0.0014 0.00398 0.0034 0.00115 <0.0004
Barium (Ba) mg/L 1 1 NG 0.329 0.061 0.381 0.420 0.355 0.352
Beryllium (Be) mg/L NG NG NG <0.00050 <0.001 <0.0025 <0.001 <0.0025 <0.001
Bismuth (Bi) mg/L NG NG NG <0.00050 <0.0025 <0.0025
Boron (B) mg/L 5 5 NG 0.016 <0.05 <0.050 <0.05 <0.050 <0.05
Cadmium (Cd) mg/L 0.005 0.005 0.000097 <0.000050 <0.0001 <0.00025 <0.0001 <0.00025 0.0021
Chromium (Cr), mg/L 0.05 0.05 0.21 <0.00050 <0.005 <0.0025 <0.005 <0.0025 <0.005
Cobalt (Co) mg/L NG NG NG 0.00143 <0.002 0.00188 0.002 0.0018 <0.002
Copper (Cu) mg/L 1 1 0.026 0.00327 0.003 0.0177 0.004 0.00742 0.009
Iron (Fe) mg/L 0.3 0.3 0.3 <0.030 <0.005 2.03 1.51 0.044 0.013
Lead (Pb) mg/L 0.01 0.01 0.0095 <0.00010 <0.0001 <0.00050 0.0001 <0.00050 0.0002
Lithium (Li) mg/L NG NG NG 0.536 0.542 0.360
Manganese(Mn) mg/L 0.05 0.05 NG 0.259 0.538 0.294 0.636 0.226 0.043
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 0.000868 0.015 0.00095 <0.005 0.00076 <0.005
Nickel (Ni) mg/L NG NG 0.15 0.00183 0.006 0.0033 0.004 0.0028 0.004
Selenium (Se) mg/L 0.001 0.01 0.001 0.0108 0.0012 <0.0050 0.0006 <0.0050 0.0037
Silver (Ag) mg/L NG NG NG <0.000010 <0.0001 <0.000050 <0.0001 <0.000050 <0.0001
Strontium (Sr) mg/L NG NG NG 0.272 0.171 0.165
Thallium (Tl) mg/L NG NG NG <0.00010 <0.0001 <0.00050 <0.0001 <0.00050 <0.0001
Tin (Sn) mg/L NG NG NG <0.00010 <0.05 <0.00050 <0.05 <0.00050 <0.05
Titanium (Ti) mg/L NG NG NG 0.0011 0.001 <0.0050 <0.001 <0.0050 <0.001
Uranium (U) mg/L 0.02 0.02 NG 0.00383 0.0097 0.00354 0.0034 0.00483 0.0053
Vanadium (V) mg/L NG NG NG <0.0010 <0.001 <0.0050 <0.001 <0.0050 <0.001
Zinc (Zn) mg/L 0.03 5.0 0.03 0.0938 0.026 0.061 0.019 0.039 0.033
Laboratory Identification No. L612590-4 L676397-4 L612590-5 L676397-5 L612590-6 L676397-6
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2  Health Canada. May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary Table. In In Canadian 
   Environmental Quality Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than lowest referenced guideline.
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24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08 24-Mar-08 damaged
Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 25 10
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.88 7.83 7.78
pH (field) pH NG NG NG 6.51 6.84 6.58 6.83 6.49
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 638 644 696
Electrical Conductivity (EC) (field) µS/cm NG NG NG 807 599 741 654 731
Temperature (Field) Degrees C NG NG NG 2 13.8 2.1 13.5 2
Alkalinity Total (as CaCO3) mg/L NG NG NG 322 316 350
Total Dissolved Solids mg/L 500 500 NG 356 359 388
Hardness mg/L NG NG NG 325 324 362
Calcium (Ca) mg/L NG NG NG 92.4 94.2 90.2 97.5 101
Magnesium (Mg) mg/L NG NG NG 22.8 23.0 24.1 25.1 26.6
Potassium (K) mg/L NG NG NG 3.94 3.9 4.07 4.1 3.2
Sodium (Na) mg/L 200 200 NG 8.7 7.7 10.6 10.4 6.5
Chloride (Cl) mg/L 230 250 NG 2.8 3.7 4.2
Sulphate (SO4) mg/L 500 500 NG 31.5 35.8 33.8
Bicarbonate (HCO-

3) mg/L NG NG NG 392 385 427
Carbonate (CO3) mg/L NG NG NG <5 <5 <5
Hydroxide mg/L NG NG NG <5 <5 <5
Nitrite + Nitrate - N mg/L NG NG NG 0.23 0.15 0.53
Nitrate - N3 mg/L 3 10 3 0.23 0.15 0.53
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05 <0.05
Ionic Balance % NG NG NG 97.1 98.3 96.6
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050 <0.00050
Thiophene mg/L NG NG NG
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.05 <0.05 <0.05
1,3-Dichlorobenzene mg/L NG NG 0.15
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0
Naphthalene mg/L 0.0011 NG 0.0011
Quinoline mg/L NG NG NG
Acenaphthene mg/L 0.0058 NG 0.0058
Fluorene mg/L 0.003 NG 0.003
Phenanthrene mg/L 0.0004 NG 0.0004
Anthracene mg/L 0.000012 NG 0.000012
Acridine mg/L NG NG NG
Fluoranthene mg/L 0.003 NG 0.00004
Pyrene mg/L 0.000025 NG 0.000025
Benzo(a)anthracene mg/L 0.000018 NG 0.000018
Chrysene mg/L 0.0014 NG 0.0014
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.0002
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG
Methylene Chloride mg/L 0.05 NG 0.0981
trans-1,2-Dichloroethene mg/L NG NG NG
1,1-Dichloroethane mg/L NG NG NG
Chloroform mg/L 0.0018 NG 0.0018
1,2-Dichloroethane mg/L 0.005 0.005 0.1
1,1,1-Trichloroethane mg/L NG NG NG
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133
Trichloroethene mg/L 0.005 0.005 0.021
1,2-Dichloropropane mg/L NG NG NG
cis-1,3-Dichloropropene mg/L NG NG NG
trans-1,3-Dichloropropene mg/L NG NG NG
1,1,2-Trichloroethane mg/L NG NG NG
Tetrachloroethylene mg/L 0.03 0.03 0.111
1,1,2,2-Tetrachloroethane mg/L NG NG NG
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.025 <0.01 <0.025 0.01 <0.025
Antimony (Sb) mg/L 0.006 0.006 NG <0.00050 <0.0004 <0.00050 <0.0004 <0.00050
Arsenic (As) mg/L 0.005 0.010 0.005 <0.00050 <0.0004 <0.00050 <0.0004 <0.00050
Barium (Ba) mg/L 1 1 NG 0.299 0.329 0.278 0.360 0.343
Beryllium (Be) mg/L NG NG NG <0.0025 <0.001 <0.0025 <0.001 <0.0025
Bismuth (Bi) mg/L NG NG NG <0.0025 <0.0025 <0.0025
Boron (B) mg/L 5 5 NG <0.050 <0.05 <0.050 <0.05 <0.050
Cadmium (Cd) mg/L 0.005 0.005 0.000097 <0.00025 <0.0001 <0.00025 <0.0001 <0.00025
Chromium (Cr), mg/L 0.05 0.05 0.21 <0.0025 <0.005 <0.0025 <0.005 <0.0025
Cobalt (Co) mg/L NG NG NG <0.00050 <0.002 <0.00050 <0.002 0.00117
Copper (Cu) mg/L 1 1 0.026 0.00556 0.003 0.00299 0.004 0.00283
Iron (Fe) mg/L 0.3 0.3 0.3 <0.030 <0.005 <0.030 0.006 <0.030
Lead (Pb) mg/L 0.01 0.01 0.0095 <0.00050 <0.0001 <0.00050 <0.0001 <0.00050
Lithium (Li) mg/L NG NG NG 0.347 0.367
Manganese(Mn) mg/L 0.05 0.05 NG 0.0272 0.101 0.0365 0.170 0.145
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 0.00084 <0.005 0.00081 <0.005 0.00132
Nickel (Ni) mg/L NG NG 0.15 <0.0025 0.002 <0.0025 0.002 <0.0025
Selenium (Se) mg/L 0.001 0.01 0.001 <0.0050 0.0042 <0.0050 0.0027 <0.0050
Silver (Ag) mg/L NG NG NG <0.000050 <0.0001 <0.000050 <0.0001 <0.000050
Strontium (Sr) mg/L NG NG NG 0.127 0.148 0.195
Thallium (Tl) mg/L NG NG NG <0.00050 <0.0001 <0.00050 <0.0001 <0.00050
Tin (Sn) mg/L NG NG NG <0.00050 <0.05 <0.00050 <0.05 <0.00050
Titanium (Ti) mg/L NG NG NG <0.0050 <0.001 <0.0050 <0.001 <0.0050
Uranium (U) mg/L 0.02 0.02 NG 0.00281 0.0027 0.00271 0.0027 0.00329
Vanadium (V) mg/L NG NG NG <0.0050 <0.001 <0.0050 <0.001 <0.0050
Zinc (Zn) mg/L 0.03 5.0 0.03 0.045 0.013 0.055 0.026 0.041
Laboratory Identification No. L612590-7 L676397-7 L612590-8 L676397-8 L612590-9
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2 Health Canada. May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary Table. In In Canadian 
   Environmental Quality Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than highest referenced guideline.
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C22101178 February 2009

24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08 24-Mar-08 31-Aug-08
Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 60 50 10
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.93 7.9 7.92
pH (field) pH NG NG NG 6.61 6.96 6.31 6.95 6.37 6.95
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 647 559 583
Electrical Conductivity (EC) (field) µS/cm NG NG NG 737 477 761 565 780 517
Temperature (Field) Degrees C NG NG NG 1.8 12.8 1.8 12.3 1.5 12.8
Alkalinity Total (as CaCO3) mg/L NG NG NG 301 299 298
Total Dissolved Solids mg/L 500 500 NG 363 311 322
Hardness mg/L NG NG NG 322 299 309
Calcium (Ca) mg/L NG NG NG 92.8 83.1 82.4 87.6 87.1
Magnesium (Mg) mg/L NG NG NG 21.9 15.5 22.7 22.4 22.2
Potassium (K) mg/L NG NG NG 4.25 4.8 2.98 2.9 3.16
Sodium (Na) mg/L 200 200 NG 7.7 3.2 5.7 4.1 4.7
Chloride (Cl) mg/L 230 250 NG 3.9 1.5 1.9
Sulphate (SO4) mg/L 500 500 NG 51.4 16.4 23.3
Bicarbonate (HCO-

3) mg/L NG NG NG 368 365 363
Carbonate (CO3) mg/L NG NG NG <5 <5 <5
Hydroxide mg/L NG NG NG <5 <5 <5
Nitrite + Nitrate - N mg/L NG NG NG 0.17 0.08 0.1
Nitrate - N3 mg/L 3 10 3 0.17 0.08 0.1
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05 <0.05
Ionic Balance % NG NG NG 95.2 99 99.4
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050 <0.00050
Thiophene mg/L NG NG NG
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.05 <0.05 <0.05
1,3-Dichlorobenzene mg/L NG NG 0.15
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0007
Naphthalene mg/L 0.0011 NG 0.0011
Quinoline mg/L NG NG NG
Acenaphthene mg/L 0.0058 NG 0.0058
Fluorene mg/L 0.003 NG 0.003
Phenanthrene mg/L 0.0004 NG 0.0004
Anthracene mg/L 0.000012 NG 0.000012
Acridine mg/L NG NG NG
Fluoranthene mg/L 0.003 NG 0.00004
Pyrene mg/L 0.000025 NG 0.000025
Benzo(a)anthracene mg/L 0.000018 NG 0.000018
Chrysene mg/L 0.0014 NG 0.0014
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.00021
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG
Methylene Chloride mg/L 0.05 NG 0.0981
trans-1,2-Dichloroethene mg/L NG NG NG
1,1-Dichloroethane mg/L NG NG NG
Chloroform mg/L 0.0018 NG 0.0018
1,2-Dichloroethane mg/L 0.005 0.005 0.1
1,1,1-Trichloroethane mg/L NG NG NG
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133
Trichloroethene mg/L 0.005 0.005 0.021
1,2-Dichloropropane mg/L NG NG NG
cis-1,3-Dichloropropene mg/L NG NG NG
trans-1,3-Dichloropropene mg/L NG NG NG
1,1,2-Trichloroethane mg/L NG NG NG
Tetrachloroethylene mg/L 0.03 0.03 0.111
1,1,2,2-Tetrachloroethane mg/L NG NG NG
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.025 <0.01 <0.025 <0.01 <0.025
Antimony (Sb) mg/L 0.006 0.006 NG <0.00050 <0.0004 <0.00050 <0.0004 <0.00050
Arsenic (As) mg/L 0.005 0.010 0.005 <0.00050 <0.0004 <0.00050 <0.0004 <0.00050
Barium (Ba) mg/L 1 1 NG 0.529 0.579 0.372 0.428 0.449
Beryllium (Be) mg/L NG NG NG <0.0025 <0.001 <0.0025 <0.001 <0.0025
Bismuth (Bi) mg/L NG NG NG <0.0025 <0.0025 <0.0025
Boron (B) mg/L 5 5 NG <0.050 <0.05 <0.050 <0.05 <0.050
Cadmium (Cd) mg/L 0.005 0.005 0.000097 <0.00025 <0.0001 <0.00025 <0.0001 <0.00025
Chromium (Cr), mg/L 0.05 0.05 0.21 <0.0025 <0.005 <0.0025 <0.005 <0.0025
Cobalt (Co) mg/L NG NG NG 0.00058 <0.002 <0.00050 <0.002 0.00054
Copper (Cu) mg/L 1 1 0.026 0.0049 0.003 0.00602 0.003 0.00146
Iron (Fe) mg/L 0.3 0.3 0.3 <0.030 <0.005 <0.030 <0.005 <0.030
Lead (Pb) mg/L 0.01 0.01 0.0095 <0.00050 <0.0001 <0.00050 <0.0001 <0.00050
Lithium (Li) mg/L NG NG NG 0.429 0.393
Manganese(Mn) mg/L 0.05 0.05 NG 0.124 0.010 0.0355 0.013 0.101
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 0.00236 <0.005 0.00176 <0.005 0.00224
Nickel (Ni) mg/L NG NG 0.15 <0.0025 <0.002 <0.0025 0.002 <0.0025
Selenium (Se) mg/L 0.001 0.01 0.001 <0.0050 <0.0004 0.0061 0.0214 0.0066
Silver (Ag) mg/L NG NG NG <0.000050 <0.0001 <0.000050 <0.0001 <0.000050
Strontium (Sr) mg/L NG NG NG 0.151 0.225 0.222
Thallium (Tl) mg/L NG NG NG <0.00050 <0.0001 <0.00050 <0.0001 <0.00050
Tin (Sn) mg/L NG NG NG 0.00064 <0.05 <0.00050 <0.05 0.00056
Titanium (Ti) mg/L NG NG NG <0.0050 <0.001 <0.0050 <0.001 <0.0050
Uranium (U) mg/L 0.02 0.02 NG 0.00232 0.0009 0.00305 0.0040 0.0025
Vanadium (V) mg/L NG NG NG <0.0050 <0.001 <0.0050 <0.001 <0.0050
Zinc (Zn) mg/L 0.03 5.0 0.03 0.066 0.015 0.096 0.013 0.074
Laboratory Identification No. L612590-10 L676397-9 L612590-11 L676397-10 L612590-12
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2 Health Canada. May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary Table. In  Canadian Environmental Quality 
   Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than highest referenced guideline.
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GR Trading
08MW14 08MW16 08MW18

31-Aug-08 31-Aug-08 31-Aug-08
Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 10 100 25
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.6 7.6
pH (field) pH NG NG NG 7.02 6.92 6.76
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 834 959
Electrical Conductivity (EC) (field) µS/cm NG NG NG 646 811 918
Temperature (Field) Degrees C NG NG NG 12.9 13.4 12.8
Alkalinity Total (as CaCO3) mg/L NG NG NG 430 459
Total Dissolved Solids mg/L 500 500 NG 478 561
Hardness mg/L NG NG NG 444 531
Calcium (Ca) mg/L NG NG NG 107 132 157
Magnesium (Mg) mg/L NG NG NG 22.2 27.9 33.7
Potassium (K) mg/L NG NG NG 3.6 2.2 1.9
Sodium (Na) mg/L 200 200 NG 10.4 4 7
Chloride (Cl) mg/L 230 250 NG 2 3
Sulphate (SO4) mg/L 500 500 NG 52.3 80.0
Bicarbonate (HCO-

3) mg/L NG NG NG 525 560
Carbonate (CO3) mg/L NG NG NG <5 <5
Hydroxide mg/L NG NG NG <5 <5
Nitrite + Nitrate - N mg/L NG NG NG <0.1 0.6
Nitrate - N3 mg/L 3 10 3 <0.1 0.6
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05
Ionic Balance % NG NG NG 93.5 99.9
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050
Thiophene mg/L NG NG NG
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.2 <0.2 <0.2
1,3-Dichlorobenzene mg/L NG NG 0.15
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0007
Naphthalene mg/L 0.0011 NG 0.0011
Quinoline mg/L NG NG NG
Acenaphthene mg/L 0.0058 NG 0.0058
Fluorene mg/L 0.003 NG 0.003
Phenanthrene mg/L 0.0004 NG 0.0004
Anthracene mg/L 0.000012 NG 0.000012
Acridine mg/L NG NG NG
Fluoranthene mg/L 0.003 NG 0.00004
Pyrene mg/L 0.000025 NG 0.000025
Benzo(a)anthracene mg/L 0.000018 NG 0.000018
Chrysene mg/L 0.0014 NG 0.0014
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.00021
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG
Methylene Chloride mg/L 0.05 NG 0.0981
trans-1,2-Dichloroethene mg/L NG NG NG
1,1-Dichloroethane mg/L NG NG NG
Chloroform mg/L 0.0018 NG 0.0018
1,2-Dichloroethane mg/L 0.005 0.005 0.1
1,1,1-Trichloroethane mg/L NG NG NG
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133
Trichloroethene mg/L 0.005 0.005 0.021
1,2-Dichloropropane mg/L NG NG NG
cis-1,3-Dichloropropene mg/L NG NG NG
trans-1,3-Dichloropropene mg/L NG NG NG
1,1,2-Trichloroethane mg/L NG NG NG
Tetrachloroethylene mg/L 0.03 0.03 0.111
1,1,2,2-Tetrachloroethane mg/L NG NG NG
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.01 <0.01 <0.01
Antimony (Sb) mg/L 0.006 0.006 NG <0.0004 <0.0004 <0.0004
Arsenic (As) mg/L 0.005 0.010 0.005 <0.0004 <0.0004 <0.0004
Barium (Ba) mg/L 1 1 NG 0.130 0.064 0.060
Beryllium (Be) mg/L NG NG NG <0.001 <0.001 <0.001
Bismuth (Bi) mg/L NG NG NG
Boron (B) mg/L 5 5 NG <0.05 0.07 0.09
Cadmium (Cd) mg/L 0.005 0.005 0.000097 <0.0001 0.0001 0.0001
Chromium (Cr), mg/L 0.05 0.05 0.21 <0.005 <0.005 <0.005
Cobalt (Co) mg/L NG NG NG <0.002 0.003 <0.002
Copper (Cu) mg/L 1 1 0.026 0.007 0.003 0.004
Iron (Fe) mg/L 0.3 0.3 0.3 0.005 <0.005 <0.005
Lead (Pb) mg/L 0.01 0.01 0.0095 0.0001 <0.0001 <0.0001
Lithium (Li) mg/L NG NG NG 0.842 0.446 0.432
Manganese(Mn) mg/L 0.05 0.05 NG <0.001 1.58 0.045
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 <0.005 <0.005 <0.005
Nickel (Ni) mg/L NG NG 0.15 0.002 0.013 0.002
Selenium (Se) mg/L 0.001 0.01 0.001 0.0160 0.0179 0.0287
Silver (Ag) mg/L NG NG NG <0.0001 <0.0001 <0.0001
Strontium (Sr) mg/L NG NG NG
Thallium (Tl) mg/L NG NG NG <0.0001 0.0001 <0.0001
Tin (Sn) mg/L NG NG NG <0.05 <0.05 <0.05
Titanium (Ti) mg/L NG NG NG <0.001 <0.001 <0.001
Uranium (U) mg/L 0.02 0.02 NG 0.0031 0.0092 0.0071
Vanadium (V) mg/L NG NG NG <0.001 <0.001 <0.001
Zinc (Zn) mg/L 0.03 5.0 0.03 0.033 0.015 0.015
Laboratory Identification No. L676397-12 L676397-13 L676397-14
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2  Health Canada, May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary 
   Table. In Canadian Environmental Quality Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than highest referenced guideline.

Comparative 
Guidelines3

Fifth Meridian Market
TABLE 3: GROUNDWATER ANALYTICAL RESULTS

Comparative 
Guidelines1Parameters Units

Comparative 
Guidelines2

Contaminated Site Assessment - Table 3.xls Groundwater Table pg5,6 Page 5 of 6
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08MW20 08MW21 08MW21D 08MW22 08MW23
31-Aug-08 31-Aug-08 31-Aug-08 31-Aug-08 31-Aug-08

Routine Parameters
Combustible Vapour Concentration (field) ppm NG NG NG 25 125 100 5
pH (lab) pH 6.5 to 8.5 6.5 to 8.5 6.5 to 9.0 7.9 7.8
pH (field) pH NG NG NG 6.87 6.85 6.79 6.82
Electrical Conductivity (EC) (lab) µS/cm NG NG NG 658 722
Electrical Conductivity (EC) (field) µS/cm NG NG NG 673 729 720 706
Temperature (Field) Degrees C NG NG NG 14.7 14.7 14.3 6.7
Alkalinity Total (as CaCO3) mg/L NG NG NG 314 352
Total Dissolved Solids mg/L 500 500 NG 370 405
Hardness mg/L NG NG NG 361 370
Calcium (Ca) mg/L NG NG NG 98.6 109 102 105
Magnesium (Mg) mg/L NG NG NG 27.9 30.4 27.9 28.3
Potassium (K) mg/L NG NG NG 2.0 3.7 2.4 3.6
Sodium (Na) mg/L 200 200 NG 5 9.3 6 8.4
Chloride (Cl) mg/L 230 250 NG 3 3
Sulphate (SO4) mg/L 500 500 NG 44.5 44.6
Bicarbonate (HCO-

3) mg/L NG NG NG 383 429
Carbonate (CO3) mg/L NG NG NG <5 <5
Hydroxide mg/L NG NG NG <5 <5
Nitrite + Nitrate - N mg/L NG NG NG 0.2 1.6
Nitrate - N3 mg/L 3 10 3 0.2 1.6
Nitrite - N mg/L NG 1 0.018 <0.05 <0.05
Ionic Balance % NG NG NG 103 94.2
Volatile Hydrocarbons
Benzene mg/L 0.005 0.005 0.37 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Thiophene mg/L NG NG NG
Toluene mg/L 0.024 0.024 0.002 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Chlorobenzene mg/L 0.0013 NG 0.0013
Ethylbenzene mg/L 0.0024 0.0024 0.09 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Xylenes mg/L 0.3 0.3 0.18 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Styrene mg/L 0.072 NG 0.072
F1 (C6 to C10) mg/L 0.81 NG NG <0.1 <0.1 <0.1 <0.1 <0.1
F2 (C10 to C16) mg/L 1.1 NG NG <0.2 <0.2 <0.2 <0.2 <0.2
1,3-Dichlorobenzene mg/L NG NG 0.15
1,4-Dichlorobenzene mg/L 0.001 0.005 0.026
1,2-Dichlorobenzene mg/L 0.0007 0.2 0.0007
Naphthalene mg/L 0.0011 NG 0.0011
Quinoline mg/L NG NG NG
Acenaphthene mg/L 0.0058 NG 0.0058
Fluorene mg/L 0.003 NG 0.003
Phenanthrene mg/L 0.0004 NG 0.0004
Anthracene mg/L 0.000012 NG 0.000012
Acridine mg/L NG NG NG
Fluoranthene mg/L 0.003 NG 0.00004
Pyrene mg/L 0.000025 NG 0.000025
Benzo(a)anthracene mg/L 0.000018 NG 0.000018
Chrysene mg/L 0.0014 NG 0.0014
Benzo(b&j)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(k)fluoranthene mg/L 0.00048 NG 0.00048
Benzo(a)pyrene mg/L 0.000015 0.00001 0.000015
Indeno(1,2,3-cd)pyrene mg/L 0.00021 NG 0.00021
Dibenzo(a,h)anthracene mg/L 0.00026 NG 0.00026
Chlorinated Aliphatics
1,1-Dichloroethene mg/L 0.014 NG NG
Methylene Chloride mg/L 0.05 NG 0.0981
trans-1,2-Dichloroethene mg/L NG NG NG
1,1-Dichloroethane mg/L NG NG NG
Chloroform mg/L 0.0018 NG 0.0018
1,2-Dichloroethane mg/L 0.005 0.005 0.1
1,1,1-Trichloroethane mg/L NG NG NG
Carbon Tetrachloride mg/L 0.00056 0.005 0.0133
Trichloroethene mg/L 0.005 0.005 0.021
1,2-Dichloropropane mg/L NG NG NG
cis-1,3-Dichloropropene mg/L NG NG NG
trans-1,3-Dichloropropene mg/L NG NG NG
1,1,2-Trichloroethane mg/L NG NG NG
Tetrachloroethylene mg/L 0.03 0.03 0.111
1,1,2,2-Tetrachloroethane mg/L NG NG NG
Dissolved Metals
Aluminum (Al) mg/L NG 0.1 0.1 <0.01 0.10 <0.01 <0.01
Antimony (Sb) mg/L 0.006 0.006 NG <0.0004 <0.0004 <0.0004 <0.0004
Arsenic (As) mg/L 0.005 0.010 0.005 0.0015 <0.0004 <0.0004 <0.0004
Barium (Ba) mg/L 1 1 NG 0.342 0.434 0.360 0.344
Beryllium (Be) mg/L NG NG NG <0.001 <0.001 <0.001 <0.001
Bismuth (Bi) mg/L NG NG NG
Boron (B) mg/L 5 5 NG <0.05 0.06 <0.05 <0.05
Cadmium (Cd) mg/L 0.005 0.005 0.000097 <0.0001 <0.0001 <0.0001 <0.0001
Chromium (Cr), mg/L 0.05 0.05 0.21 <0.005 <0.005 <0.005 <0.005
Cobalt (Co) mg/L NG NG NG 0.002 <0.002 <0.002 <0.002
Copper (Cu) mg/L 1 1 0.026 0.003 0.004 0.004 0.004
Iron (Fe) mg/L 0.3 0.3 0.3 2.63 0.007 <0.005 <0.005
Lead (Pb) mg/L 0.01 0.01 0.0095 <0.0001 0.0002 0.0001 0.0003
Lithium (Li) mg/L NG NG NG 0.481 0.429 0.430 0.445
Manganese(Mn) mg/L 0.05 0.05 NG 0.598 0.036 0.157 0.176
Mercury (Hg)-Dissolved mg/L 0.001 0.001 NG <0.00010 <0.00010 <0.00010 <0.00010
Molybdenum (Mo) mg/L NG NG 0.073 <0.005 <0.005 <0.005 <0.005
Nickel (Ni) mg/L NG NG 0.15 0.005 0.002 0.004 0.004
Selenium (Se) mg/L 0.001 0.01 0.001 0.0028 0.0031 0.0051 0.0030
Silver (Ag) mg/L NG NG NG <0.0001 <0.0001 <0.0001 <0.0001
Strontium (Sr) mg/L NG NG NG
Thallium (Tl) mg/L NG NG NG <0.0001 <0.0001 <0.0001 <0.0001
Tin (Sn) mg/L NG NG NG <0.05 <0.05 <0.05 <0.05
Titanium (Ti) mg/L NG NG NG <0.001 <0.001 <0.001 <0.001
Uranium (U) mg/L 0.02 0.02 NG 0.0035 0.0036 0.0042 0.0040
Vanadium (V) mg/L NG NG NG <0.001 <0.001 <0.001 <0.001
Zinc (Zn) mg/L 0.03 5.0 0.03 0.017 0.015 0.018 0.015
Laboratory Identification No. L676397-15 L676397-16 L676397-19 L676397-17 L676397-18
Notes:
1 Alberta Environment (AENV), August 2008.  Alberta Tier 1 Soil and Groundwater Remediation Guidelines.  Referenced Guidelines apply to coarse texture of 
  soils under residential/parkland land use.
2  Health Canada, May 2008. Guidelines for Canadian Drinking Water Quality - Summary Table.
3  Canadian Council of Ministers of the Environment. 2007. Canadian water quality guidelines for the protection of aquatic life - Summary 
   Table. In Canadian Environmental Quality Guidelines 1999.
NG - No guideline established.  
ND - Not detected.
Blank - Not analyzed.
Bold - Greater than highest referenced guideline.

Comparative 
Guidelines3

Garden River Public Works YardComparative 
Guidelines2

TABLE 3: GROUNDWATER ANALYTICAL RESULTS
Comparative 
Guidelines1Parameters Units
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PHOTOGRAPHS 



Photo 1 
Garden River Landfill looking northeast from 08SS26 (August 26, 2008).

Photo 2 
Garden River Old Dump looking south towards 08MW05 area (August 26, 2008)
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Photo 3 
Garden River Airstrip looking east-southeast at 08SS36 (August 26, 2008).

Photo 4 
Garden River Public Works yard looking northeast from 08MW20 (August 26, 2008)

G:\C221\C22101178\COREL\C22101178-P01.cdr

C22101178
October 2008



Photo 5 
Garden River Public Works yard looking southwest from 08SS40 (August 26, 2008).

Photo 6 
Garden River Public Works yard looking northeast from 08MW21 (August 26, 2008).
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Photo 7 
Fifth Meridian Market looking east at AST (August 26, 2008).

Photo 8 
Fifth Meridian Market looking southeast at AST (August 26, 2008).
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Photo 9 
Church assessment area showing former AST area (August 26, 2008).

Photo 10 
Garden River Trading (Charlie Rose) looking north at the AST (August 26, 2008).
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TABLE A4:  SUMMARY OF SURFACE SOIL SAMPLES 

Assessment 
Area 

Surface 
Sample 
Number 

Soil Characteristics 
Combustible 

Vapour 
Concentration  

08SS24 Sand, trace silt, trace clay; 10% garbage 50 ppm 
08SS25 Silty sand, trace clay;  50 ppm 
08SS26 Silty sand, trace clay; 50 ppm 
08SS27 Silty sand, trace clay; 50 ppm 

Garden River 
Landfill 

08SS28 Silty sand, trace clay; 50 ppm 
08SS29 Silty sand, trace clay; ND 
08SS30 Silty sand, trace clay; ND 
08SS31 Silty sand, trace clay; 25 ppm 
08SS32 Silty sand, trace clay; 25 ppm 
08SS33 Silty sand, trace clay; ND 
08SS34 Silty sand, trace clay; ND 
08SS35 Silty sand, trace clay; 10 ppm 

Garden River 
Airstrip 

08SS36 Silty sand, trace clay; diesel fuel odour. 5% LEL 
08SS37 Silty sand, trace clay; oil stain. 25 ppm 
08SS38 Silty sand, trace clay. 5 ppm 
08SS39 Silty sand, trace clay; oil stain.  50 ppm 
08SS40 Silty sand, trace clay; oil stain. 150 ppm 
08SS41 Silty sand, trace clay; stained area. 500 ppm 
08SS42 Silty sand, trace clay; stained area. 25 ppm 
08SS43 Silty sand, trace clay; oil stain 50 ppm 

Garden River 
Public Works 
Yard 

08SS44 Silty sand, trace clay; oil stain. 50 ppm 
08SS45 Silty sand, some clay. 20 ppm 
08SS46 Silty sand, some clay. 30 ppm 
08SS47 Silty sand, some clay. 25 ppm 
08SS48 Silty sand, some clay. 25 ppm 

Garden River 
Old Dump 

08SS49 Silty sand, some clay.  25 ppm 
08SS50 Silty sand, trace silt; ND 
08SS51 Silty sand, trace silt; 15 ppm 
08SS52 Silty sand, trace silt; 30 ppm 
08SS53 Silty sand, trace silt; ND 

Former Septic 
Tile Field 

08SS54 Silty sand, trace silt; ND 



http://riverbend.projects.eba.ca/sites/projects/C22101178/DocLib/C22101178_Appendix A - Table 4.doc 

 

TABLE 4:  SUMMARY OF SURFACE SOIL SAMPLES (CONTINUED) 

Assessment 
Area 

Surface 
Sample 
Number 

Soil Characteristics 
Combustible 

Vapour 
Concentration  

08SS55 Clayey silt, some sand. 50 ppm Northlands 
School 08SS56 Clayey silt, some sand. 10 ppm 

08SS57 Clayey silt, some sand. 50 ppm 5th Meridian 
Market 08SS58 Clayey silt, some sand. 75 ppm 

08SS59 Clayey silt, some sand.  75 ppm Garden River 
Trading 08SS60 Clayey silt, some sand. ND 

08SS61 Clayey silt, some sand. 10 ppm 
Church 

08SS62 Clayey silt, some sand. 5 ppm 
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Quality Control/Quality Assurance of Field Sampling Program 
Contaminant Site Assessment 

Community of Garden River, Wood Buffalo National Park, Alberta 

1.0  INTRODUCTION 

Quality assurance/quality control (QA/QC) programs for environmental sampling are 
implemented to assess and/or quantify field, laboratory and data reduction quality. 

Field quality control includes procedures and documentation, as discussed in the 
methodology section of the report, and sometimes collection of quality assurance samples, 
discussed in the section below. 

Laboratory QA/QC reports are required by environmental laboratories accredited by the 
Canadian Association of Environmental Analytical Laboratories (CAELA) and can be 
requested to be attached to the laboratory data or requested from the lab directly.  
Laboratory QA/QC data reviewed by the assessor is generally limited to percentage 
recovery of added surrogates.  The detection limits of the analytical methods are presented 
on the analytical reports. 

Data QA/QC can be evaluated by a variety of methods, some qualitative and some 
quantitative, using methods defined in Canadian Council of Ministers of the  
Environment (CCME) “Soil Data Quality Objectives (DQOs)” or United States 
Environmental Protection Agency (USEPA) “Attainment of Clean-up Objectives.”  For 
upstream oil and gas sites, analytical results are reviewed and compared to what would be 
expected for the material type and situation based upon the assessors experience.  
Discrepancies are investigated by either analyzing additional samples or re-analysis of the 
same sample.  For a statistically designed program, the DQO would quantitatively define 
the overall level of uncertainty allowed for the entire project taking into account sampling 
variability, uncertainty allowed for the entire project taking into account sampling variability, 
uncertainty in laboratory procedures, and any statistical procedures used to evaluate  
the data. 

2.0  FIELD QUALITY ASSURANCE SAMPLING METHODS 

Field quality assurance sampling programs are used to measure the precision and accuracy 
of the field sampling using blanks, duplicates, spike, or replicate samples.  The type of 
sample used depends upon the objective and budget of the sampling plan, the matrix (soil 
or water), and type of potential contaminant. 

Soils 

The goal of field quality samples should be to evaluate the precision and accuracy of 
sampling, but this is often difficult to do because of the variability of concentrations within 
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the soil.  Some sampling programs collect sufficient samples to define the population 
distribution of various parameters in the soils, or take sufficient replicate samples that the 
data can be summarized statistically.  However, this is costly and not warranted if a sample 
is much higher or lower than the soil quality objective (SQO). 

Duplicate or split samples are used to evaluate precision for soils.  Duplicate samples are 
collected at the same location and time but without being mixed in a common container.  
Split samples are those that have been placed in a common container, thoroughly mixed, 
and then placed in two laboratory containers.  Duplicate samples are more commonly 
collected.  The data is usually compared by relative percent difference (RPD).  RPD is 
calculated as follows:  RPD = [ (V1-V2)/(V1+V2)/2 ]*100%. 

In poor precision situations, the results cannot be distinguished whether it is due to the 
non-homogeneous nature of the samples or poor sampling method or laboratory technique.  
Therefore, the data is usually used for flagging data to double check rather than for taking 
corrective actions. 

For contaminant assessments, approximately 1 duplicate sample for every ten soil samples 
are collected for duplicate analysis. The sample locations chosen vary between materials 
expected to have less variability (control subsoil) and more variability (suspected impacts 
visible in field).  The data is provided in the attached table and RPDs calculated.  The target 
RPD is also affected by expected soil variability and background concentrations.  A 
preferred target RPD for hydrocarbons is less than 75% and any over 100% are flagged as 
possible data issues. 

Cross-contamination, if caused, is usually by sampling error such as not trimming the 
samples if collected off a solid stem auger, and is evaluated by reviewing the drilling the 
records and notes on sample quality compared to the laboratory results.  Higher potential 
exists for cross-contamination between layers if one is using an auger rather than a coring 
tube, or if one is below the water table. 

Groundwater 

For routine water quality or salinity, either no quality assurance samples are generally 
collected, or approximately 10% of the samples are collected for duplicate analysis.  The 
duplicate analysis is compared by RPD, similar to the soils, but the target RPD is less than 
20% difference. 

For organic compounds, quality assurance samples are generally collected and analyzed per 
sampling event.  For suspected hydrocarbon impacts, the main organic analyzed would be 
benzene, toluene, ethylbenzene, and xylenes (BTEX) compounds, and possibly alcohols or 
other volatile compounds if they were used on the site and that are also common in the 
laboratory or field environment.   

Usually, clean disposable polyethylene bailers, dedicated to each monitoring well, are used 
for sampling groundwater.  In this case, equipment blanks are not usually done.  However, 
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if other equipment is used for sampling and equipment blank consisting of water running 
over the sampling equipment after it has been decontaminated, might be analyzed. 

3.0  RESULTS 

Duplicate soil samples were collected from boreholes 08SS52, 08SS33, 08SS59, 08MW16, 
08BH17, 08BH19, and 08MW22.  Duplicate soil samples were analyzed for petroleum 
hydrocarbons (PHCs), detailed salinity, and metals.  Duplicated groundwater samples were 
collected from monitoring well 08MW21 and analyzed for PHCs.  The lab results and the 
calculated RPDs are presented in Tables D1 (soil) and D2 (groundwater).   

Most duplicate soil samples had RPDs below 75%.  The duplicate soil samples collected 
from 08SS59 did not meet the target RPD of 75% for three of the PHC results.  Since PHC 
results from other duplicate samples met the target RPD value, it is assumed that 
heterogeneous soil is the likely factor for the exceeding 75%.  The RPD value of one metal 
result (chromium) from 08MW16 was 100%, but all other duplicate sample metal results 
had RPDs below 40%.   

Analytical results for the duplicate groundwater samples were below laboratory detection 
limit and cannot be assessed using RPD.   

4.0  CONCLUSION 

The QA/QC of the field sampling methods is considered to be acceptable for the purpose 
of this assessment. 
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0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 0 - 0.6 m 6.1 m 6.1 m 4.3 m 4.3 m 4.3 m 4.3 m 0.6 m 0.6 m
Hydrocarbons
Benzene mg/kg 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 <0.005 - <0.005 <0.005 -
Toluene mg/kg 0.01 <0.01 <0.01 - <0.01 <0.01 - 0.08 0.04 67 <0.01 <0.01 - <0.01 - <0.01 <0.01 - <0.01 <0.01 -
Ethylbenzene mg/kg 0.01 <0.01 <0.01 - <0.01 <0.01 - 0.02 <0.01 - <0.01 <0.01 - <0.01 - <0.01 <0.01 - <0.01 <0.01 -
Xylenes mg/kg 0.02 <0.02 <0.02 - <0.02 <0.02 - 0.12 0.05 82 0.04 0.04 0 <0.02 - <0.02 <0.02 - <0.02 <0.02 -
F1 (C6 to C10) mg/kg 5 <5 <5 - <5 <5 - <5 <5 - <5 <5 - <5 <5 - <5 <5 - <5 <5 -
F2 (C10 to C16) mg/kg 20 <20 <20 - <20 <20 - <20 <20 - 30 40 -29 <20 <20 - <20 <20 - 540 450 18
F3 (C16 to C34) mg/kg 20 <20 <20 - <20 <20 - 90 300 -108 <20 <20 - <20 <20 - <20 <20 - 14,000 12,000 15
F4 (C34 to C50) mg/kg 20 <20 30 - <20 <20 - 50 110 -75 <20 <20 - <20 <20 - <20 <20 - 2,600 2,300 12
F4 (C34+)HGT mg/kg 500 - - 10,000 12,000 -18
Total Hydrocarbons (TEH) mg/kg 20 <20 30 - <20 <20 - 140 410 -98 30 40 -29 <20 <20 - <20 <20 - 17,000 15,000 13
Soil Moisture Content % 0.1 7.5 7.6 -1 9.3 11 -17 23 20 14 3.3 3.4 -3 3.9 7.6 -64 20 20 0 11 10 10
Routine
pH pH-unit 0.1 7.3 7.6 -4
Electrical Conductivity (EC) dS/m 0.01 0.29 0.41 -34
Sodium Adsorption Ratio (SAR) Ratio 0.1 0.3 0.4 -29
Saturation % 0.1 36.2 43.7 -19
Soluble Salts
Calcium (Ca) mg/kg 2 21 26 -21
Magnesium (Mg) mg/kg 1 4 6 -40
Sodium (Na) mg/kg 0.9 3.3 5.4 -48
Potassium (K) mg/kg 0.9 <0.7 1.7 -
Chloride (Cl) mg/kg 9 <7 18 -
Sulphate (SO4) mg/kg 3 16 32 -67
Metals
Antimony (Sb) mg/kg 20 <0.2 <0.2 - <0.2 <0.2 - <0.2 <0.2 - <0.2 <0.2 - <0.2 <0.2 - <0.2 <0.2 -
Arsenic (As) mg/kg 0.2 6.7 6.3 6 8.7 6.6 27 5.0 4.7 6 5.9 5.2 13 8.7 14.4 -49 6.3 6.6 -5
Barium (Ba) mg/kg 5 272 219 22 194 173 11 79 115 -37 109 88 21 227 285 -23 132 152 -14
Beryllium (Be) mg/kg 1 <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 -
Cadmium (Cd) mg/kg 0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 0.6 - <0.5 <0.5 -
Chromium (Cr) mg/kg 0.5 20.4 19.8 3 23.9 22.0 8 16.5 5.5 100 6.9 7.1 -3 14.4 20.3 -34 9.7 11.4 -16
Cobalt (Co) mg/kg 1 9 7 25 9 9 0 4 4 0 4 4 0 6 7 -15 5 5 0
Copper (Cu) mg/kg 2 12 11 9 14 9 43 7 6 15 8 8 0 16 25 -44 13 14 -7
Lead (Pb) mg/kg 5 11 9 20 9 8 12 15 23 -42 <5 <5 - <5 <5 - 8 11 -32 6 7 -15
Mercury (Hg) mg/kg 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 -
Molybdenum (Mo) mg/kg 1 <1 <1 - <1 <1 - 3 <1 - <1 <1 - 1 2 -67 1 1 0
Nickel (Ni) mg/kg 2 16 16 0 20 17 16 13 10 26 11 10 10 19 25 -27 15 16 -6
Selenium (Se) mg/kg 0.2 0.4 0.4 0 0.4 0.3 29 0.3 0.3 0 <0.2 <0.2 - 0.4 0.6 -40 0.3 0.3 0
Silver (Ag) mg/kg 1 <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 -
Thallium (Tl) mg/kg 1 <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 - <1 <1 -
Tin (Sn) mg/kg 5 <5 <5 - <5 <5 - <5 <5 - <5 <5 - <5 <5 - <5 <5 -
Uranium (U) mg/kg 2 <2 <2 - <2 <2 - <2 <2 - <2 <2 - <2 <2 - <2 <2 -
Vanadium (V) mg/kg 1 40 37 8 42 38 10 15 15 0 17 17 0 30 38 -24 22 24 -9
Zinc (Zn) mg/kg 10 70 70 0 70 60 15 30 30 0 40 40 0 80 110 -32 80 90 -12
Laboratory Identification No. L676396-209 L676396-212 L676396-189 L676396-193 L676396-217 L676396-218 L676396-123 L676396-130 L676396-137 L676396-147 L676396-169 L676396-179 L676396-35 L676396-67
Notes:

RPD1

Church Garden River Public Works

1 RPD - Relative percent difference calculated by: RPD = [(V1-V2)/((V1+V2)/2)]*100%.

RPD1 RPD1

Northlands School Historic AST
08MW22DRPD108SS59D 08BH19D 08MW22RPD1 08MW16 08MW16D 08BH17 08BH17D

BOLD - RPD >75%.

Detection 
Limits 08BH19RPD108SS3308SS52 08SS52D

Garden River Trading 

TABLE D1:  QA/QC ANALYTICAL RESULTS FOR SOIL SAMPLES 

Parameters Units 08SS33D 08SS59RPD1

Former Septic Tile Field Garden River Airstrip

"-" Denotes calculation of RPD not possible because values below method detection limit.

Contaminated Site Assessment_New Appendix D.xls,  Table D1_Soil QA-QC
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08MW21 08MW21D
31-Aug-08 31-Aug-08

Volatile Hydrocarbons
Benzene mg/L 0.0005 <0.00050 <0.00050 -
Toluene mg/L 0.0005 <0.00050 <0.00050 -
Ethylbenzene mg/L 0.0005 <0.00050 <0.00050 -
Xylenes mg/L 0.0005 <0.00050 <0.00050 -
F1 (C6 to C10) mg/L 0.1 <0.1 <0.1 -
F2 (C10 to C16) mg/L 0.1 <0.2 <0.2 -
Laboratory Identification No. L676397-16 L676397-19
Notes:

1 RPD - Relative percent difference calculated by: RPD = [(V1-V2)/((V1+V2)/2)]*100%.

"-" Denotes calculation of RPD not possible because values below method detection limit.

BOLD - RPD >20%.

TABLE D2: QA/QC ANALYTICAL RESULTS FOR GROUNDWATER

RPD1Parameters Units Detection 
Limits

Contaminated Site Assessment_New Appendix D.xls  Table D2_QA-QC
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REMEDIAL ACTION PLAN (RAP) FOR PUBLIC WORKS YARD 

1.0  AREA AND CONTAMINANTS OF CONCERN 

EBA Engineering Consultants Ltd. (EBA) conducted a contaminant site assessment 
in 2008 (see main report for details) at the Public Works Yard in the Community of 
Garden River, Alberta.  Ten soil samples were collected from the Garden River Public 
Works Yard and all exceeded applicable guidelines for one or more petroleum 
hydrocarbon (PHC) fractions F1, F2, F3, and F4.  The samples were collected from 
locations east and south of the Public Works building adjacent to the waste oil above-
ground storage tank (AST) and the propane tanks, north of the public works trailer near the 
propane tank and barrel storage areas, and the equipment parking area.  The groundwater 
samples collected from locations adjacent to the barrel storage area had iron concentrations 
greater than 2008 Health Canada Guidelines for Canadian Drinking Water Quality 
(CDWQ) and the 2008 Alberta Tier 1 Guideline. 

EBA’s drilling plan was limited by utilities and site conditions; therefore, only broad 
estimates of the area and volume of impacted soil can be made.  The area of soil with PHC 
impacts was estimated to be 1,800 m2.  The volume of impacted soil estimated to be 
approximately 4,000 m3 based on an estimated 1.5 m3 of surficial stained soil with a 50% 
contingency for additional impacted soil to be present at a greater depth. 

2.0  OBJECTIVES FOR REMEDIATION 

The objectives for remediation are to remove and treat/dispose soil at the site to meet the  
2007 Canadian Council of Ministers of the Environment (CCME) Canadian Soil Quality 
Guidelines for the Protection of Environmental and Human Health and/or 2008 Alberta 
Tier 1 Soil and Groundwater Remediation Guidelines (residential/parkland, coarse-textured 
surface soils).  

3.0  POTENTIAL REMEDIAL OPTIONS 

Potential remedial options include the following: 

• Excavate and remove soil to an approved landfill, likely in High Level or Rainbow Lake.  
The work would involve specification, tendering and award, mobilization of equipment 
to site, excavation and confirmatory testing of excavation, hauling and disposal of soil 
to the landfill, and backfilling of the excavation with clean soil and compaction and 
surface reclamation.  Advantages to this method are that it results in quick and 
immediate removal of impacted soil and reclamation of the site.  The technology is easy 
to implement.  The disadvantages are high cost due to distance to an appropriate 
landfill.  The approximate Class D cost estimate is as follows: 



C22101178 
February 2009 

APPENDIX E 2 
 

Contaminated Site Assessment - Appendix E.Doc 

Task Estimate 
Specification and Tendering $50,000 
Trailer / Camp Costs for Contractor / Consultant $100,000 
Contractor Mob / Demob $50,000 
Confirmatory Sampling / Supervisor $100,000 
Tipping Fees at $30/tonne ($60/m3) for 4,000 m3 $240,000 
Excavation Costs $10/m3 for 4,000/m3 $40,000 
Hauling Costs $1,000/10 m3 load or $100/m3) $400,000 
Backfilling (assume free local source of fill) $80,000 

TOTAL (Class D estimate) $1,060,000 

 

• Excavate and landfarm impacted soil within an engineered landfarm in the community.  
The work involves specification writing, tendering and award, mobilization of 
equipment to site, construction of landfarm, excavation of soil and placement in 
landfarm, backfilling and reclaiming excavation, tilling soil until remedial objectives are 
met, and decommissioning landfarm.  The advantages of this method are it is 
economical.  The disadvantages are that it is difficult to successfully treat soils with high 
F3 and F4 concentrations using this method and it may be a multi-year remedial 
program.  The approximate Class D cost estimate is as follows:   

 
Task Estimate 

Specification and Tendering $50,000 
Trailer / Camp Costs for Contractor Consultant $100,000 
Contractor Mob / Demob $50,000 
Confirmatory Sampling / Supervisor $100,000 
Landfarm Area Construction (not including liner) $100,000 
Excavation Costs ($10/m3 for 4,000/m3) $40,000 
Hauling Costs to Landfarm ($10/m3) $40,000 
Backfilling (assume free source of fill) $80,000 
Tilling $100,000 
Decommissioning of landfill $100,000 

Subtotal (Class D estimate, not including liner) $760,000 

Liner Cost 9 m2 installed at 12,000 m2  $108,000 
TOTAL (Class D estimate with liner) $868,000 

 

• Treat soil in situ using chemical oxidation.  The work involves conducting an initial 
pilot trial to determine the viability of this approach, specification writing, tendering and 
award, mobilization of equipment to site, soil treatment, and verification testing.  
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A variation of this method would be to combine this method with landfarming as 
chemical oxidation makes hydrocarbons more amenable for biotreatment.  
Advantages to this method are that it could be quick to treat, if the method is 
determined to be viable and it may represent a cost savings over hauling to a landfill.  
Disadvantages include potential failure of the pilot trial and subsequent delay and a 
small increase of costs overall for treatment as well as increased sodium adsorption ratio 
(SAR) of treated soils.  The approximate Class D cost estimate is as follows: 

 
Task Estimate 

Pilot Trial $25,000 
Specification and Tendering $50,000 
Trailer / Camp Costs for Contractor Consultant $100,000 
Contractor Mob / Demob Chemical Delivery $100,000 
Confirmatory Sampling / Supervisor $100,000 
Mixing Costs (assume two passes) $100,000 
Chemical Costs (assume $1,100 / m3) $400,000 

TOTAL $875,000 

 

4.0  RECOMMENDED TREATMENT OPTION 

EBA recommends conducting a pilot trial for chemical oxidation as an initial course of 
action for the following reasons: 

• Landfarming alone is unlikely to work given the high F3 and F4 concentrations at 
the site. 

• The large volume of impacted soil makes the cost of landfilling the soil at least 
20% greater. 

• The potential cost savings on remediation outweigh the small cost of an unsuccessful 
pilot trial. 

It is likely a pilot trial will result in one of two outcomes: 

• Not economical in comparison to landfilling.  Recommend to landfill soil following the 
pilot trial. 

• Economical to proceed on the basis of in-situ chemical oxidation alone. 
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5.0  STEPS IN A PILOT TRIAL 

The following go-forward actions are recommended for a pilot trial: 

• Step 1: Treatment design and determination of appropriate chemical oxidation products 
for use in trial. 

• Step 2: Obtaining soil from the site for a trial. 

• Step 3: Conduct trial. 

• Step 4: Evaluation of trial and provide recommendation for further work. 

If the pilot trial is found to be successful, the following steps are recommended: 

• Step 1: As volumes are tentative, a performance-based specification will need to be 
written based on a volume estimate of between 2,000 m3 and 4,000 m3.   

• Step 2: Provide camp and trailers. 

• Step 3: Mob / demob consultant and contractor to site. 

• Step 4: Mix chemical in soil with excavator and allu bucket. 

• Step 5: Following a two to four week time period after mixing sample soil. 

• Step 6: If results are not achieved, add more chemical, remix and sample. 

• Step 7: Demob from site. 

• Step 8: Prepare report. 

If pilot trial is unsuccessful, the following steps are recommended for landfilling the soil: 

• Step 1: As volumes are tentative, a performance-based specification will need to be 
written for a volume estimate. 

• Step 2: Provide camp and trailer. 

• Step 3: Mob / demob consultant and contractor. 

• Step 4: Excavate soil and conduct confirmatory sampling.  Haul soil to landfill. 

• Step 5: When excavation boundaries are reached, haul fill to site, backfill and compact. 

• Step 6: Demob from site. 

• Step 7: Prepare report. 
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6.0  COST ESTIMATE 

The approximate cost for undertaking a pilot trial is estimated to be $25,000 and is broken 
down as follows 

• Step 1: $3,000 fees. 

• Step 2: $4,000 fees and $6,000 disbursements to travel to site and transport soil back 
south. 

• Step 3: $5,000 fees and $3,000 disbursements in chemical oxidation products and soil 
disposal costs. 

• Step 4:  $4,000 report and recommendation. 

Further work to successfully treat the soil, following the pilot trial will vary depending on 
the outcome.  The worst outcome would be to haul soil off site to a landfill, likely to be in 
the $1,000,000 range +/- 40%. 

7.0  SCHEDULE 

The proposed schedule for the pilot trial is as follows assuming that the trials could start by 
March 15, 2009 or sooner:   

• Treatment design beginning in winter 2009 and complete by spring 2009. 

• Obtain soil and conduct trail beginning and ending in spring 2009. 

• Evaluation report and recommendation in spring 2009. 

Work to remediate the site could proceed in 2009 and the schedule would be as follows:   

• Prepare specifications in late spring 2009. 

• Award contract early summer 2009. 

• Camp set up by end of July 2009. 

• Mob / Demob to site by beginning of August 2009.  

• One to two month field program of either in situ treatment or excavation landfilling. 

• Demob from site fall 2009.  

• Report in late fall 2009.  
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REMEDIAL ACTION PLAN (RAP) FOR AIRSTRIP 

1.0  AREA AND CONTAMINANTS OF CONCERN 

EBA Engineering Consultants Ltd. (EBA) conducted a contaminated site 
assessment in 2008 (see main report for details) at the airstrip in the Community of 
Garden River, Alberta.  One soil sample, which was collected from the Garden River 
Airstrip, at locations adjacent to fuel drums near the eastern end, exceeded the applicable 
guidelines for petroleum hydrocarbon (PHC) fractions F1 and F2.  This sample had a high 
combustible vapour concentration (CVC) [5% lower explosive limit (LEL)].  

Soil with PHC impacts at the Garden River Airstrip was associated with fuel storage at the 
eastern edge of the airstrip.  The volume of impacted soil is estimated to be 
approximately 500 m3. 

2.0  OBJECTIVES FOR REMEDIATION 

The objectives for remediation are to remove and treat/dispose soil at the site to meet the  
2007 Canadian Council of Ministers of the Environment (CCME) Canadian Soil Quality 
Guidelines for the Protection of Environmental and Human Health and/or 2008 Alberta 
Tier 1 Soil and Groundwater Remediation Guidelines (residential/parkland, coarse-textured 
surface soils).  

3.0  POTENTIAL REMEDIAL OPTIONS 

Potential remedial options include the following: 

• Excavate and remove soil to an approved landfill, likely in High Level or Rainbow Lake.  
The work would involve specification, tendering and award, mobilization of equipment 
to site, excavation and confirmatory testing of excavation, hauling and disposal of soil 
to the landfill, and backfilling of the excavation with clean soil and compaction and 
reclamation.  Advantages to this method are that it is quick to remove impacted soil and 
reclaim the site.  The technology is easy to implement.  The disadvantages are high cost 
due to distance to an appropriate landfill.  The cost if conducted at the same time as the 
Public Works Yard would be approximately $250/m3.  If done separately, costs would 
be much higher as common costs, such as a camp for workers could not be shared over 
the two projects.   

• Excavate and landfarm impacted soil within an engineered landfarm.  The work 
involves specification writing, tendering and award, mobilization of equipment to site, 
construction of landfarm, excavation of soil and placement in landfarm, backfilling and 
reclaiming excavation, tilling soil until remedial objectives are met, and 
decommissioning the landfarm.  The advantages of this method are it is economical and 
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bioremediation is a proven and easy to implement technology.  The disadvantages are 
that it will be a multi-year remedial program.  The cost of this option, if done at the 
same time as the remediation at the Public Works Yard would be approximately 
$200/m3.  If done separately, the costs would be higher.   

• Treat soil on site using in-situ chemical oxidation.  The work involves specification 
writing, tendering and award, mobilization of equipment to site, soil treatment, and 
verification testing.  Advantages to this method are that it could be relatively quick to 
treat hydrocarbons.  As equipment needs are minimal (large backhoe with allu mixing 
bucket), it is likely that local area equipment can be utilized.  Disadvantages include 
potential failure to remediate the hydrocarbon economically, so therefore, a pilot trial is 
recommended.  The cost for this option is estimated to be approximately $200/m3 if 
done at the same time as the Public Works Yard but greater if done separately.   

4.0  RECOMMENDED TREATMENT OPTION 

EBA recommends treating the soil at the airstrip in situ through either chemical oxidation 
or landfarming for the following reasons:   

• The large distance to transport impacted soil makes the cost of landfilling the soil more 
costly. 

• The potential cost savings of remediation greatly outweigh the small cost of a 
unsuccessful pilot trial, if chemical oxidation is chosen as an option.   

• While landfarming is similar in cost to chemical oxidation, it may not be effective to 
treat the soils at the Public Works yard and it would be preferable to treat the soils at 
both sites at the same time and in the same manner to save costs.  

5.0  STEPS IN A PILOT TRIAL 

Please see RAP for Public Works Yard 

6.0  COST ESTIMATE 

Please see RAP for Public Works Yard for details.  The additional costs (above those 
estimate for the Public Works Yard) to treat the soils at the airport is estimated to be 
$200,000, if done at the same time as the Public Works Yard. 

7.0  SCHEDULE 

Please see RAP for Public Works Yard 
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GEO-ENVIRONMENTAL REPORT – GENERAL CONDITIONS 

This report incorporates and is subject to these “General Conditions”. 

1.0 USE OF REPORT 
This report pertains to a specific site, a specific 
development, and a specific scope of work.  It 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 or proposed 
development would necessitate a supplementary 
investigation and assessment. 

This report and the assessments and recommendations 
contained in it are intended for the sole use of  EBA’s 
client.  EBA 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 EBA’s client unless otherwise authorized in writing 
by EBA.  Any unauthorized use of the report is at the sole 
risk of the user. 

This report is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, 
written permission of EBA.  Additional copies of the 
report, if required, may be obtained upon request. 

2.0 LIMITATIONS OF REPORT 
This report is based solely on the conditions which existed 
on site at the time of EBA’s investigation.  The client, and 
any other parties using this report with the express written 
consent of the client and EBA, acknowledge that 
conditions affecting the environmental assessment of the 
site can vary with time and that the conclusions and 
recommendations set out in this report are time sensitive. 

The client, and any other party using this report with the 
express written consent of the client and EBA, also 
acknowledge that the conclusions and recommendations 
set out in this report are based on limited observations and 
testing on the subject site and that conditions may vary 
across the site which, in turn, could affect the conclusions 
and recommendations made. 

The client acknowledges that EBA 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. 

2.1 INFORMATION PROVIDED TO EBA BY OTHERS 
During the performance of the work and the preparation of this 
report, EBA may have relied on information provided by persons 
other than the client.  While EBA endeavours to verify the 
accuracy of such information when instructed to do so by the 
client, EBA accepts no responsibility for the accuracy or the 
reliability of such information which may affect the report. 

3.0 LIMITATION OF LIABILITY 
The client recognizes that property containing contaminants and 
hazardous wastes creates a high risk of claims brought by third 
parties arising out of the presence of those materials.  In 
consideration of these risks, and in consideration of EBA 
providing the services requested, the client agrees that EBA’s 
liability to the client, with respect to any issues relating to 
contaminants or other hazardous wastes located on the subject site 
shall be limited as follows: 
1. With respect to any claims brought against EBA by the client 

arising out of the provision or failure to provide services 
hereunder shall be limited to the amount of fees paid by the 
client to EBA under this Agreement, whether the action is 
based on breach of contract or tort; 

2. With respect to claims brought by third parties arising out of 
the presence of contaminants or hazardous wastes on the 
subject site, the client agrees to indemnify, defend and hold 
harmless EBA from and against any and all claim or claims, 
action or actions, demands, damages, penalties, fines, losses, 
costs and expenses of every nature and kind whatsoever, 
including solicitor-client costs, arising or alleged to arise either 
in whole or part out of services provided by EBA, whether 
the claim be brought against EBA for breach of contract or 
tort. 
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4.0 JOB SITE SAFETY 
EBA is only responsible for the activities of its employees 
on the job site and is not responsible for the supervision 
of any other persons whatsoever.  The presence of EBA 
personnel on site shall not be construed in any way to 
relieve the client or any other persons on site from their 
responsibility for job site safety. 

5.0 DISCLOSURE OF INFORMATION BY 
CLIENT 

The client agrees to fully cooperate with EBA 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 acknowledges that in order for EBA to properly 
provide the service, EBA is relying upon the full 
disclosure and accuracy of any such information. 

6.0 STANDARD OF CARE 
Services performed by EBA for this report have been 
conducted 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.  
Engineering judgement has been applied in developing the 
conclusions and/or recommendations provided in this 
report.  No warranty or guarantee, express or implied, is 
made concerning the test results, comments, 
recommendations, or any other portion of this report. 

7.0 EMERGENCY PROCEDURES 
The client undertakes to inform EBA of all hazardous 
conditions, or possible hazardous conditions which are 
known to it.  The client recognizes that the activities of 
EBA may uncover previously unknown hazardous 
materials or conditions and that such discovery may result 
in the necessity to undertake emergency procedures to 
protect EBA employees, other persons and the 
environment.  These procedures may involve additional 
costs outside of any budgets previously agreed upon.  The 
client agrees to pay EBA for any expenses incurred as a 
result of such discoveries and to compensate EBA 
through payment of additional fees and expenses for time 
spent by EBA to deal with the consequences of such 
discoveries. 

8.0 NOTIFICATION OF AUTHORITIES 
The client acknowledges that 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 EBA in its reasonably exercised discretion. 

9.0 OWNERSHIP OF INSTRUMENTS OF SERVICE 
The client acknowledges that all reports, plans, and data generated 
by EBA during the performance of the work and other documents 
prepared by EBA are considered its professional work product and 
shall remain the copyright property of EBA. 

10.0 ALTERNATE REPORT FORMAT 
Where EBA submits both electronic file and hard copy versions of 
reports, drawings and other project-related documents and 
deliverables (collectively termed EBA’s instruments of professional 
service), the Client agrees that only the signed and sealed hard copy 
versions shall be considered final and legally binding.  The hard 
copy versions submitted by EBA shall be the original documents 
for record and working purposes, and, in the event of a dispute or 
discrepancies, the hard copy versions shall govern over the 
electronic versions.  Furthermore, the Client agrees and waives all 
future right of dispute that the original hard copy signed version 
archived by EBA shall be deemed to be the overall original for the 
Project. 

The Client agrees that both electronic file and hard copy versions 
of EBA’s instruments of professional service shall not, under any 
circumstances, no matter who owns or uses them, be altered by 
any party except EBA.  The Client warrants that EBA’s 
instruments of professional service will be used only and exactly as 
submitted by EBA. 

The Client recognizes and agrees that electronic files submitted by 
EBA have been prepared and submitted using specific software 
and hardware systems.  EBA makes no representation about the 
compatibility of these files with the Client’s current or future 
software and hardware systems. 
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