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EXECUTIVE SUMMARY 

Shell Canada Energy (Shell) retained IEG Consultants Ltd (IEG) to conduct a Remediation Program at 
the Camp Farewell Lagoon located at 69o12’30.0” N and longitude 135o06’04.4” W in the Mackenzie 
Delta, approximately 125 km northwest of Inuvik and approximately 135 km west of Tuktoyaktuk, 
Northwest Territories. The field portion of the Remediation Program was conducted between July 12 
and August 26, 2016. 

The 2016 remediation program entailed the excavation, treatment, risk-based assessment, and 
backfilling of the impacted soil on-site. The conclusions and key findings of the 2016 remediation 
program are as follows: 

 Soil was excavated from seven excavation zones (2, 3, 4, 10, 11, 13, and 14) and stockpiled on-
site from July 13 to August 9, 2016. Excavated soil was placed into windrows established on 
the undisturbed area of the Site and treated with an Allu bucket; 

 Treated soil was used to backfill successfully remediated zones (3 and 4). Due to the lack of 
sufficient treated soil excavation zones (2 and 11) and portions of excavation zones (10, 13, 
and 14) meeting GNWT guidelines or risk-based criteria were backfilled with untreated soil 
which will require re-excavation and further treatment; 

 A total of approximately 24,000 m3 of soil was excavated from seven excavation zones.  
Approximately 10,000 m3 was successfully treated on-site and used to fully backfill two 
excavation zones (2 and 11). Approximately 14,000 m3 of soil did not meet the GNWT 
guidelines following soil treatment activities and was used to fully or partially backfill five 
excavation zones (3, 4, 10, 13, and 14); 

 Approximately 200 m³ of soil was determined to be unsuitable for on-site treatment and was 
packaged into 1 m3 soil bags for transport off-site via barge to an appropriate disposal facility; 
and, 

 Six excavation zones (2, 3, 10, 11, 13, and 14) were successfully remediated and do not 
require further excavation. Excavation zone 4 requires additional excavation between 0.6 and 
1.0 m bgs. Fifteen zones were not excavated during 2016 and require remediation during 
future programs at the Site. 
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1 INTRODUCTION 

Shell Canada Energy (Shell) retained IEG Consultants Ltd. (IEG) and Tervita Corporation (Tervita) to 
conduct a Remediation Program at Camp Farewell (the Site) located at latitude 69o12’30.0” N and 
longitude 135o06’04.4” W in the Mackenzie Delta, approximately 125 km northwest of Inuvik and 
approximately 135 km west of Tuktoyaktuk, Northwest Territories (Figure 1). This report details the 
activities and findings of the Remediation Program. 

The 2016 Remediation Program entailed the excavation, treatment, risk-based assessment, and 
backfilling of the impacted soil on-site.  Soil that was not successfully treated on-site was backfilled in 
impacted areas to be excavated and treated again at a later date. Soil that could not be treated 
within a feasible amount of time (as per the direction of Shell representatives) was packaged and 
removed from the Site via barge for transport to an appropriate facility. The field portion of the 
Remediation Program was conducted between July 12 and August 26, 2016. 
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2 SCOPE OF WORK 

IEG conducted a Phase II Site Assessment at Camp Farewell (Site) in 2015, which identified soil 
impacts across the Site. The objective of the 2016 Remediation Program was to initiate the 
excavation and on-site treatment of impacted soil.  

The scope of work for the 2016 Remediation Program was conducted by Tervita and IEG, and 
included the following: 

 logistics management and permitting; 

 dividing the main portion of the Site (excluding the airstrip) into a grid consisting of 22 zones. 
Excavating impacted soil in each zone to varying depths between 0.3 and 1.0 m below ground 
surface (bgs); 

 conducting a risk assessment to evaluate impacted soils identified at depths greater than 
1.0 m bgs;  

 windrowing excavated soil and treating with an Allu bucket; 

 excavating isolated areas with reported PHC fraction F3 and F4 exceedances and packaging 
soil for disposal off-site; 

 conducting a Global Positioning System (GPS) survey of the Site features and excavation 
extents with a Trimble GPS unit;  

 collecting confirmatory excavation soil samples prior to backfilling, and from windrows during 
treatment; 

 backfilling of excavated areas; and  

 preparation of the Remediation Program, Annual Report 2016. 

IEG was responsible for conducting the following tasks within the overall scope of work: 

 logistics management and permitting; 

 supervising the excavation of impacted soil; 

 risk assessment of impacted soil;  

 collecting confirmatory excavation soil samples; 

 collecting confirmatory windrow samples; 

 collecting GPS coordinates of excavated areas; 

 supervising the backfill of successfully treated soil into excavated areas; and, 

 preparing the remediation program, annual report 2016. 
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3 SITE HISTORY 

3.1 Site Construction History 

Camp Farewell was constructed in the winter of 1970 and summer of 1971, and was operated as a 
staging and storage site in support of the Shell Mackenzie Delta Drilling Program. The Site consisted 
of a self-contained camp, providing electrical and heating services and facilities for accommodation, 
meals, fuel storage, equipment handling, water withdrawal and wastewater storage.  

The Site was constructed on permafrost, and based on its history, the preservation of this layer was 
taken into account during construction. During construction, a layer of polyurethane (either 50 mm 
foam or pads) was installed, including 450 mm of compacted gravel, to act as a thermal barrier and 
prevent contamination of underlying soils and groundwater.  

3.2 Spill History 

Approximately 80,000 litres of water impacted with diesel fuel was released from the tank farm in 
1981, according to a search of the Government of Northwest Territories (GNWT) Hazardous Spills 
Database. Investigation suggests the spill was a result of vandalism/theft that occurred in the winter 
of 1980 to 1981, resulting in the spring release, which was reported to authorities on May 24, 1981. 
Released fluids overtopped the berm and flowed with Site topography to the southwest, over the 
steep banks of the Site and onto the frozen Mackenzie River (WorleyParsons 2011). 

Additional detail regarding the actual spill and clean-up efforts is provided in the Komex 2001 report 
titled “Phase I and Phase II Environmental Site Assessment of the Shell Farewell Stockpile and 
Campsite” (Komex 2001). 

3.3 Previous Environmental Investigations 

Multiple environmental investigation programs, remediation programs, and other investigations have 
been conducted at the Site since 2001. IEG has reviewed the available reports concerning these 
programs and have provided summaries of the programs (Appendix I). 

 Komex (Komex International Ltd.), 2001. Phase I and Phase II Environmental Site Assessment 
of the Shell Farewell Stockpile and Campsite. Unpublished report prepared for: Shell Canada 
Limited, July, 2001. C52360000. 

 WorleyParsons Komex, 2006. 2006 Environmental Site Assessment, Camp Farewell, NT. 
December, 2006. 

 WorleyParsons, 2008. Interim Abandonment and Restoration Program, Camp Farewell, NT. 
Unpublished report prepared for Shell Canada Energy Limited, November, 2008. C52360500. 

 WorleyParsons, 2010. 2009 Interim Abandonment and Restoration Program, Camp Farewell, 
NT. Unpublished report prepared for Shell Canada Energy Limited, April, 2010. C52360500. 

 WorleyParsons, 2011. 2010 Interim Abandonment and Restoration Program, Camp Farewell, 
NT. Unpublished report prepared for Shell Canada Energy Limited, March, 2011. C52360500 
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 IEG (IEG Consultants Ltd.), 2010. 2009 Camp Farewell Hydrocarbon Impacted Soil Remediation 
Report. Prepared for: Shell Canada Energy. February 24th, 2010. 

 IEG (IEG Consultants Ltd.), 2012. Summary of 2012 Camp Farewell Activities. Letter report 
prepared for: Shell Canada Energy and Canadian Wildlife Services in compliance with Kendall 
Island Bird Sanctuary Permit. December 13, 2012. 

 IEG (IEG Consultants Ltd.), 2013b. 2012 Annual Report, Type “B” Water License #N7L1-1834. 
Prepared for: Shell Canada Energy and the Northwest Territories Water Board. March 28, 
2013. 

 IEG (IEG Consultants Ltd.), 2014. Camp Farewell Lagoon Remediation. April, 2014. 

 IEG (IEG Consultants Ltd.), 2015. Environmental Supervision during 2014 Decommissioning 
Program – Amended. September 2015. 

 IEG (IEG Consultants Ltd.), 2016a. Camp Farewell 2015 Decommissioning and Soil Assessment 
Program Report. April 2016. 

3.4 Previous Environmental Studies 

There have been no studies requested by the Inuvialuit Water Board that relate to waste disposal, 
water use, or reclamation. There are no future studies planned at this time. 
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4 PROGRAM LOGISTICS AND PERMITTING 

As part of the scope of work, IEG and Shell conducted several tasks concerning logistics management 
and permitting for the 2016 Remediation Program. Each of these tasks is described in the following 
sections as per the requirements of the Inuvialuit Water Board.  

4.1 Permitting and Licensing 

IEG and Shell obtained permits and licenses prior to commencement of the Remediation Program. 
The following sections provide information on each permit or license. Copies of permits and licenses 
are provided in Appendix II. 

4.1.1 Environmental Impact Screening Committee 

IEG prepared a Project Description (IEG, 2016a) for the remediation activities at the Site. The Project 
Description was sent to the Environmental Impact Screening Committee (EISC), the Aklavik Hunters 
and Trappers Committee (AHTC), the Inuvik Hunters and Trappers Committee (IHTC) and the 
Tuktoyaktuk Hunters and Trappers Committee (THTC) on April 21, 2016. Three agencies responded 
with comments and/or approval to proceed. Permission to proceed with the Remediation Program 
was obtained by the EISC. 

4.1.2 Water Use 

Shell applied for a Type B Water License (N7L1-1834) through the Northwest Territories Water Board 
(NWTWB) on February 28, 2012. The application was to withdraw up to 150 m3 per day from the 
McKenzie River to construct an ice road should remedial activities occur during the winter months 
and to withdraw up to 50 m3 for operation of the on-site camp. Water License N7L1-1834 was 
granted on July 18, 2012 for the withdrawal of 150 m3 per day for industrial undertakings and 
associated uses. The permit was amended on July 18, 2017 to extend the expiry date to July 17, 2029. 

During the 2016 Remediation Program, approximately 760 US barrels of fresh water was obtained 
from a spacer barge and used for the daily operation of the camp barge. Fresh water was not 
obtained from other sources during the 2016 Remediation Program. 

4.1.3 Canadian Wildlife Service Migratory Birds Sanctuary Permit 

A Canadian Wildlife Services (CWS) permit (Migratory Birds Sanctuary Permit) is renewed for the Site 
each year. The applicable CWS permit (NWT-MBS-16-01) during the Camp Farewell Remediation 
Program was issued on February 17, 2016 and expired on December 31, 2016. 
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5 REMEDIATION PROGRAM METHODOLOGY 

During the 2016 Remediation Program, Tervita was the prime contractor on-site managing and 
directing Site activities, as well as coordinating logistical and safety aspects. Tervita contracted 
Mackenzie Delta Integrated Oilfield Services (MDIOS) to provide personnel for the remediation 
activities. IEG provided environmental supervision and collected soil samples from excavations and 
windrows of treated soil. IEG contracted GatePost Risk Analysis (GPRA) to complete the risk 
assessment of selected soil impacts.  

The following sections describe remediation activities conducted by Tervita, MDIOS, IEG, and GPRA. 
Site photographs are provided in Appendix III. A site plan is shown on Figure 2.  

5.1 Camp Mobilization/Demobilization 

A barge camp was mobilized to the Site from Inuvik on July 10, 2016 via the Mackenzie River. 
Mobilization of the barge to Site took approximately 24 hours (Appendix III, Photo 1). The barge was 
anchored to bollards in the boat docking area at the Site (Figure 2). The barge comprises three levels, 
consisting of a kitchen and dining unit, a common lounge area, sleeping accommodations, shop 
space, office space, a heli-pad, and heavy machinery. A fuel spill kit, generators, and a wastewater 
tank were also contained on the barge. Wastewater from the barge was disposed of in Inuvik. The 
barge was operated and maintained by a barge master for the duration of Site activities. On 
August 27, 2016 the barge was demobilized from the Site via the Mackenzie River. 

5.2 Excavations and Soil Windrows 

Soil was excavated from Zones 2, 3, 4, 10, 11, 13, and 14 and stockpiled on-site from July 13 to 
August 9, 2016. Prior to the excavating, the corner of each zone was located using a handheld GPS 
and marked with a stake. Excavation activities were started in the northwest section of the Site so 
that the remainder of the Site could be used for stockpiling, placement of windrows, and soil 
treatment (Appendix III, photo 2). The depth of the excavation in each zone was based on the 
location of impacted soil identified during the Phase II ESA preformed in 2015 (IEG 2016b). The 
excavation zones are shown on Figure 3. Details regarding the excavation in each zone are provided 
in Section 7.  

Excavated soil was placed into one of 19 windrows established on the undisturbed area of the Site 
from July 13 to August 9, 2016. The windrowed soil was treated with an Allu bucket provided by 
MDIOS from July 16 to August 22, 2016 (Appendix III, photo 3). Windrow soil samples were collected 
following the first treatment to characterize remaining impacts or to confirm remediation success.  

5.3 Soil Sampling 

A total of 81 discrete confirmatory soil samples were collected from the excavation bases within each 
excavation area during the remediation program. The samples were collected in order to confirm 
remediation success at excavation walls and bases. Soil samples were collected on an approximately 
20 m by 20 m grid from each of the excavations and submitted for analysis of BTEX and PHC fractions 
F1 to F4 concentrations. A total of 172 composite soil samples were collected from the windrows 
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during the remediation program. Windrow samples were also analyzed for BTEX and PHC fractions F1 
to F4 concentrations.  

Excavation and windrow soil samples collected were placed directly into sterile plastic bags and glass 
containers equipped with Teflon-lined lids. Field screening involved measuring the organic vapor 
concentration in the headspace of sample bags using a RKI Eagle portable gas detector. Field 
screening results are provided in Table 1. 

Standard chain-of-custody protocol was followed for collected samples. Soil samples were stored in 
sealed coolers with frozen ice packs prior to being submitted to AGAT Laboratories (AGAT) in 
Edmonton, Alberta. AGAT is accredited by the Canadian Associations for Environmental Analytical 
Laboratories for the analyses performed. 

During the course of the remediation program at Camp Farewell, the coordinates of each excavation 
soil sample location were measured using a Trimble GPS. The equipment used provides real time 
measurement of position and elevation with a positional accuracy of less than 1 m (generally less 
than 0.5 m) and less than 2 m in elevation. The coordinates were recorded in UTM NAD 83 (zone 8N). 

5.4 Backfilling 

Under the direction of Tervita, from August 16 to August 25, 2016 MDIOS hauled soil from the 
windrows of treated soil (confirmed as meeting the GNWT guidelines) and used it as backfill in 
excavations where analytical results confirmed all impacted soil had been successfully removed, or 
where impacted soil met risk-based criteria. Windrowed soil that was not fully treated was used as 
backfill in excavations where impacted soil was not completely removed. Due to the lack of available 
successfully treated soil, some excavations or portions of excavations meeting GNWT guidelines or 
risk-based criteria were backfilled with unsuccessfully treated windrowed soil that will be removed 
and further treated during future site activities.  

The backfill was placed in 0.3 m lifts and slightly mounded with additional fill to allow for settlement 
(Appendix III, photograph 4). Following backfilling, the boundaries of impacted excavation zones and 
those zones backfilled with untreated soil were located via GPS so that the soil can be re-excavated 
for further treatment and clean excavation limits can be established.  

5.5 Waste Disposal and Water Use 

Soil from portions of the Zone 3 and 4 excavations that could not be treated on-site within a feasible 
amount of time as determined by Shell was packed into soil bags provided by Tervita. Each soil bag 
contained approximately 1 m3 of impacted soil. Soils bags were packed carefully using the backhoe 
bucket and placed in the on-site staging area, located east of the shops (Appendix III, photograph 5). 

On August 25, 2016, barges were loaded with the soil bags for transport to Hay River. From Hay River 
the soil bags and crates were transferred to trucks and further transported to the Tervita Rainbow 
Lake Landfill (approximately 2,800 km from Camp Farewell). Approximately 200 m3 of material was 
disposed in the landfill in 2016. An additional approximately 100 m3 of potentially untreatable soil 
remains to be excavated during future remedial activities and shipped to the landfill. 
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Waste water generated at the barge camp was contained in a waste water holding AST and disposed 
at an approved facility by the barge operator. Domestic waste was contained in garbage bins on the 
barge and burned on-Site in an incinerator. Domestic waste was produced at a rate of approximately 
two garbage bags per day according to the barge master. 

There were no spills or unauthorized discharges during the 2016 remediation program. An overview 
of appropriate spill response actions and communications was reviewed at morning tail gate 
meetings. 

5.6 Risk Assessment 

Risk assessment is a remediation strategy implemented at appropriate sites as an alternative to 
physical remediation. Risk assessment directly evaluates whether impacted materials in situ pose a 
risk to existing receptors in a given environment. The objective of the risk assessment conducted by 
GPRA at the Camp Farewell site was to determine via risk-based criteria whether identified soil 
impacts at depths greater than 1.0 m bgs could be left in place rather than excavated and treated to 
meet GNWT guidelines. GPRA conducted a qualitative, screening level risk assessment that focused 
on receptor identification and site-appropriate exposure pathway elimination. The site characteristics 
of Camp Farewell were evaluated against existing guidelines using a risk assessment approach, and 
protective contaminant concentration limits were applied from existing sources that were most 
appropriate for the site (GPRA 2017). The GPRA risk assessment is provided in Appendix IV. 

5.7 Quality Assurance and Quality Control 

Quality assurance and quality control measures were implemented while collecting, storing, shipping, 
and analyzing the samples collected during this investigation, including: 

 donning new nitrile and/or latex gloves prior to the collection of each sample and/or 
subsequent to contact with soil while sampling; 

 using both GPS and field measurements to record the sample locations; 

 cleaning and decontaminating any sampling tools and/or equipment prior to collecting each 
sample and/or subsequent to contact with soil while sampling; 

 labelling samples with a unique identifier; 

 storing samples in clean and appropriate laboratory supplied sample jars; 

 storing samples in ice packed coolers where appropriate to maintain samples near the 
recommended 4°C temperature; and, 

 shipping samples to an accredited laboratory for analyses following standard chain-of-custody 
protocol. 

The quality assurance and quality control (QA/QC) protocols are provided in Appendix V. 
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6 REGULATORY FRAMEWORK 

The guidelines for organic and inorganic parameters in soil, sediment and water are provided by the 
Canadian Council of Ministers of the Environment (CCME), Canadian Environmental Quality 
Guidelines (CEQG), 1999 (with updates). The CCME CEQG provides guidelines for four primary land 
uses; “Agricultural”, “Residential/Parkland”, “Commercial”, and “Industrial”, and two soil types; 
“Fine” and “Coarse” grained soil, defined as having a median grain size of <75 μm or >75 μm, 
respectively. 

Guidelines for salinity, trace metals, PHC, and PAH parameters in soil are provided by the CCME 
Canada-Wide Standards for Petroleum Hydrocarbons (PHC) in Soil (2001) as well as by the GNWT, 
Environmental Guideline for Contaminated Site Remediation, November 2003. The GNWT 
Contaminated Site Remediation (CSR) guidelines defines the same land uses and soil textures as 
CCME CEQG. The GNWT CSR further identifies guidelines for surface soil (0 m to 1.5 m depth) and 
subsoil (>1.5 m), and site-specific pathways that apply to soil, including “soil ingestion”, “nutrient 
cycling”, and “ecological soil contact”, among others. 

The following information was used to determine the applicable assessment guidelines and exposure 
pathways for soil at the Site: 

 the southern and western edges of the Site are adjacent to the Middle Channel of the 
Mackenzie River; 

 the surface water bodies are capable of sustaining aquatic life; 

 there are no domestic water wells on, or within a 1 km radius of the Site; 

 soils at the Site consist of a very thin organic layer overlying a coarse-grained, sandy layer; 

 the maximum depth of investigation was approximately 7.5 m bgs; and, 

 current and likely future land uses for the Site and surrounding properties are 
“Residential/Parkland”, by GNWT Guidelines. 

Based on the current land use definitions, the Parkland guidelines and the ecological soil contact 
pathway are the most applicable for the Site at this time.  

6.1 Soil Quality 

Based on the land use of the Site and the surrounding properties, benzene, toluene, ethylbenzene, 
and xylenes (BTEX) in soil were compared to the coarse-textured soil guidelines found in the GNWT 
Environmental Guideline for Affected Site Remediation (November 2003), where applicable.  

The analytical results for PHC fractions F1 (C6-C10), F2 (C10-C16), F3 (C16-C34) and F4 (C34-C50) were 
compared to the GNWT guidelines for coarse-textured subsoil (greater than 1.5 m). The limiting 
exposure pathway is “ecological soil contact”. The “protection of potable groundwater” pathway is 
excluded based on the depth of permafrost in the region. 

 



Shell Canada Energy 
Camp Farewell  

Remediation Program, Annual Report 2016 - 
Amended 

 

171221 Rem Report - Amended.docx 

 

Page 10 
A04012A08 December 2017  

 

7 REMEDIATION PROGRAM RESULTS 

7.1 Risk Assessment Results 

The screening level risk assessment of soils for the Camp Farewell site was conducted by GPRA in 
January 2017. The majority of GNWT guidelines are based on exposure pathways protecting 
groundwater for drinking water or for freshwater aquatic life. The risk assessment resulted in 
elimination of the following exposure pathways: groundwater to drinking water; groundwater to 
freshwater aquatic life; direct soil contact or ingestion; and indoor vapour transport. These pathways 
were eliminated based on the shallow soil active zone where any groundwater would freeze annually, 
the permafrost barrier near 1.5 m, the distance to surface water bodies, and the remediation of 
surface soil (above 1.0 m bgs) to GNWT guidelines. For PHCs in the subsoil, the remaining potential 
exposure pathway was identified as ecological direct contact (GPRA 2017). 

The risk assessment determined that leaving impacted soil in place at depths greater than 1.0 m bgs 
will result in very low risks of PHCs concentrations causing adverse effects for any ecological 
receptors via the direct contact pathway (GPRA 2017). Therefore, impacted soil at depths greater 
than 1.0 m bgs could be left in place in all excavation zones across the Site. As a further assurance, 
concentrations of PHC constituents in confirmatory soil samples were also compared with the PHC 
parameter concentrations used to complete the risk assessment to confirm that soil concentrations in 
excavated areas were within the assumptions of the risk assessment.  

7.2 Windrow Soil Sample Results 

Composite soil samples were collected from the 19 windrows of treated soil on-site between July 19 
and August 18, 2016. Windrow soil analytical results along with sample dates are summarized in 
Table 2 and laboratory analytical reports are attached in Appendix VI. 

Composite samples from windrows 1 to 5, 16, 17, and 18 contained concentrations of PHCs that were 
less than the GNWT guidelines and soil from these windrows was used to backfill all or part of the 
excavations in Zones 2, 10, 11, 13, and 14. Soil samples from the remaining 11 windrows contained 
concentrations of toluene, F2 and/or F3 that exceeded the GNWT guidelines. Soil from these 11 
windrows was used to backfill excavations in Zone 3 and Zone 4, and portions of the Zone 10, 13, and 
14 excavations. This soil will be excavated and further treated during future Site work.  

7.3 Confirmatory Soil Sample Results 

Seven zones were excavated during the 2016 remediation program. Confirmatory excavation limit 
samples were collected once the excavations had been expanded laterally and vertically to 
anticipated clean limits or to a depth of 1.0 m (Figure 3). Excavation soil sample results exceeding the 
GNWT guidelines and collected from depths of 1.0 m or greater were evaluated via the established 
risk assessment criteria. Detailed excavation and soil sampling results from each zone are provided in 
the following sections. 
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Confirmatory soil analytical results are summarized in Table 1 and laboratory analytical reports are 
attached in Appendix VI. Locations of all confirmatory excavation sample points are shown on 
Figure 4, along with the boundaries of each excavation and the composition of backfill material.  

7.3.1 Zone 2 Excavation 

Remedial excavation activities in Zone 2 were conducted from July 14, 2016 to July 21, 2016. The 
excavation was located in the northwest corner of the Site and measured approximately 75 m by 
75 m. The maximum depth of the excavation was 1.0 m bgs.   

A total of 17 soil samples, including one duplicate sample, were taken from the base of the Zone 2 
excavation. Concentrations of toluene, xylenes, and hydrocarbon fractions F2 and F3 that exceeded 
the GNWT guidelines were detected in five Zone 2 excavation base samples. Confirmatory sample 
exceedances in Zone 2 are summarized in Table 7-1.  

Table 7-1 Confirmatory Sample Exceedances – Zone 2 

Sample Location Parameters Exceeding GNWT Guidelines 
GS16-002 Toluene, F3 
GS16-006 F3 
GS16-007 F2, F3 
GS16-008 Toluene 
GS16-016 Xylenes, F2, F3 

 

Each of the five locations of PHCs exceedances in Zone 2 were evaluated according to the risk-based 
criteria. The sample results met the criteria to remain in place, and no further excavation is required 
in Zone 2. The Zone 2 excavation was fully backfilled with successfully treated windrowed soil.   

7.3.2 Zone 3 Excavation 

Remedial excavation activities in Zone 3 were conducted from July 21, 2016 to August 10, 2016. The 
excavation was located along the northern boundary of the Site. The dimensions of the excavation 
were approximately 85 m by 85 m. The maximum depth of the excavation was 1.0 m bgs.   

A total of 16 confirmatory samples, including 1 duplicate sample, were taken from the base of the 
Zone 3 excavation. Concentrations of toluene, xylenes, and hydrocarbon fractions F2 and F3 that 
exceeded the GNWT guidelines were detected in nine of the Zone 3 excavation base samples. 
Confirmatory sample exceedances in Zone 3 are summarized in Table 7-2. 

Table 7-2 Confirmatory Sample Exceedances – Zone 3 

Sample Location Parameters Exceeding GNWT Guidelines 
GS16-110 Toluene 
GS16-111 Toluene, Xylenes, F2, F3 
GS16-112 F3 
GS16-115 Toluene, F2, F3 
GS16-116 Toluene, Xylenes, F2, F3 
GS16-117 F3 
GS16-118 Toluene, F2, F3 
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Sample Location Parameters Exceeding GNWT Guidelines 
GS16-119 Toluene, F2, F3 
GS16-120 Toluene, Xylenes, F2, F3 

 

Each of the nine locations of PHCs exceedances in Zone 3 were evaluated according to the risk-based 
criteria. The sample results met the criteria to remain in place, and no further excavation is required 
in Zone 3. The Zone 3 excavation was backfilled with impacted windrowed soil.   

7.3.3 Zone 4 Excavation 

Remedial excavation activities in Zone 4 were conducted from July 21, 2016 to August 2, 2016. The 
excavation was located along the north boundary of the Site. The dimensions of the excavation were 
approximately 40 m by 75 m. The maximum depth of the excavation was approximately 0.6 m bgs.   

A total of eight soil samples were taken from the Zone 4 excavation. Concentrations of toluene, 
xylenes, and hydrocarbon fractions F1, F2 and F3 that exceeded the GNWT guidelines were detected 
each of the Zone 4 excavation base samples. Confirmatory sample exceedances in Zone 4 are 
summarized in Table 7-3. 

Table 7-3 Confirmatory Sample Exceedances – Zone 4 

Sample Location Parameters Exceeding GNWT Guidelines 
GS16-121 Xylenes, F1, F2, F3 
GS16-122  F2, F3 
GS16-123 F2 
GS16-124 Xylenes, F3 
GS16-125 Xylenes, F1, F2 
GS16-126 Toluene, Xylenes, F1, F2 
GS16-127 Toluene, Xylenes, F1, F2 
GS16-128 Toluene, Xylenes, F2, F3 

 

Because the eight locations of PHCs exceedances in Zone 4 were at depths less than 1.0 m bgs, they 
were not evaluated according to the risk-based criteria. Further excavation of impacted soil is 
required in Zone 4, and the Zone 4 excavation was backfilled with impacted windrowed soil.  

7.3.4 Zone 10 Excavation 

Remedial excavation activities in Zone 10 were conducted from July 21, 2016 to August 10, 2016. The 
excavation was located in the center of the Site. The dimensions of the excavation were 
approximately 25 m by 75 m. The maximum depth of the excavation was approximately 1.0 m bgs.   

A total of 12 soil samples, including one duplicate, were taken from the Zone 10 excavation. Each of 
the soil samples collected from the base of the Zone 10 excavation contained PHC concentrations 
that were less than the GNWT guidelines, and no further excavation is required in Zone 10. The 
majority of the Zone 10 excavation was backfilled with successfully treated windrowed soil, while an 
area along the northern boundary of the excavation was backfilled with impacted windrowed soil.   
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7.3.5 Zone 11 Excavation 

Remedial excavation activities in Zone 11 were conducted from July 14, 2016 to July 21, 2016. The 
excavation was located along the western boundary of the Site. The dimensions of the excavation 
were approximately 75 m by 75 m. The maximum depth of the excavation was approximately 
1.0 m bgs.   

A total of 16 soil samples, including two duplicates, were taken from the Zone 11 excavation. 
Confirmatory sample GS16-017 (1.0 m bgs) contained toluene that exceeded the GNWT guideline. 
This sample was evaluated according to the risk-based criteria. The sample results met the criteria to 
remain in place, and no further excavation is required in Zone 11. The Zone 11 excavation was fully 
backfilled with successfully treated windrowed soil. The boundaries of the Zone 11 excavation and 
the location of backfill material are shown on Figure 4. 

7.3.6 Zone 13 Excavation 

Remedial excavation activities in Zone 13 were conducted from July 21, 2016 to August 2, 2016. The 
excavation was located on the southwest zone of the Site. The dimensions of the excavation were 
approximately 75 m by 60 m. The maximum depth of the excavation was approximately 0.6 m bgs.   

A total of 8 soil samples were taken from the base of the Zone 13 excavation. Each of the soil samples 
collected from the Zone 13 excavation contained PHC concentrations that were less than the GNWT 
guidelines, and no further excavation is required in Zone 13. The majority of the Zone 13 excavation 
was backfilled with successfully treated windrowed soil, while an area along the southern boundary 
of the excavation was backfilled with impacted windrowed soil.  

7.3.7 Zone 14 Excavation 

Remedial excavation activities in Zone 14 were conducted from July 21, 2016 to August 2, 2016. The 
excavation was located on the southwest zone of the Site. The dimensions of the excavation were 
approximately 20 m by 60 m. The maximum depth of the excavation was approximately 0.6 m bgs.   

A total of 10 soil samples, including one duplicate, were taken from the Zone 14 excavation. Each of 
the soil samples collected from the base of the Zone 14 excavation contained PHC concentrations 
that were less than the GNWT guidelines, and no further excavation is required in Zone 14. The 
majority of the Zone 14 excavation was backfilled with successfully treated windrowed soil, while an 
area along the southern boundary of the excavation was backfilled with impacted windrowed soil.  

7.4 Soil Volumes and Remediation Summary 

A total of approximately 24,000 m3 of soil was excavated from seven excavation zones during the 
2016 Remediation Program.  Approximately 10,000 m3 was successfully treated on-site and used to 
fully backfill two excavations. Approximately 14,000 m3 of soil did not meet the GNWT guidelines 
following soil treatment activities and was used to fully or partially backfill five excavations. This 
volume of soil requires additional on-site treatment during the 2017 remediation program.  
 
Approximately 200 m3 of soil was determined to be unsuitable for on-site treatment and was 
packaged into 1 m3 soil bags for transport off-site via barge to an appropriate disposal facility. 
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Based on the results of confirmatory sampling, six excavation zones were successfully remediated 
during the 2016 program and do not require further excavation, other than removal of impacted 
windrowed soil for additional treatment. One zone requires additional excavation between 0.6 and 
1.0 m bgs. Fifteen zones were not excavated during 2016 and require remediation during future 
programs at the Site.   

7.4.1 Challenges and Setbacks 

The success of the soil treatment with an Allu bucket requires the volatilization of PHCs from 
impacted soil. Challenges and setbacks during the 2016 Remediation Program included cool weather 
and rainy periods, as the rate and extent of volatilization of PHCs in soil is improved with dry 
conditions at increased temperatures. 

7.5 Quality Assurance and Quality Control 

For quality assurance purposes 24 replicate samples were collected for analysis of petroleum 
hydrocarbon parameters. The samples were submitted to the laboratory as blind replicates. 

The laboratory results for the replicate and original samples were compared and evaluated for quality 
on the basis of either relative percent difference (RPD) or absolute difference (AD). Three parameters 
(F2 to F4) were identified above the Zeiner (1994) criteria in the QA/QC review for results received 
under AGAT work orders 16E117223, 16E119478, 16E123918, 16E126254, 16E128870, and 
16E131607 and are considered estimates only. The remainder of the analytical program is considered 
to be precise. 

The quality assurance and quality control (QA/QC) program included laboratory QA/QC protocols 
which are provided in Appendix V. QA/QC results are presented in Table 3. Laboratory quality 
assurance reports and analytical methods are presented in Appendix VI. 
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8 CONCLUSIONS  

Shell retained IEG and Tervita to conduct the remediation program at the Site in July and August 
2016. The 2016 remediation program entailed the excavation, treatment, risk-based assessment, and 
backfilling of the impacted soil on-site. The conclusions and key findings of the 2016 remediation 
program are as follows: 

 Soil was excavated from seven excavation zones (2, 3, 4, 10, 11, 13, and 14) and stockpiled on-
site from July 13 to August 9, 2016. Excavated soil was placed into windrows established on 
the undisturbed area of the Site and treated with an Allu bucket; 

 Treated soil was used to backfill successfully remediated zones (3 and 4). Due to the lack of 
sufficient treated soil, excavation zones (2 and 11) and portions of excavation zones (10, 13, 
and 14) meeting GNWT guidelines or risk-based criteria were backfilled with untreated soil 
which will require re-excavation and further treatment; 

 A total of approximately 24,000 m3 of soil was excavated from seven excavation zones.  
Approximately 10,000 m3 was successfully treated on-site and used to fully backfill two 
excavation zones (2 and 11). Approximately 14,000 m3 of soil did not meet the GNWT 
guidelines following soil treatment activities and was used to fully or partially backfill five 
excavation zones (3, 4, 10, 13, and 14); 

 Approximately 200 m³ of soil was determined to be unsuitable for on-site treatment and was 
packaged into 1 m3 soil bags for transport off-site via barge to an appropriate disposal facility; 
and, 

 Six excavation zones (2, 3, 10, 11, 13, and 14) were successfully remediated and do not 
require further excavation. Excavation zone 4 requires additional excavation between 0.6 and 
1.0 m bgs. Fifteen zones were not excavated during 2016 and require remediation during 
future programs at the Site. 
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9 FUTURE SITE WORK 

Shell’s Remediation Program is anticipated to extend to 2019. Future activities planned for the Site 
include: 

 re-excavation and further treatment of partially treated soil in excavation zones 2 and 11 and 
portions of excavation zones 10, 13, and 14;  

 excavation between 0.6 and 1.0 m bgs in excavation zone 4 and soil treatment;  

 excavation of fifteen zones that were not excavated during 2016 remediation program at the 
Site; 

 monitor and sample groundwater monitoring wells on-site to understand the effectiveness of 
remediation activities and analyze groundwater quality trends; 

 assess the condition and spatial extent of the polyurethane foam layer including impacts on 
groundwater; and, 

 assess soil for impacts due to the polyurethane foam layer, including areas where the 
polyurethane foam layer is not present.  
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10 CLARIFICATIONS OF THIS REPORT 

This report was prepared by IEG Consultants Ltd. for the account of Shell Canada Energy. The material 
in it reflects IEG’s best judgment in light of the information available to it at the time of preparation. 
Any use which a third party makes of this report, or any reliance on or decisions to be made based on 
it, are the responsibility of such third parties. IEG Consultants Ltd. accepts no responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions based on this 
report. 

The report's findings are based on conditions that existed at the time of IEG Consultants Ltd.’s site 
visit and should not be relied upon to precisely represent conditions at any other time. The 
conclusions in the report are based on IEG Consultant Ltd.’s observation of existing site conditions 
and on limited soil sampling and chemical testing. The concentrations of contaminants measured may 
not be representative of conditions between locations sampled. Be aware that conditions may 
change with time. Conclusions about site conditions under no circumstances comprise a warranty 
that conditions in all areas within the site and beneath structures are of the same quality as those 
sampled. Note also that changes in environmental regulations and interpretations may occur at any 
time and such changes could affect the extent of remediation required. Any additional information 
about the site that becomes available should be provided to IEG Consultants Ltd. for review and 
modification of its recommendations as necessary. 

This report is an instrument of service of IEG Consultants Ltd. The report has been prepared for the 
exclusive use of Shell Canada Energy for the specific application to the Camp Farewell Remediation 
Program. The report’s contents may not be relied upon by any party other than Shell without the 
express written permission of IEG Consultants Ltd. In this report, IEG Consultants Ltd. has 
endeavoured to comply with generally-accepted professional practice common to the local area. IEG 
Consultants Ltd. makes no warranty, express or implied. 
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11 CLOSING 

If you have any questions or comments regarding the above information, please contact the 
undersigned in our Calgary office at (403) 730-6809. 

IEG CONSULTANTS LTD. 

 
Nicole Wills, P. Ag.  
Project Manager 
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Table 1: Confirmatory Soil Sample Analytical Results for Petroleum Hydrocarbons
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GUIDELINES

GNWT 2003 Residential/Parkland Surface (0-1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800
Excavation Zone

GS16-001 1.0 m bgs 2016-07-19 10 <0.005 0.62 <0.01 <0.05 <10 <10 16 10
GS16-002 1.0 m bgs 2016-07-19 150 <0.005 5.03 <0.01 <0.05 <10 <10 450 205
GS16-003 1.0 m bgs 2016-07-19 10 <0.005 0.28 <0.01 <0.05 <10 <10 27 12
GS16-004 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-005 1.0 m bgs 2016-07-19 5 <0.005 0.31 <0.01 <0.05 <10 <10 34 14
GS16-006 1.0 m bgs 2016-07-19 120 <0.005 <0.05 <0.01 <0.05 <10 <10 426 159
GS16-007 1.0 m bgs 2016-07-19 430 <0.005 0.32 <0.01 <0.05 <10 769 729 73
GS16-008 1.0 m bgs 2016-07-19 35 <0.005 1.33 <0.01 <0.05 <10 13 81 29
GS16-009 1.0 m bgs 2016-07-19 10 <0.005 0.19 <0.01 <0.05 <10 <10 11 <10
GS16-010 1.0 m bgs 2016-07-19 5 <0.005 0.27 <0.01 <0.05 <10 <10 14 <10
GS16-011 1.0 m bgs 2016-07-19 5 <0.005 0.14 <0.01 <0.05 <10 <10 25 18

Dup 1 1.0 m bgs 2016-07-19 10 <0.005 0.18 0.02 0.15 <10 14 77 18
GS16-012 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-013 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 11 <10
GS16-014 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-015 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 20 10
GS16-016 1.0 m bgs 2016-07-19 870 <0.005 <0.05 0.39 1.89 98 3060 2130 22
GS16-106 0.6 m bgs 2016-08-04 10 <0.005 0.78 <0.01 <0.05 <10 <10 95 35
GS16-107 0.6 m bgs 2016-08-04 10 <0.005 0.20 <0.01 <0.05 <10 94 115 45
GS16-108 0.6 m bgs 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 46 321 33
GS16-109 1.0 m bgs 2016-08-09 15 <0.005 0.66 <0.01 <0.05 <10 103 929 452
DUP - 10 1.0 m bgs 2016-08-09 50 <0.005 0.08 <0.01 <0.05 <10 335 523 63
GS16-110 1.0 m bgs 2016-08-09 180 <0.005 6.82 <0.01 0.15 <10 112 2710 1310
GS16-111 1.0 m bgs 2016-08-09 780 <0.005 2.51 0.96 4.15 22 2400 3000 580
GS16-112 1.0 m bgs 2016-08-09 110 <0.005 0.12 <0.01 <0.05 <10 55 492 280
GS16-113 1.0 m bgs 2016-08-09 10 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 40
GS16-114 1.0 m bgs 2016-08-09 15 <0.005 0.06 <0.01 <0.05 <10 32 59 70
GS16-115 1.0 m bgs 2016-08-09 240 <0.005 1.04 0.15 0.69 21 881 1350 469
GS16-116 1.0 m bgs 2016-08-09 210 0.444 5.26 1.11 6.22 73 621 1190 538
GS16-117 1.0 m bgs 2016-08-09 70 <0.005 0.18 <0.01 <0.05 <10 108 2350 <10
GS16-118 1.0 m bgs 2016-08-09 80 <0.005 1.49 <0.01 <0.05 <10 155 783 401
GS16-119 1.0 m bgs 2016-08-09 200 <0.005 2.02 <0.01 <0.05 <10 226 1260 664
GS16-120 1.0 m bgs 2016-08-09 90 0.471 2.36 0.56 2.51 11 242 550 176
GS16-121 0.6 m bgs 2016-08-04 580 <0.005 <0.05 0.08 1.31 160 2110 890 <10
GS16-122 0.6 m bgs 2016-08-04 240 0.021 <0.05 0.12 0.71 <10 164 496 208
GS16-123 0.6 m bgs 2016-08-04 80 0.023 <0.05 0.02 <0.05 10 157 185 84
GS16-124 0.6 m bgs 2016-08-04 65 0.015 0.13 0.21 1.29 110 890 242 17
GS16-125 0.6 m bgs 2016-08-04 670 0.015 0.48 0.21 2.33 220 1700 146 38
GS16-126 0.6 m bgs 2016-08-04 1300 0.405 20.2 6.16 46.3 1920 10400 955 152
GS16-127 0.6 m bgs 2016-08-04 410 0.073 1.86 0.42 3.92 470 2670 950 260
GS16-128 0.6 m bgs 2016-08-04 205 0.207 3.75 0.57 4.09 120 682 1020 467
GS16-095 0.6 m bgs 2016-08-04 10 <0.005 0.23 <0.01 <0.05 <10 <10 239 63
GS16-096 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 61 29
GS16-097 0.6 m bgs 2016-08-04 40 <0.005 <0.05 <0.01 <0.05 <10 <10 49 25
GS16-098 0.6 m bgs 2016-08-04 35 <0.005 0.25 <0.01 <0.05 <10 <10 247 92
DUP - 9 0.6 m bgs 2016-08-04 60 <0.005 0.24 <0.01 <0.05 <10 <10 774 525

GS16-099 0.6 m bgs 2016-08-04 40 <0.005 <0.05 <0.01 <0.05 <10 <10 91 45
GS16-100 0.6 m bgs 2016-08-04 10 <0.005 0.10 <0.01 <0.05 <10 <10 61 23
GS16-101 0.6 m bgs 2016-08-04 25 <0.005 0.42 <0.01 <0.05 <10 <10 255 105
GS16-102 0.6 m bgs 2016-08-04 35 <0.005 0.11 <0.01 <0.05 <10 <10 277 141
GS16-103 0.6 m bgs 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 <10 78 37
GS16-104 0.6 m bgs 2016-08-04 5 <0.005 0.10 <0.01 <0.05 <10 <10 75 22
GS16-105 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 74 38

Notes:
1. m bgs = metres below ground surface

2. Current and/or applicable guidelines are bolded
             (yellow highlight) = Exceeds applicable guidelines
3. View analytical report for more comprehensive results
4. Government of Northwest Territories (GNWT), 2003. Environmental Guideline for Contaminated Site Remediation. November 2003.
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ppm mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
GUIDELINES

GNWT 2003 Residential/Parkland Surface (0-1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800

Units

GENERAL

GS16-017 1.0 m bgs 2016-07-19 10 <0.005 0.81 <0.01 <0.05 <10 <10 73 32
GS16-018 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-019 1.0 m bgs 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 11 56 18
GS16-020 1.0 m bgs 2016-07-19 0 <0.005 <0.05 <0.01 <0.05 <10 <10 10 15
GS16-021 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 12 <10

Dup 2 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-022 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-023 1.0 m bgs 2016-07-19 5 <0.005 0.06 <0.01 <0.05 <10 <10 <10 <10
GS16-024 1.0 m bgs 2016-07-19 5 <0.005 0.08 <0.01 <0.05 <10 <10 <10 <10
GS16-025 1.0 m bgs 2016-07-19 5 <0.005 0.07 <0.01 <0.05 <10 <10 36 19
GS16-026 1.0 m bgs 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-027 1.0 m bgs 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-028 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10

Dup 3 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-029 1.0 m bgs 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-030 1.0 m bgs 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 <10 89 29
GS16-078 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 201 88
GS16-079 0.6 m bgs 2016-08-04 0 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-080 0.6 m bgs 2016-08-04 0 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
GS16-081 0.6 m bgs 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 90 139 35
GS16-082 0.6 m bgs 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 <10 31 14
GS16-083 0.6 m bgs 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 <10 95 42
GS16-084 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 57 <10
GS16-085 0.6 m bgs 2016-08-04 5 <0.005 0.26 <0.01 <0.05 <10 <10 62 13
GS16-086 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 66 14
DUP - 8 0.6 m bgs 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 <10 105 52

GS16-087 0.6 m bgs 2016-08-04 5 <0.005 0.07 <0.01 <0.05 <10 <10 92 40
GS16-088 0.6 m bgs 2016-08-04 10 <0.005 0.12 <0.01 <0.05 <10 <10 121 40
GS16-089 0.6 m bgs 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 <10 22 <10
GS16-090 0.6 m bgs 2016-08-04 5 <0.005 0.16 <0.01 <0.05 <10 <10 78 22
GS16-091 0.6 m bgs 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 <10 175 88
GS16-092 0.6 m bgs 2016-08-04 5 <0.005 0.09 <0.01 <0.05 <10 <10 30 15
GS16-093 0.6 m bgs 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 <10 82 26
GS16-094 0.6 m bgs 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10

Notes:
1. m bgs = metres below ground surface

2. Current and/or applicable guidelines are bolded
             (yellow highlight) = Exceeds applicable guidelines
3. View analytical report for more comprehensive results
4. Government of Northwest Territories (GNWT), 2003. Environmental Guideline for Contaminated Site Remediation. November 2003.
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Table 2: Windrow Soil Sample Analytical Results for Petroleum Hydrocarbons
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Location Sample Designation
Sample Depth
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mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
GUIDELINES

GNWT 2003 Residential/Parkland Surface (0-1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800
WINDROW

GS16-030 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 89 29
GS16-031 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 31 17
GS16-032 - 2016-07-19 10 <0.005 0.08 <0.01 <0.05 <10 18 162 72
GS16-033 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 14 166 80
GS16-034 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 26 77 32
GS16-035 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 20 68 32
GS16-036 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 47 28
GS16-037 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 19 73 27
GS16-038 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 126 219 23
GS16-039 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 134 243 30
GS16-040 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 13 68 38
GS16-041 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 12 109 29
GS16-042 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 47 105 21

Dup 4 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 36 98 <10
GS16-043 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 22 91 13
GS16-044 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 <10 34 15
GS16-045 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 116 184 45
GS16-046 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 10 35 15
GS16-047 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 36 63 32
GS16-048 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 42 24
GS16-049 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 30 24
GS16-050 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 11 41 18
GS16-051 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 <10 82 48
GS16-052 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 23 370 188
GS16-053 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 <10 48 24
GS16-054 - 2016-07-19 35 <0.005 <0.05 <0.01 <0.05 <10 172 316 44
GS16-055 - 2016-07-19 30 <0.005 <0.05 <0.01 <0.05 <10 <10 165 60

Dup 5 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 10 176 16
GS16-056 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 <10 47 26
GS16-057 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 <10 38 26
GS16-058 - 2016-07-19 20 <0.005 <0.05 <0.01 <0.05 <10 <10 112 77
GS16-073 - 2016-07-19 15 <0.005 <0.05 <0.01 <0.05 <10 42 82 16
GS16-074 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 25 40 12
GS16-075 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 23 45 11
GS16-076 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 14 34 <10
GS16-077 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 28 46 16

Dup 7 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 14 40 <10
GS16-067 - 2016-07-19 20 <0.005 <0.05 <0.01 <0.05 <10 778 535 46

 GS16-167 retest 067 - 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 919 718 35
GS16-231 retest 167 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 85 157 27

Dup-22 - 2016-08-18 10 <0.005 <0.05 <0.01 <0.05 <10 45 67 <10
GS16-068 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 10 118 59
GS16-069 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 14 98 53
GS16-070 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 14 57 26
GS16-071 - 2016-07-19 5 <0.005 <0.05 <0.01 <0.05 <10 24 68 28
GS16-072 - 2016-07-19 10 <0.005 <0.05 <0.01 <0.05 <10 11 64 22
 GS16-162 - 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 <10 81 37
Dup - 14 - 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 70 12

 GS16-163 - 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 <10 65 38
 GS16-164 - 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 10 144 72
 GS16-165 - 2016-08-04 5 <0.005 <0.05 <0.01 <0.05 <10 15 97 59
 GS16-166 - 2016-08-04 10 <0.005 <0.05 <0.01 <0.05 <10 <10 93 44

Dup 6 - 2016-07-21 10 <0.005 <0.05 <0.01 <0.05 <10 <10 43 <10
Notes:
1. m bgs = metres below ground surface

2. Current and/or applicable guidelines are bolded
             (yellow highlight) = Exceeds applicable guidelines
3. View analytical report for more comprehensive results
4. Government of Northwest Territories (GNWT), 2003. Environmental Guideline for Contaminated Site Remediation. November 2003.
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Location Sample Designation
Sample Depth
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(yyyy-mm-dd)

O
VA

 (F
ie

ld
 S

cr
ee

ni
ng

)

Be
nz

en
e

To
lu

en
e

Et
hy

lb
en

ze
ne

 

Xy
le

ne
s

F1 F2
 

F3
 

F4

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
GUIDELINES

GNWT 2003 Residential/Parkland Surface (0-1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800

GENERAL

Units

GS16-060 - 2016-07-21 5 <0.005 <0.05 <0.01 <0.05 <10 <10 11 <10
GS16-061 - 2016-07-21 180 <0.005 <0.05 <0.01 0.11 <10 1030 759 36
GS16-062 - 2016-07-21 5 <0.005 <0.05 <0.01 <0.05 <10 <10 234 423
GS16-063 - 2016-07-19 310 <0.005 <0.05 <0.01 <0.05 <10 1790 985 42
GS16-064 - 2016-07-19 510 <0.005 <0.05 0.02 0.2 15 3250 1690 38
GS16-065 - 2016-07-19 280 <0.005 <0.05 0.03 0.32 17 1750 684 39
GS16-066 - 2016-07-19 540 <0.005 <0.05 <0.01 <0.05 <10 1340 1120 46
 GS16-168 - 2016-08-09 615 <0.005 <0.05 <0.01 <0.05 <10 548 916 42
 GS16-169 - 2016-08-09 810 <0.005 <0.05 <0.01 0.36 <10 3040 1260 48
 GS16-170 - 2016-08-09 650 <0.005 <0.05 <0.01 0.38 <10 2970 1260 37
 GS16-171 - 2016-08-09 410 <0.005 <0.05 <0.01 <0.05 <10 2080 1160 47
 GS16-172 - 2016-08-09 380 <0.005 <0.05 <0.01 <0.05 <10 487 606 41
 GS16-173 - 2016-08-09 240 <0.005 <0.05 <0.01 <0.05 <10 226 304 25
GS16-234 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 46 176 41
GS16-235 - 2016-08-18 840 <0.005 <0.05 0.03 0.39 <10 2150 1070 25
GS16-236 - 2016-08-18 780 <0.005 <0.05 <0.01 0.36 <10 3100 1340 28
GS16-237 - 2016-08-18 610 <0.005 <0.05 <0.01 0.06 <10 1890 1100 30
GS16-238 - 2016-08-18 210 <0.005 <0.05 <0.01 <0.05 <10 340 399 19
GS16-239 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 <10 33 <10
 GS16-174 - 2106-08-09 20 <0.005 <0.05 <0.01 <0.05 <10 35 376 208
Dup - 15 - 2106-08-09 10 <0.005 <0.05 <0.01 <0.05 <10 18 261 128

 GS16-175 - 2106-08-09 65 <0.005 <0.05 <0.01 <0.05 <10 173 608 225
 GS16-176 - 2106-08-09 180 <0.005 <0.05 <0.01 <0.05 <10 656 703 66
 GS16-177 - 2106-08-09 65 <0.005 <0.05 <0.01 <0.05 <10 45 279 137
 GS16-178 - 2106-08-09 180 <0.005 <0.05 <0.01 <0.05 <10 35 495 240
 GS16-179 - 2106-08-09 195 <0.005 <0.05 <0.01 <0.05 <10 126 470 185
GS16-240 - 2016-08-18 220 <0.005 <0.05 <0.01 0.12 <10 719 442 23
GS16-241 - 2016-08-18 210 <0.005 <0.05 <0.01 <0.05 <10 668 649 35
GS16-242 - 2016-08-18 180 <0.005 <0.05 <0.01 <0.05 <10 322 531 78
GS16-243 - 2016-08-18 90 <0.005 <0.05 <0.01 <0.05 <10 81 350 116
GS16-244 - 2016-08-18 75 <0.005 0.06 <0.01 <0.05 <10 16 164 68
GS16-245 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 54 190 67
 GS16-180 - 2106-08-09 185 <0.005 <0.05 <0.01 <0.05 <10 22 438 240
 retest 180 - 2016-08-18 75 <0.005 <0.05 <0.01 <0.05 <10 13 297 145
 GS16-182 - 2106-08-09 40 <0.005 <0.05 <0.01 <0.05 <10 17 272 132
 GS16-183 - 2106-08-09 35 <0.005 <0.05 <0.01 <0.05 <10 16 245 119
 GS16-184 - 2106-08-09 15 <0.005 <0.05 <0.01 <0.05 <10 13 187 88
 GS16-185 - 2106-08-09 135 <0.005 <0.05 <0.01 <0.05 <10 242 526 140
 Retest 185 - 2016-08-18 110 <0.005 0.05 <0.01 <0.05 <10 213 373 97
 GS16-181 - 2106-08-09 15 <0.005 <0.05 <0.01 <0.05 <10 19 304 146
GS16-144 - 2016-08-04 230 <0.005 0.17 <0.01 <0.05 <10 94 558 282
GS16-145 - 2016-08-04 165 <0.005 <0.05 <0.01 <0.05 <10 32 537 354
GS16-146 - 2016-08-04 165 <0.005 0.08 <0.01 <0.05 <10 47 479 322
GS16-147 - 2016-08-04 245 <0.005 0.08 <0.01 <0.05 <10 32 741 466
GS16-148 - 2016-08-04 230 <0.005 <0.05 <0.01 <0.05 <10 148 534 339
GS16-149 - 2016-08-04 310 <0.005 0.08 <0.01 <0.05 <10 317 1000 440
GS16-150 - 2016-08-04 485 <0.005 <0.05 0.01 0.19 50 1880 1960 162
GS16-136 - 2016-08-04 460 <0.005 0.13 0.01 0.09 60 1640 2040 542
GS16-137 - 2016-08-04 310 <0.005 0.06 <0.01 <0.05 <10 229 665 275
GS16-138 - 2016-08-04 580 <0.005 0.12 <0.01 <0.05 <10 331 1470 776
GS16-139 - 2016-08-04 275 <0.005 0.13 <0.01 <0.05 <10 228 820 436
GS16-140 - 2016-08-04 980 <0.005 0.07 0.03 0.42 130 3430 2610 284
GS16-141 - 2016-08-04 870 <0.005 0.23 <0.01 <0.05 20 1380 2420 644
GS16-142 - 2016-08-04 660 <0.005 <0.05 <0.01 <0.05 10 1330 1860 192
GS16-143 - 2016-08-04 610 0.009 3.83 0.11 0.51 10 344 564 153
GS16-129 - 2016-08-04 945 <0.005 <0.05 0.01 0.67 110 2120 1200 50
GS16-130 - 2016-08-04 700 <0.005 <0.05 <0.01 <0.05 50 1240 1160 46
GS16-131 - 2016-08-04 740 <0.005 <0.05 <0.01 0.06 50 1700 1520 102
GS16-132 - 2016-08-04 680 <0.005 <0.05 <0.01 0.16 40 1360 1420 55
GS16-133 - 2016-08-04 830 <0.005 <0.05 <0.01 <0.05 60 2780 2120 125
GS16-134 - 2016-08-04 540 <0.005 <0.05 0.04 0.48 110 1600 1120 62
GS16-135 - 2016-08-04 15 <0.005 <0.05 <0.01 <0.05 <10 19 79 22
GS16-270 - 2016-08-18 690 0.01 <0.05 0.02 0.22 26 2470 1290 52

Dup-24 - 2016-08-18 710 <0.005 <0.05 0.02 0.88 21 2540 1460 63
GS16-271 - 2016-08-18 585 <0.005 <0.05 <0.01 0.05 <10 1380 1360 69
GS16-272 - 2016-08-18 490 <0.005 <0.05 <0.01 0.1 <10 1230 1010 57
GS16-273 - 2016-08-18 665 <0.005 <0.05 0.03 0.4 <10 2350 1700 94
GS16-274 - 2016-08-18 620 <0.005 0.05 0.01 0.76 10 2080 1340 72
GS16-275 - 2016-08-18 65 <0.005 <0.05 <0.01 <0.05 <10 95 130 35

Notes:
1. m bgs = metres below ground surface

2. Current and/or applicable guidelines are bolded
             (yellow highlight) = Exceeds applicable guidelines
3. View analytical report for more comprehensive results
4. Government of Northwest Territories (GNWT), 2003. Environmental Guideline for Contaminated Site Remediation. November 2003.
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GUIDELINES

GNWT 2003 Residential/Parkland Surface (0-1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800

GENERAL

Units

 GS16-186 2016-08-09 210 <0.005 0.17 0.02 0.06 <10 330 180 67
Dup - 16 - 2016-08-09 150 <0.005 0.1 0.02 0.06 17 348 185 60

 GS16-187 - 2016-08-09 85 <0.005 0.24 <0.01 <0.05 <10 262 280 108
 GS16-188 - 2016-08-09 25 <0.005 <0.05 <0.01 <0.05 <10 61 140 71
 GS16-189 - 2016-08-09 15 <0.005 <0.05 <0.01 <0.05 <10 <10 38 33
 GS16-190 - 2016-08-09 110 0.042 1.05 0.09 0.47 <10 463 300 96
 GS16-191 - 2016-08-09 85 <0.005 0.3 0.07 0.3 <10 221 111 45
GS16-258 - 2016-08-18 70 <0.005 <0.05 <0.01 0.06 <10 184 77 19
GS16-259 - 2016-08-18 40 <0.005 0.15 <0.01 0.08 <10 150 99 19
GS16-260 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 11 31 <10
GS16-261 - 2016-08-18 35 <0.005 <0.05 <0.01 <0.05 <10 129 112 26
GS16-262 - 2016-08-18 40 <0.005 0.1 0.04 0.16 <10 172 168 44
GS16-263 - 2016-08-18 35 <0.005 0.11 <0.01 0.11 <10 168 150 41
 GS16-192 - 2016-08-09 60 <0.005 <0.05 <0.01 <0.05 <10 252 137 28
 GS16-193 - 2016-08-09 45 <0.005 0.25 0.06 0.29 <10 102 130 54
 GS16-194 - 2016-08-09 35 <0.005 0.32 <0.01 <0.05 <10 19 147 52
 GS16-195 - 2016-08-09 15 <0.005 <0.05 <0.01 <0.05 <10 12 107 131
 GS16-196 - 2016-08-09 15 <0.005 <0.05 <0.01 <0.05 <10 16 67 41
 GS16-197 - 2016-08-09 10 <0.005 <0.05 <0.01 <0.05 <10 <10 45 36
GS16-198 - 2016-08-10 10 <0.005 <0.05 <0.01 <0.05 <10 64 93 41
Dup - 17 - 2016-08-10 15 <0.005 <0.05 <0.01 <0.05 <10 20 65 10

GS16-199 - 2016-08-10 75 <0.005 <0.05 0.06 0.57 <10 199 125 26
GS16-200 - 2016-08-10 110 <0.005 <0.05 <0.01 0.18 <10 221 119 32
GS16-201 - 2016-08-10 310 <0.005 0.2 0.13 0.83 <10 1660 212 33
GS16-202 - 2016-08-10 260 0.042 0.56 0.13 0.85 <10 984 138 33
GS16-203 - 2016-08-10 200 <0.005 <0.05 <0.01 <0.05 <10 738 232 44
 GS16-204 - 2016-08-10 180 <0.005 <0.05 <0.01 <0.05 <10 118 163 34
 GS16-205 - 2016-08-10 25 <0.005 <0.05 <0.01 <0.05 <10 <10 37 18
 GS16-206 - 2016-08-10 540 <0.005 <0.05 <0.01 <0.05 <10 875 490 32
 GS16-207 - 2016-08-10 880 <0.005 <0.05 <0.01 <0.05 <10 2120 1060 60
 GS16-208 - 2016-08-10 940 <0.005 <0.05 <0.01 <0.05 <10 2880 1020 49
 GS16-209 - 2016-08-10 680 <0.005 <0.05 <0.01 <0.05 <10 507 129 35
GS16-252 - 2016-08-18 420 <0.005 <0.05 <0.01 0.06 <10 611 209 50
GS16-253 - 2016-08-18 415 <0.005 <0.05 0.03 0.21 <10 641 259 14
GS16-254 - 2016-08-18 590 0.009 <0.05 0.01 0.23 <10 2180 1120 37
GS16-255 - 2016-08-18 380 <0.005 <0.05 <0.01 <0.05 <10 502 203 <10
GS16-256 - 2016-08-18 375 <0.005 <0.05 <0.01 0.17 <10 428 352 25
GS16-257 - 2016-08-18 35 <0.005 <0.05 <0.01 <0.05 <10 41 69 11
 GS16-210 - 2016-08-11 10 <0.005 <0.05 <0.01 <0.05 <10 <10 40 22
Dup - 18 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 <10 64 33

 GS16-211 - 2016-08-11 5 <0.005 <0.05 <0.01 <0.05 <10 <10 24 <10
 GS16-212 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 11 58 20
 GS16-213 - 2016-08-11 10 <0.005 <0.05 <0.01 <0.05 <10 <10 32 13
 GS16-214 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 14 33 10
 GS16-215 - 2016-08-11 5 <0.005 <0.05 <0.01 <0.05 <10 <10 21 <10
 GS16-216 - 2016-08-11 25 <0.005 <0.05 <0.01 <0.05 <10 <10 50 16
 GS16-217 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 12 40 15
 GS16-218 - 2016-08-11 10 <0.005 <0.05 <0.01 <0.05 <10 <10 25 <10
 GS16-219 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 <10 43 15
 GS16-220 - 2016-08-11 670 <0.005 <0.05 <0.01 <0.05 <10 1070 426 28

GS16-265 retest 220 - 2016-08-18 15 <0.005 <0.05 <0.01 <0.05 <10 <10 39 16
 GS16-221 - 2016-08-11 10 <0.005 <0.05 <0.01 <0.05 <10 <10 24 <10
 GS16-222 - 2016-08-11 20 <0.005 <0.05 <0.01 <0.05 <10 43 111 42
Dup - 20 - 2016-08-11 25 <0.005 <0.05 <0.01 <0.05 <10 48 143 28

 GS16-223 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 12 69 54
 GS16-224 - 2016-08-11 10 <0.005 <0.05 <0.01 <0.05 <10 <10 43 32
 GS16-225 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 <10 46 43
 GS16-226 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 20 87 40
 GS16-227 - 2016-08-11 15 <0.005 <0.05 <0.01 <0.05 <10 <10 102 31
 GS16-228 - 2016-08-11 560 <0.005 0.28 <0.01 0.05 <10 381 828 239
 GS16-229 - 2016-08-11 320 <0.005 0.08 <0.01 <0.05 <10 37 616 312
 GS16-230 - 2016-08-11 220 <0.005 0.16 <0.01 <0.05 <10 28 499 272
Dup - 21 - 2016-08-11 580 <0.005 0.07 <0.01 <0.05 <10 711 1210 275

GS16-266 - 2016-08-18 580 <0.005 <0.05 <0.01 <0.05 <10 441 795 161
Dup-23 - 2016-08-18 320 <0.005 0.05 <0.01 <0.05 <10 262 427 73

GS16-267 - 2016-08-18 40 <0.005 0.1 <0.01 <0.05 <10 43 246 79
GS16-268 - 2016-08-18 25 <0.005 <0.05 <0.01 <0.05 <10 <10 176 68
GS16-269 - 2016-08-18 60 <0.005 0.09 <0.01 <0.05 <10 29 408 213

Notes:
1. m bgs = metres below ground surface

2. Current and/or applicable guidelines are bolded
             (yellow highlight) = Exceeds applicable guidelines
3. View analytical report for more comprehensive results
4. Government of Northwest Territories (GNWT), 2003. Environmental Guideline for Contaminated Site Remediation. November 2003.

Windrow 19

Windrow 13

Windrow 14

Windrow 15

Windrow 16

Windrow 17

Windrow 18

Windrow 12
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Table 3: Summary of Quality Assurance / Quality Control Results for Petroleum Hydrocarbons
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Sample 
Designation

Sample 
Depth

(m bgs)

Sample Date
(yyyy-mm-dd)

Be
nz

en
e

To
lu

en
e

Et
hy

lb
en

ze
ne

 

Xy
le

ne
s

F1 F2
 

F3
 

F4

Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

0.005 0.0003 0.01 0.005 10 10 10 10

GS16-011 1.0 m bgs 2016-07-19 <0.005 0.14 <0.01 <0.05 <10 <10 25 18
Dup 1 1.0 m bgs 2016-07-19 <0.005 0.18 0.02 0.15 <10 14 77 18

0% 0% 0% 0% 0% 95% 102% 0%
0 0 0 0 0 9 52 0

GS16-021 1.0 m bgs 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 <10 12 <10
Dup 2 1.0 m bgs 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10

0% 0% 0% 0% 0% 0% 82% 0%
0 0 0 0 0 0 7 0

GS16-028 1.0 m bgs 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10
Dup 3 1.0 m bgs 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 <10 <10 <10

0% 0% 0% 0% 0% 0% 0% 0%
0 0 0 0 0 0 0 0

GS16-042 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 47 105 21
Dup 4 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 36 98 <10

0% 0% 0% 0% 0% 0% 7% 123%
0 0 0 0 0 11 7 16

GS16-055 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 <10 165 60
Dup 5 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 10 176 16

0% 0% 0% 0% 0% 0% 6% 116%
0 0 0 0 0 0 11 44

GS16-072 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 11 64 22
Dup 6 - 2016-07-21 <0.005 <0.05 <0.01 <0.05 <10 <10 43 <10

0% 0% 0% 0% 0% 75% 39% 126%
0 0 0 0 0 6 21 17

GS16-077 - 2016-07-19 <0.005 <0.05 <0.01 <0.05 <10 28 46 16
Dup 7 - 2016-07-21 <0.005 <0.05 <0.01 <0.05 <10 14 40 <10

0% 0% 0% 0% 0% 0% 14% 105%
0 0 0 0 0 0 6 11

GS16-086 0.6 m bgs 2016-08-04 <0.005 <0.05 <0.01 <0.05 <10 <10 66 14
DUP - 8 0.6 m bgs 2016-08-04 <0.005 <0.05 <0.01 <0.05 <10 <10 105 52

0% 0% 0% 0% 0% 0% 46% 95%
0 0 0 0 0 0 39 38

GS16-098 0.6 m bgs 2016-08-04 <0.005 0.25 <0.01 <0.05 <10 <10 247 92
DUP - 9 0.6 m bgs 2016-08-04 <0.005 0.24 <0.01 <0.05 <10 <10 774 525

0% 0% 0% 0% 0% 0% 103% 140%
0 0 0 0 0 0 527 433

GS16-109 1.0 m bgs 2016-08-09 <0.005 0.66 <0.01 <0.05 <10 103 929 452
DUP - 10 1.0 m bgs 2016-08-09 <0.005 0.08 <0.01 <0.05 <10 335 523 63

0% 0% 0% 0% 0% 0% 56% 151%
0 0 0 0 0 0 406 389

 GS16-162 - 2016-08-04 <0.005 <0.05 <0.01 <0.05 <10 <10 81 37
Dup - 14 - 2016-08-04 <0.005 <0.05 <0.01 <0.05 <10 <10 70 12

0% 0% 0% 0% 0% 0% 15% 131%
0 0 0 0 0 0 11 25

 GS16-174 - 2106-08-09 <0.005 <0.05 <0.01 <0.05 <10 35 376 208
Dup - 15 - 2106-08-09 <0.005 <0.05 <0.01 <0.05 <10 18 261 128

0% 0% 0% 0% 0% 0% 36% 48%
0 0 0 0 0 0 115 80

 GS16-186 - 2019-08-09 <0.005 0.17 0.02 0.06 <10 330 180 67
Dup - 16 - 2019-08-09 <0.005 0.1 0.02 0.06 17 348 185 60

0% 0% 0% 0% 0% 5% 3% 11%
0 0 0 0 0 18 5 7

GS16-198 - 2016-08-10 <0.005 <0.05 <0.01 <0.05 <10 64 93 41
Dup - 17 - 2016-08-10 <0.005 <0.05 <0.01 <0.05 <10 20 65 10

0% 0% 0% 0% 0% 105% 35% 122%
0 0 0 0 0 44 28 31

 GS16-210 - 2016-08-11 <0.005 <0.05 <0.01 <0.05 <10 <10 40 22
Dup - 18 - 2016-08-11 <0.005 <0.05 <0.01 <0.05 <10 <10 64 33

0% 0% 0% 0% 0% 0% 46% 40%
0 0 0 0 0 0 24 11

 GS16-222 - 2016-08-11 <0.005 <0.05 <0.01 <0.05 <10 43 111 42
Dup - 20 - 2016-08-11 <0.005 <0.05 <0.01 <0.05 <10 48 143 28

0% 0% 0% 0% 0% 0% 25% 40%
0 0 0 0 0 0 32 14

 GS16-230 - 2016-08-11 <0.005 0.16 <0.01 <0.05 <10 28 499 272
Dup - 21 - 2016-08-11 <0.005 0.07 <0.01 <0.05 <10 711 1210 275

0% 0% 0% 0% 0% 185% 83% 1%
0 0 0 0 0 683 711 3

GS16-231 - 2016-08-18 <0.005 <0.05 <0.01 <0.05 <10 85 157 27
Dup-22 - 2016-08-18 <0.005 <0.05 <0.01 <0.05 <10 45 67 <10

0% 0% 0% 0% 0% 62% 80% 138%
0 0 0 0 0 40 90 22

GS16-266 - 2016-08-18 <0.005 <0.05 <0.01 <0.05 <10 441 795 161
Dup-23 - 2016-08-18 <0.005 0.05 <0.01 <0.05 <10 262 427 73

0% 0% 0% 0% 0% 51% 60% 75%
0 0 0 0 0 179 368 88

GS16-270 - 2016-08-18 0.01 <0.05 0.02 0.22 26 2470 1290 52
Dup-24 - 2016-08-18 <0.005 <0.05 0.02 0.88 21 2540 1460 63

0% 0% 0% 0% 0% 3% 12% 19%
0 0 0 0 0 70 170 11

Notes: 
1. Applicable values (RPD or AD) are bolded.  RPD is applicable if parameter concentrations in both samples are greater than or equal to 5x the detection limit; otherwise AD is applicable.
2.            (yellow highlight) =  Exceeds Zeiner criteria (RPD must be less than or equal to 20%, or AD is greater than method detection limit).
3. View analytical report for more comprehensive results

GENERAL PETROLEUM HYDROCARBONS

Method Detection Limits

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)

Absolute Difference

Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
Absolute Difference

Relative Percent Difference (RPD) (%)
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Appendix I 
 Camp Farwell Annual Reports 

I-1 PREVIOUS ENVIRONMENTAL SITE ASSESSMENT PROGRAMS 

I-1.1.1 2000 

In 2000, Golder and Associates (Golder) conducted a baseline environmental assessment of the Site 
and Geco-Prakla, a division of Schlumberger Canada, conducted a baseline assessment prior to 
sub-leasing a portion of the Site from Shell. The area of the sub-lease included the main camp 
accommodations, associated accommodation trailers, the lagoon area and the area south of the 
storage crates and racks (including Shed #1), and extended to the east of the lease (Worley 
Parsons, 2011). 

I-1.1.2 2001 

Phase I and Phase II Environmental Site Assessments (ESAs) were conducted by Komex in 2001. 
Analyzed parameters reported to exceed applicable guidelines which included: total petroleum 
hydrocarbons (TPHs), polycyclic aromatic hydrocarbons (PAHs), and selected trace metals within (and 
down gradient of) the burn pit; xylenes and TPHs in the area of the tank farm and the area of the 
historical tank release; TPHs and barium concentrations from surface stained areas and throughout 
the gravel base pad; and electrical conductivity (EC) and pH on the base pad where mud additives 
were reportedly stored. 

In addition, two background samples were collected from locations located to the northeast of the 
Site; one situated in native tundra (organic soil) and the second located on the gravel airstrip (mineral 
soil). Salinity parameters, including EC (180 to 360 uS/cm), pH (6.3 to 8.0) and sodium adsorption 
ratio (SAR) (0.9 to 1.1) were reported within the applicable guidelines for residential/parkland and 
industrial land uses for both locations. Concentrations of metals parameters were reported below 
applicable guidelines (WorleyParsons Komex, 2006). 

Following the ESAs conducted in 2001, Komex submitted an Interim Abandonment and Restoration 
Plan to the NWTWB (Komex, 2002). 

I-1.1.3 2006 

A more detailed Phase II ESA was conducted by WorleyParsons Komex in 2006. The purpose of the 
additional Phase II ESA was to further delineate previously identified soil impacts and to identify 
potential groundwater impacts. 

Two background soil and groundwater sample locations were established and tested to the northeast 
of the Site, in areas not likely to have been affected by historical operations. Background soil 
locations were advance to 0.4 m bgs, to the depth of permafrost. Findings for the background soil and 
groundwater locations indicated concentrations of hydrocarbons which were attributed to naturally 
occurring organic material. Salinity parameters EC, pH, and SAR were reported at 251 uS/cm, 6.7, and 
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0.6, respectively, within and/or below applicable guidelines (WorleyParsons Komex, 2006). Metals 
parameters were not analyzed. 

Hydrocarbon impacts were identified in the vicinity of the burn pit, tank farm, above ground fuel 
storage tanks, and across the gravel pad including the perimeter. Salinity and barium impacts were 
identified on the gravel pad (WorleyParsons Komex, 2006). 

I-1.1.4 2008 

WorleyParsons submitted a second Interim Abandonment and Restoration Plan in 2008 following the 
2006 Phase II. A summary of the 2006 results were included as well as specific Progressive 
Reclamation Plans to be conducted in 2009 and 2010 (WorleyParsons, 2008). 

I-1.1.5 2010 

WorleyParsons submitted an updated Interim Abandonment and Restoration Program Report that 
described the activities that were conducted in 2008 and 2009 (WorleyParsons, 2010). 

IEG also summarized the 2008 and 2009 Site activities in the 2009 Camp Farewell Hydrocarbon 
Impacted Soil Remediation Report (IEG, 2010). The 2006 Phase II ESA results were summarized, and 
the remediation activities were described in detail, including the sampling schedule and results. 

I-1.1.6 2012 

IEG conducted required Site inspections and collected water samples from the lagoon. Site 
inspections indicated no sign of spills, leaks, and animal or human activity on the Site. Laboratory 
analytical results for water samples reported values below applicable guidelines and lagoon water 
was subsequently discharged to the Mackenzie River in accordance with licence number N7L1-1762 
(IEG 2012b, IEG 2013a, and IEG 2013b). 

I-1.1.7 2013 

In 2013, IEG conducted a remediation program at the former lagoon at Camp Farewell. The lagoon 
excavation was located on the west side of the camp building with the Mackenzie River bordering the 
south and east sides. The dimensions of the excavation were approximately 52 m by 34 m. The 
maximum depth of the excavation was approximately 7.5 m. Prior to remedial activities, the lagoon 
had a depth of approximately 2.5 m. Domestic waste debris was observed in the excavated material, 
including metal cans, fragments, and plastic debris. Water supply facilities and sewage treatment 
facilities were also decommissioned and removed during the 2013 Remediation Program. 

A total of 96 soil samples were collected from the lagoon excavation: 25 interim soil samples and 71 
confirmatory soil samples. 

Petroleum hydrocarbon (PHC) affected soil resulting from previous operations was effectively 
removed from the lagoon area during the 2013 Remediation Program based on laboratory analytical 
data. Approximately 1,900 m3 of excavated soil was barged to Hay River and hauled to and disposed 
at the Tervita Rainbow Lake Landfill in Rainbow Lake, AB. The last load of the barged impacted soil 



Shell Canada Energy 
Camp Farewell  

Remediation Program, Annual Report 2016 - 
Amended 

 

171221R CF Annual Report.docx 

 

Page I-3  
A04012A08 December 2017 
 

arrived at the landfill on October 16, 2013. Approximately 100 m3 remained on-site in a secured metal 
shed, to be barged to the landfill during 2014 decommissioning activities (IEG, 2014). 

I-1.1.8 2014 

Decommissioning activities occurred from August 6, 2014 to September 18, 2014. During the 2014 
Decommissioning Program, infrastructure was decommissioned and removed along with 
miscellaneous materials on-site, minor investigative soil sampling was conducted, and remaining 
waste from the 2013 Remediation Program was packaged and removed.  

Shed #2, Shed #3, and the camp building were disassembled. Materials that could be recycled such as 
metals were separated from the debris and waste material, for shipment to appropriate facilities. 
Other materials stored on-site including rig mats, piping, hoses, wooden crates, and miscellaneous 
parts were also removed. Materials removed were transported off-site via barge. 

Approximately 18 m3 of remaining waste soil from the 2013 remediation program was packed into 
soil bags or wooden crates provided by Tervita. Each soil bag and wooden crate contained 
approximately 1 m3 of impacted soil. 

On August 14, 2014, two composite soil samples were collected from the dirt floor of Shed #1 to 
assess for contaminants. The dirt floor of Shed #1 was compacted and the sampling device could only 
penetrate to a depth of approximately 0.1 m bgs. Measured concentrations of EC, SAR, sodium, and 
chloride were reported above background conditions in the two composite soil samples collected. 
The concentration of total barium and PHC parameter F3 exceeded the applicable guidelines in both 
composite samples. The concentration of PHC parameter F2 exceeded the applicable guideline in one 
composite sample.  

I-1.1.9 2015 

Site activities included removal of the tank farm, identification and removal of buried material, and 
assessing subsurface conditions. The conclusions and key findings of Site activities were as follows:  

 The tank farm was decommissioned and removed during August 2015.  Metal from the tank 
farm was compressed and packaged for removal via barge; 

 The EM (electromagnetic) survey identified 15 subsurface anomalies which were investigated. 
Uncovered debris was removed. Two areas of elevated conductivity were identified on the 
northern half of the Site and to the west of the former tank farm, respectively;  

 IEG Site assessment activities included installation of 124 boreholes and collection of 
groundwater samples from the existing piezometers on-site; 

 Background soil and groundwater guidelines were established for the Site. Reported 
parameter concentrations for background soil samples were below the method detection 
limit and/or Government of Northwest Territories (GNWT) guideline for each parameter 
analyzed in 2015. 
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 pH values were reported below the guideline range in 56 samples collected from various 
locations across the extent of the Site. pH values reported for background samples were 
within the guideline range.  

 Electrical conductivity (EC) values above the GNWT guideline were observed in three samples 
collected from one borehole at the airstrip. Remaining analyzed samples had reported EC 
values below the GNWT guideline. 

 True total barium concentrations were reported above the Alberta Environment (AENV) 
guideline in three samples collected from one borehole in the burn pit area, one borehole 
inside shed #1, and one borehole in the laydown/storage area. 

 Concentrations of benzene exceeded the GNWT guideline in eight soil samples collected from 
eight boreholes in the tank farm area. 

 Concentrations of toluene exceeded the GNWT guideline in 65 soil samples collected from 
three boreholes in the Shed #1 area, 29 boreholes in the tank farm area, three boreholes at 
the airstrip, 16 boreholes in the laydown/storage area, and one borehole in the camp area. 

 Concentrations of ethylbenzene exceeded the GNWT guideline in nine samples collected from 
two boreholes in the burn pit area, one borehole in the laydown/storage area, and five 
boreholes in the tank farm area. 

 Concentrations of xylenes exceeded the GNWT guideline in 28 samples collected from three 
boreholes in the laydown/storage area, four boreholes in the burn pit area, and 13 boreholes 
in the tank farm area. 

 Concentrations of petroleum hydrocarbon (PHC) fraction F1 exceeded the GNWT guideline in 
16 samples collected from one borehole in the laydown/storage area, two boreholes in the 
burn pit area, and eight boreholes in the tank farm area. 

 Concentrations of PHC fraction F2 exceeded the GNWT guideline in 44 samples collected from 
three boreholes in the Shed #1 area, seven boreholes in the laydown/storage area, four 
boreholes in the burn pit area, and 18 boreholes in the tank farm area. 

 Concentrations of PHC fraction F3 exceeded the GNWT guideline in 83 samples collected from 
four boreholes in the shed #1 area, five boreholes at the airstrip, 23 boreholes in the 
laydown/storage area, two boreholes in the camp area, four boreholes in the burn pit area, 30 
boreholes in the tank farm area, and two boreholes in the tundra area. 

 Concentrations of PHC fraction F4 exceeded the GNWT guideline in one sample collected from 
the burn pit area. 

 Groundwater samples collected from two piezometers contained concentrations of total 
dissolved solids (TDS) that exceeded the GNWT guidelines. Groundwater samples collected 
from four piezometers contained concentrations of aluminum, cadmium, copper, iron, and 
selenium that exceeded the GNWT guidelines. One groundwater sample contained 
concentrations of naphthalene that exceeded the GNWT guideline. 
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APPENDIX II 
Permits and Licenses 
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APPENDIX III 
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Photograph 1: View south of barge camp secured to bollard on shore (July 14, 2016). 

 
Photograph 2: View northwest of Zone 2 excavation (August 29, 2016). 
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Photograph 3: Impacted soil windrowed and being treated with an Allu bucket 

(August 6, 2016). 

 
Photograph 4: View northeast of excavated area being backfilled with treated soil 

(August 5, 2016). 
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Photograph 5: View south of shed #1 building in good condition and soil bags prepared for 

removal off-site (August 19, 2016). 
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Summary  
Camp Farewell is a former oil exploration and staging camp located on the main channel of the 
Mackenzie River Delta. Remediation of the site is currently underway; a qualitative, screening level risk 
assessment was performed to evaluate risks of leaving contaminants in place at greater than 1.0 m below 
ground surface.   

The camp is located in an arctic geoclimatic zone with permafrost underlying the site and frozen 
conditions / snow cover for a significant portion of the year.  It is situated at the southernmost end of 
the Kendall Island Migratory Bird Sanctuary.  No known SARA listed species frequent the site area, 
however, many species of waterfowl and shorebirds use the sanctuary for breeding and nesting.  Arctic 
herbivores and carnivores are common in the Mackenzie Delta, as are raptor species. Vegetation is 
typically low willow scrub, shrubs, arctic grasses and sedges, and lichen.   

Groundwater is unlikely to be used as a source for drinking water due to the shallow permafrost, freeze-
thaw cycles, and other nearby sources of freshwater. Also, the lease area is greater than 10 m away from 
the Mackenzie River and at least 100 m from the nearest wetland. Together these observations rule out 
groundwater as a significant exposure pathway for human or ecological receptors.  

The remediation efforts currently underway aim to remove the top 1.0 m of soil from the contaminated 
areas of the site, followed by on-site treatment. This risk evaluation assumes surface soil will meet 
relevant GNWT guidelines; therefore, it is based on contaminants remaining in soil deeper than 1.0 m.   

Our screening level risk assessment of the post-remediation scenario at Camp Farewell resulted in 
elimination of the following exposure pathways: groundwater to drinking water; groundwater to 
freshwater aquatic life; direct soil contact or ingestion; and indoor vapour transport. The majority of 
GNWT de minimis guidelines are based on protection of groundwater for drinking water or 
groundwater for freshwater aquatic life.  These pathways were eliminated based on the shallow soil 
active zone where any groundwater would freeze annually, the permafrost barrier near 1.5 m, the 
distance to surface water bodies, and the remediation of surface soil to GNWT guidelines.   

VOCs and barium (the only metal that exceeded a guideline) may also be ruled out as contaminants of 
concern in the subsoil because of elimination of the groundwater to drinking water and groundwater to 
freshwater aquatic life pathways.  Concentrations of the VOCs and barium are well below thresholds for 
ecological direct contact.  

For PHCs in subsoil, the remaining potential exposure pathway is ecological direct contact, after 
accounting for depth and associated mechanisms of contaminant transport.  Maximum F2 and F3 in the 
tank farm area exceeded the GNWT subsoil eco contact guidelines – however, less than 4% of the 2015-
2016 tank farm area samples exceeded these values.  Leaving these higher concentrations of 
contaminants in place is expected to result in very low risks of exposures to F2 or F3 that could result in 
adverse effects for any ecological receptors.  Additionally, further excavation is more likely to affect the 
integrity of the permafrost across the site. GPRA recommends leaving the remaining PHCs in the 
ground in the Tank Farm area.  Remaining contaminants in all other areas are expected to contribute 
negligible exposures to terrestrial ecological receptors and people accessing the site for recreational 
purposes.  
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Introduction 
Camp Farewell was used as an accommodation, storage, and staging site as part of the Shell Mackenzie 
Delta Drilling Program from 1971 until about 1994. Details of the site history are available in other 
reports 1. Its location has a number of physical and temperate characteristics that require further 
consideration for the best approach to remediation. These include vegetation species, root zones, and soil 
organisms; wildlife receptors; human receptors and the most-likely human use scenarios. Each of these 
will be covered in the Problem Formulation, which is essentially a screening level risk assessment.  

Surface soil across the contaminated areas of the site has been removed to a depth of 1.0 m. The 
following screening level risk assessment will evaluate future exposure pathways with the assumption 
that the removed soil will be put back in place following on-site remediation, and that contaminant 
concentrations will meet appropriate guidelines in this soil.  

Scope 

GatePost Risk Analysis (GPRA) was engaged by IEG Consultants Ltd to provide a risk assessment of 
the Camp Farewell site, with a goal of providing direction to IEG and their client on remediation 
activities.  This assessment is a qualitative, screening level risk assessment, focused on site-appropriate 
exposure pathway elimination. No site-specific target levels are calculated in this assessment.  Rather, 
we will evaluate the site characteristics of Camp Farewell against existing guidelines using a risk 
assessment approach, and apply protective contaminant concentration limits from existing sources that 
are most appropriate for the site.  If site-specific target levels for Camp Farewell are required, GPRA 
will proceed with quantitative modeling and calculations to derive target levels as a second phase of this 
project.  

Assumptions 

GPRA is undertaking this risk assessment and associated recommendations with the following 
assumptions:  

• Site chemistry data are used as received from IEG. 

• Site data such as sample depths, locations, and categorization of samples with regard to areas of 
former use (e.g. tank farm, burn pit, etc) are used as denoted in data files received from IEG. 

• Contaminated soil excavated from site areas will be treated on-site to achieve GNWT surface 
soil guidelines, put back into excavated areas, and graded for effective surface water drainage.  

Site Setting 

The site is on the main channel of the Mackenzie River Delta, approximately 100 km NW of Inuvik. It is 
a remote area, accessible by air, by water in the summer, or winter road on the river depending on ice 

                                                      

1 IEG Consultants Ltd 2015. Shell Canada Energy, Camp Farewell 2015 Decommissioning and Soil Assessment Program: Section 3.  
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conditions. For guideline purposes, the regional land use would be considered residential/parkland as it 
will be reclaimed to a natural state.   

The area is at the southern-most portion of the Kendall Island Migratory Bird Sanctuary2, which was 
established by the Canadian Wildlife Service in 1961. The sanctuary is a summer breeding and nesting 
ground for over 100 species, including waterfowl (e.g. Lesser Snow Goose, Tundra Swan, Sandhill 
Crane) and shorebirds (e.g. Long-billed Dowitcher, Hudsonian Godwits), some of which are unique to 
this region.  

Activities that could harm migratory birds, nests, or eggs are prohibited. Therefore, although the site 
represents a small fraction of the overall sanctuary area, remediation and reclamation activities should 
recognize and mitigate the exposure pathways of migratory birds as appropriate.  

Guidelines and References 

Provinces and territories have specified guidance for remediation of contaminated sites, most of them 
using the CCME 3  guidelines or modifications thereof for human and ecological protection from 
contaminants in soil and water. Often the remediation approaches can have more than one level – a 
generic, or Tier 1 level that specifies contaminant concentration levels that must be achieved; a site-
specific, or Tier 2 level that allows some adjustment to certain parameters in the site remediation, 
depending on specific site factors; and full risk-based site specific target level development in which a 
quantitative human health and ecological risk assessment is completed to calculate site specific soil 
quality guidelines.  

Risk assessment guidance from Health Canada4 and Environment Canada5 build on CCME guidelines to 
provide more detailed methods for human health- and ecological risk assessments. Some provinces have 
specific risk assessment guidance that is derived from those agencies’ documents and refined to 
coordinate with provincial policies, however, NWT does not have territory-specific risk assessment 
guidance. Therefore, this screening level risk assessment is based on general methods and approaches 
from the above agencies.  

As mentioned above, a number of provincial or territorial agencies allow for full risk-based site-specific 
target level development.  In this approach, the default assumptions used in developing Tier 1 or 
equivalent soil quality guidelines are evaluated against actual conditions or parameters at the 
contaminated site.  Sufficient and appropriate site-specific data may be used to replace default values.  
Examples of site-specific data may include: local diets of key wildlife species that have been observed on 
the site; recorded weather patterns such as snow cover days per year; human use such as hunting, 
camping, fishing, and accompanying information regarding days per year the site is used and ingestion 
amounts of game, fish, berries, etc.   

Receptors and pathways can differ on a specific site compared to the generic scenarios that are 
anticipated in most guidelines.  This is an important consideration for Arctic sites in particular.  The 

                                                      
2 Kendall Island Migratory Bird Sanctuary (https://www.ec.gc.ca/ap-pa/default.asp?lang=En&n=A885ADAF-1) 

3 CCME 2016. Guidance Manual for Environmental Site Characterization in Support of Environmental and Human Health Risk 
Assessment. Volumes 1 through 4. Canadian Council of Ministers of the Environment.  

4 Health Canada 2012. Federal Contaminated Site Risk Assessment in Canada. Part I. Guidance on Human Health Preliminary 
Quantitative Risk Assessment (PQRA), Ver. 2.0, Revised 2012.   

5 Government of Canada, 2012. Federal Contaminated Sites Action Plan (FCSAP). Ecological Risk Assessment Guidance.  

https://www.ec.gc.ca/ap-pa/default.asp?lang=En&n=A885ADAF-1
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contaminated site soil quality guidelines derived by the CCME are predominantly based on organisms 
(plants, invertebrates, wildlife) whose habitat is in temperate and southern climates of Canada. For 
example, a key factor in a number of guideline values is toxicity to soil invertebrates – most commonly, 
earthworms, which do not exist in the active soil layer in the Arctic. Guidelines based on earthworm 
toxicity are likely overly conservative, which can lead to greater harm due to disruptive remediation 
activities than is likely to occur from ecotoxicological effects.  Another important assumption is plant 
rooting depth, as the soil below the general maximum root depth is considered subsoil. Subsoil 
guidelines are adjusted to account for the greater depth to the contaminants in question, their mobility 
in soil and groundwater, and mechanisms for exposure to different receptors. CCME considers soil less 
than 1.5 m as surface soil because rooting depth of many crops may exceed 1.0 m. However, maximum 
root depth in the Arctic is less than 0.3 m; because of influences of permafrost, short summers, and other 
conditions in the Arctic, soil below 0.5 m is more appropriately considered as subsoil 6.  Based on these 
factors, GPRA makes the assumption that soil below 1.0 m is considered as subsoil.  

For protecting human health, considerations for developing guidelines for volatile compounds and 
petroleum hydrocarbon include inhalation of vapours that may migrate into a residential building 
(whether real or hypothetical). Two scenarios are considered: basement construction or slab-on-grade 
construction.  In an Arctic setting, neither of these is likely due to the restrictions that permafrost places 
on residential construction.  Furthermore, the average soil temperature is much lower at Arctic 
locations, which would result in reduced transfer of hydrocarbon vapours from soil to air.  Based on 
these considerations, significantly higher concentrations of volatile hydrocarbons could be present in 
surface soil and still present a low risk of adverse health effects.  

Problem Formulation 
In a standard environmental risk assessment, the problem formulation process is comprised of three 
steps: 1) identifying the chemicals of concern and the environmental media that are affected; 2) 
identifying the receptors (who or what could be exposed to those chemicals); and 3) identifying the 
possible pathways between the contaminants and the receptors. If all three components (contaminants; 
receptors; pathways) are present, risks of adverse effects may exist; however, further evaluation is needed 
to quantify those risks.  

Conceptual Model 

From the CCME Canada Wide Standard for Petroleum Hydrocarbons, a general conceptual model 
describes the major exposure pathways and ecological receptors at a PHC contaminated site (Figure 1). 
This type of schematic can be used to describe Camp Farewell, with appropriate amendments to 
receptors and geographical features. The initial conceptual model (Figure 2) of the Camp Farewell site 
depicts the overall site characteristics, the contaminants identified in Phase II site assessment activities, 
classes of possible receptors, and the exposure pathways that should be initially considered for this site.  
The site lease area is accessed from the Main Channel of the Mackenzie River. An airstrip lies on the 
east side of the site. Maps from previous reports show the locations of the tank farm, burn pit, laydown 
yard, and camp buildings. There is no surface water on the site.  Exposure to contaminants identified in 
the Phase II sampling of 2015, which include petroleum hydrocarbons (PHCs), some volatile compounds 

                                                      
6 INAC 2008.  Abandoned Military Site Remediation Protocol, Volumes 1 and 2. Indian and Northern Affairs Canada, Northern 
Affairs Organization, Contaminated Sites Program. 



  

 

CAMP FAREWELL RISK-BASED REMEDIATION 7 

 

such as toluene, and barium, would occur directly or indirectly via soil.  Contaminants in surface soil 
may transfer into plants via roots, and then into herbivore species (lemming, arctic hare, caribou) and 
omnivore species (grizzly). Surface soil is consumed directly via incidental consumption in the case of 
most animals and birds, and beetles and soil-dwelling organisms may also absorb contaminants through 
their skin; in turn, birds and omnivorous animals consume insects and beetles.  Carnivores, such as the 
arctic fox will prey or scavenge on all species; birds of prey may also be present and prey on small 
mammals and birds.  Waterfowl and shorebirds, such as the snow goose and sandhill crane shown in the 
model, might use the area; however, primary nesting areas and food sources are not likely to be found on 
the site due to its distance from the river channel or the nearest wetlands.   

Groundwater is likely to be transient on the site due to annual freezing depth and permafrost; direction 
and magnitude of groundwater flow was not determined during Phase II activities.  Exposure to 
contaminants via groundwater is unlikely unless there is a direct link with a surface water body nearby.  

Humans using the site would most likely be there for recreational or cultural/traditional purposes, and 
could be exposed to contaminants from surface soil-skin contact, incidental ingestion of surface soil, and 
through transfer to berries, game, or birds via surface soil.   

We will refine this model following consideration of each of the components of the problem formulation.  

Receptors 

The region around Camp Farewell would be classified as residential/parkland from a regulatory 
perspective.  This is a standard classification that is used for remote areas, and is often based on 
consideration of future use of the land.  While the most sensitive land-use is agricultural use, this can be 
ruled out due to the climate on the Mackenzie River Delta.   

Human 

People using the area are most likely to be there for recreational use or traditional use: camping, 
hunting, fishing, gathering, and cultural activities.  Because of its remoteness, building a permanent 
residence is unlikely.  For people using the area for recreation or traditional purposes, a typical set of 
assumptions would include residing at the site for up to 2 months, gathering and consuming berries 
from the site, and hunting consuming game (e.g. caribou, waterfowl, and ptarmigan) from the area.    

Wildlife 

Currently there are no SARA listed species in the Kendall Island Migratory Bird Sanctuary.  

Mammals that are likely to be found in the region (or are representative of the broad classes) include 
foxes and wolves (carnivores); caribou, lemmings, voles, and hares (herbivores); and grizzly bears 
(omnivores).  

Insects include mosquitos, flies, butterflies and moths, and various beetles. Soil invertebrates such as 
earthworms do not occur in the far north: many of the ecological-based toxicity guidelines are based on 
toxicity studies with earthworms7, under conditions that reflect southern Canadian climates. However, 
the ecology of the surface soil in the Arctic is substantially different than in soils of southern areas, 
therefore, the same parameters that may be generalized for most provincial regions are likely not 

                                                      
7 CCME 2008. Canada-Wide Standards for PHCs in Soil: Scientific Rationale – Supporting Technical Document.  
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relevant for Arctic soils. This becomes relevant particularly for contaminants whose guidelines are 
derived from earthworm studies.  

Birds include migratory waterfowl and shorebirds as noted above, birds of prey (snowy owl, falcon), and 
upland birds (ptarmigan).   

Aquatic wildlife: Data do not extend to the shoreline and into the Mackenzie River channel adjacent to 
the site. The majority of the site and all contaminated areas are greater than 30m from the nearest 
surface water body. This assessment will exclude direct evaluation of aquatic ecological receptors.  

Vegetation 

Terrestrial vegetation on the Mackenzie River Delta is comprised of low shrubs (including some 
berries), sedges, grasses, mosses, and lichens.  Some black spruce may be present, as well as various 
willow species.  

Contaminant Exposure Pathways 

A discussion of the potential exposure pathways follows, along with analysis of those pathways. Relevant 
and complete pathways will be retained for further risk evaluation; pathways that can be ruled out will 
be discussed.  

Groundwater:  

The shallow groundwater regime sampled on the site has not been assessed as a viable source of potable 
drinking water. Historical use of the site has not indicated any use of groundwater as a drinking water 
source. At least two of the installed sampling piezometers did not collect sufficient water to draw a 
sample. Furthermore, annual freezing in the active soil layer and the barrier of the underlying 
permafrost means that there would be no groundwater available for a significant portion of the year. The 
site is accessed from the main channel of the Mackenzie River, which would be more likely to be used for 
drinking water if people were occupying the site for any length of time.  

Additionally, surface soil will be treated on-site to achieve GNWT surface soil guidelines, whose de 
minimus levels are based on protection of groundwater- based exposures. Therefore any plants, 
invertebrates, and terrestrial receptors will be protected.  

Based on these factors, groundwater on the site would constitute an insignificant exposure pathway for 
human or ecological receptors.  Groundwater was not included as an exposure pathway.  

Surface water:  

Surface water was not analyzed in the field programs. The site is accessed from the Mackenzie River 
Main Chanel, with the excavated areas more than 30m away from the shore (Figure 3). The nearest 
wetland is 100 m to the east, and upslope from the site, therefore a groundwater to surface water route is 
effectively eliminated as a viable transport and exposure pathway.  

Our assumption is that during reclamation, the site will be graded to promote surface drainage. Surface 
water is not evaluated as an exposure pathway.  

Soil and subsoil:  

Surface soil and subsoil samples used for this assessment were collected during the 2015 and 2016 field 
seasons.  Numerous areas on the site had hydrocarbons exceeding GNWT guidelines, and it was on the 
basis of the 2015 results that the remedial action plan (RAP) was developed.  
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As we have previously stated, our assumption is that the surface soil at the completion of the reclamation 
process will meet the appropriate guidelines for contaminants (PHCs, VOCs, and metals). Certain human 
and wildlife exposure pathways can then be eliminated if we rule out surface soil as a source of hazardous 
concentrations of contaminants:  direct skin exposure, inadvertent ingestion of soil, and indirect exposure via the 
food chain.  

Exposure to volatile contaminants in soil will be significantly reduced in this climate due to two main 
factors: average soil temperature is low and the soil is frozen or snow covered for a significant part of a 
year; and building construction methods do not normally use slab-on-grade or basements (in the 
unlikely event that residential construction would occur on this site in any case).  Low soil temperature 
or frozen soil greatly reduces the movement of volatile contaminants within the soil to either the surface 
or into buildings.  Constructing on pilings with an air space between the floor and the soil substantially 
reduces or eliminates the transfer of soil vapours into the building, where people spend the majority of 
time.  Vapour exposure will not be considered further as a viable exposure pathway.  

Vegetation: 

The vegetation in the Mackenzie River Delta is a combination of grasses, sedges, willows and various 
shrubs. Some black spruce and balsam poplar is present. Berries may also grow in the area. As described 
above, the rooting zone of plants in the far north is very shallow, with maximum root depth less than 30 
cm.  

Our assumption is that soil ≤ 1.0 m on the site will be remediated to applicable GNWT guidelines; 
therefore, contaminant exposure pathways via vegetation are not considered further.   

Terrestrial Food Chain: 

The terrestrial food chain is an important factor in evaluating contaminant transport pathways. Some 
contaminants can transfer from surface soil or groundwater to plant roots and into the edible portion of 
plants, which are consumed by herbivorous species, and the herbivores in turn are consumed by 
carnivores.  Our assumption that surface soil will meet GNWT guidelines rules out significant contaminant 
transfer into the terrestrial food chain, therefore this pathway will not be considered.  

Summary of Exposure Pathways 

The excavation and remediation of contaminated soils to 1.0 m depth effectively eliminates all direct 
exposure routes to human receptors and terrestrial plant, invertebrate, and animal species.  We make the 
assumption that the vegetation and associated ecosystem established post reclamation will be consistent 
with the surrounding region, including the climate- and vegetation limited shallow rooting zone.  With 
a maximum active soil depth (rooting zone and associated terrestrial invertebrates) of 0.3 m, it is 
appropriate to apply subsoil-based guidelines to the site for all soil > 1.0 m bgs.   

There is no surface water body within 10 m of the site: the contaminated areas are all greater than 30 m 
from the Mackenzie River, and at least 100 m from the nearest wetland.  Groundwater as a source of 
drinking water on the site is very unlikely, based on shallow permafrost, annual freezing down to the 
permafrost, and other sources of fresh water nearby. Therefore, the use of subsoil guidelines based on 
eco-soil contact is appropriate, rather than the de minimis value based on protection of groundwater for 
human or aquatic life.  

Chemicals of Potential Concern 

Historical site use, documented incidents (e.g. spills, fires, etc.), and knowledge of products typically used 
at various time periods in different industries can help assessors put together a preliminary list of 
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potential contaminants at a site. For oil and gas exploration and drilling operations there are a primary 
group of potential contaminants, including VOCs and PHCs from minor or major spilled crude oils, 
drilling fluids, fuels, and machine and motor oils. Some metals, such as lead from leaded gasoline or 
leaded paint, may also be a factor. Other persistent and ecologically toxic compounds may be present, 
based on customary practices in that time period. It is important to set up a sampling and analysis 
approach that accounts for the likely possible contaminants, and is sufficient to rule others out if they are 
not detected.  

On-site activities related to chemicals of potential concern 

Camp Farewell was operated as a storage, staging, and accommodations facility for seismic and drilling 
operations. Electricity was generated on-site. Fuel was stored in above ground storage tanks (AST). 
Equipment was stored or staged in a lay-down area. A burn pit was used for on-site disposal of various 
wastes.  

General operations practices in the 1970s may not have held to today’s environmental regulations and 
practices. For example, all used machine- or transformer oils may not have been transported off-site for 
disposal at a designated facility.  

A diesel spill from the tank farm was reported in spring 1981: approximately 80,000 L of water mixed 
with diesel overflowed the berm and flowed over the site and onto the ice on the Mackenzie River. 
Pumping and absorbent pads were used to collect as much of the fuel as possible at the time. Subsequent 
investigations and partial site remediation have been described elsewhere.  

In the time frame of the camp operations, polychlorinated biphenyl (PCB) lubricants marketed as 
Aroclors by Monsanto may have been used in the transformers employed in electrical generation via 
diesel generators. Aroclor 1254 or Aroclor 1260 were common formulations used in Northern Canada 
during that time. PCBs are very persistent organochlorine compounds that bioaccumulate in food chains 
and can have significant toxic effects. Many of the northern radar installations (e.g. Dew Line or Pole 
Vault) have had extensive PCB remediation efforts over the past 20 years. As reported below, PCBs were 
below all guidelines in soil.  

Pesticides such as DDT were often used in northern camps to control mosquitos and flies. DDT is 
another persistent organochlorine compound that was linked to many ecological effects. Some sites in 
the north have been found to have significant DDT concentrations from early use of the pesticide.  As 
reported below, DDT and its by-products were not detected in soil.  

Metal contamination may have occurred due to different materials used: for example, leaded fuels, paints 
containing lead, barium in drilling fluids or muds, or dissolution, leaching, or degradation of paints, 
pesticides or herbicides, batteries, etc. used on the site.   

For initial screening purposes, the maximum concentration of a contaminant is compared with relevant 
guidelines. Based on various site-specific considerations and professional judgment, a statistical value 
such as the 90th percentile concentration or the 95th upper confidence limit of the mean (UCLM) may be 
used when estimating exposures and subsequent risks. We have calculated the 90th percentile 
concentration for the different areas of activity or areas of potential concern (APECs) on the site (e.g. 
tank farm, laydown/storage, camp, burn pit, etc.). The maximum concentration may significantly over-
estimate risks on a particular site or APEC; using the 90th percentile concentration reduces the bias 
toward unrealistically high risk characterizations (e.g. due to a single high concentration sample), while 
remaining sufficiently conservative in estimating risks to ensure protection of relevant receptors.  

Data from the 2015 site assessment and 2016 site remediation have been combined to provide aggregate 
concentration data for the APECs as applicable.  
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Subsoil 

Soil samples from 2015 and 2016 (see Figure 4) were combined into a dataset for evaluating chemicals 
of potential concern. Samples were analyzed for a standard suite of soil quality properties, metals, 
petroleum hydrocarbons (PHCs), volatile organic compounds (VOCs), and polycyclic aromatic 
hydrocarbons (PAHs), PCBs and organochlorine pesticides.  Soil data were sorted according to site area 
and sample depth.  Maximum and 90th percentile values were calculated for data below 1.0 m.    

A chemical screening procedure was used to compare the contaminant concentrations from the APECs 
with appropriate screening criteria – usually the relevant regulatory guideline values. Chemicals were 
initially screened against GNWT generic criteria and only the compounds with maximum 
concentrations exceeding those criteria were carried over to the detailed screening – toluene, PHC 
fractions F1 through F4, and barium. Other metals, PCBs, or DDT and associated breakdown products 
were either not detected or were well below generic criteria in soil samples taken from the site during 
the 2016 remediation activities.  

Table 1 shows the results of the screening. The maximum concentrations of VOCs, F2, and F3 exceed 
the lowest Tier 1 GNWT guidelines in at least one former area of activity on the site – mostly the tank 
farm area.  For benzene, ethyl benzene and F3, the 90th percentile concentration does not exceed the 
lowest Tier 1 guideline.   Barium is the only inorganic compound or metal that exceeds a guideline.   

VOCs or barium do not have specified subsoil guidelines. However, considerations of viable exposure 
pathways allow for adoption of pathway-appropriate guideline values.  The default soil quality guidelines 
for VOCs are based on protection of groundwater for drinking water (human health) or aquatic life (eco), 
because these result in the most conservative guideline values.  In the Pathways discussion above, 
groundwater was ruled out as a viable exposure route at the site. Therefore, the next lowest toxicity 
based values are those derived for ecological direct contact.  None of the VOCs or barium maxima in any 
site area exceeds ecological direct contact guidelines, therefore, these contaminants were eliminated from 
consideration as contaminants of concern in the subsoil.  

Maximum concentrations of F2 and F3 in the Tank Farm area exceed the ecological direct contact 
thresholds listed by GNWT.  The 90th percentile F2 and F3 concentrations are well below these 
guidelines – further calculations show that the 96th and the 98th percentile concentrations of F2 and F3, 
respectively, remain below the ecological direct contact subsoil threshold.  Considered within the 
context of the Camp Farewell site, leaving the remaining contaminants in place in the Tank Farm area 
would present very low risks to ecological receptors.  Because of the depth below the active soil layer 
(maximum rooting zone 0.3 m), the annual freeze cycle and low average soil temperature would inhibit 
diffusion-driven transport mechanisms and it is unlikely that F2 or F3 would result in exposures 
sufficient to result in adverse effects.  Active digging by burrowing animals or by recreational users on 
the site would also have very low likelihood significant exposures. Finally, with the assumption of post-
reclamation surface grading designed for efficient surface water drainage, short- and long term influence 
of surface water percolation and subsequent mobilization of remaining PHC will be minimized.   

Summary of Chemicals of Potential Concern 

The majority of contaminant concentrations below 1.0 m depth across the Camp Farewell site meet the 
lowest, groundwater protective, Tier 1 GNWT guidelines.  Because of the site geo-climatic 
characteristics, shallow permafrost barrier, and distance from surface water bodies, groundwater is not 
considered to be a viable exposure pathway. Similarly, exposure to soil-volatiles in residential buildings 
was ruled out due to low soil temperatures and common construction practices.  The next lowest Tier 1 
guidelines are based on ecological direct contact.  A small percentage of F2 and F3 concentrations in the 
Tank Farm exceeded these guidelines: risks from future exposures to F2 and F3 in the former tank farm 
area are expected to be very low.   
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Conceptual Model – refined 

Returning to the site conceptual model from Figure 2, by remediating excavated surface soil to Tier 1 
guidelines the primary routes of contaminant exposure on the Camp Farewell site are eliminated.  
Subsequent evaluation of ground water or volatile-based exposure pathways effectively eliminates the 
remaining mechanisms for ecological or human receptors accessing the Camp Farewell site to be 
exposed to any contaminants that may remain in the subsoil.  Figure 5 shows the conceptual model with 
all of the contaminant exposure arrows removed. With surface soil remediated to applicable guidelines, 
risks of adverse effects from PHCs, VOCs, or metals on vegetation, invertebrates, terrestrial animals, 
birds, or people using the area recreationally are expected to be negligible.   

Conclusions and Recommendations 
Our screening level risk assessment of the post-remediation scenario at Camp Farewell resulted in 
elimination of the following exposure pathways: groundwater to drinking water; groundwater to 
freshwater aquatic life; direct soil contact or ingestion; and indoor vapour transport. The majority of 
GNWT de minimis guidelines are based on protection of groundwater for drinking water or 
groundwater for freshwater aquatic life.  These pathways were eliminated based on the shallow soil 
active zone where any groundwater would freeze annually, the permafrost barrier near 1.5 m, the 
distance to surface water bodies, and the remediation of surface soil to GNWT guidelines.   

VOCs and barium (the only metal that exceeded a guideline) may also be ruled out as contaminants of 
concern in the subsoil because of elimination of the groundwater to drinking water and groundwater to 
freshwater aquatic life pathways.  Concentrations of the VOCs and barium are well below thresholds for 
ecological direct contact.  

For PHCs in subsoil, the remaining potential exposure pathway is consideration of ecological direct 
contact, after accounting for depth and associated mechanisms of contaminant transport.  Maximum F2 
and F3 in the tank farm area exceeded the GNWT subsoil eco contact guidelines – however, less than 
4% of the 2015-2016 tank farm area samples exceeded these values.  Leaving these higher concentrations 
of contaminants in place is expected to result in very low risks of exposures to F2 or F3 that could result 
in adverse effects for any ecological receptors.  Additionally, further excavation is more likely to affect 
the integrity of the permafrost across the site.  Therefore, GPRA recommends leaving the remaining 
PHCs in the ground in the Tank Farm area.   
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Limitations and Qualifications 
This document is intended for the exclusive use of IEG Consultants Ltd. and the primary client, Shell 
Canada Energy. GatePost Risk Analysis does not accept any responsibility to any third party for the use 
of information presented in this report, or decisions made or actions taken based on its content. Other 
than by the named client, copying or distribution of this report or use of or reliance on the information 
contained herein, in whole or in part, is not permitted without the expressed written permission of 
GatePost Risk Analysis. Nothing in this report is intended to constitute or provide a “legal opinion”. 

In conducting the risk assessment, GatePost Risk Analysis has exercised reasonable skill, care, and 
diligence to assess the information acquired during the preparation of this report. There are no 
assurances regarding the accuracy and completeness of this information.  All information received from 
the client or third parties in the preparation of this report has been assumed by GatePost Risk Analysis 
to be correct. GatePost Risk Analysis assumes no responsibility for any deficiency or inaccuracy in 
information received from others. No other representations, warranties or guarantees are made 
concerning the accuracy or completeness of the data or conclusions contained within this report. 

Conclusions made within this report are a professional opinion at the time of the writing of this report, 
not a certification of the property’s environmental condition. 

Closure 
We trust this information meets your present requirements. Should you have any questions, please 
contact me at 403.969.9716 or klfroese@gmail.com. 

Prepared By: 

 
Ken Froese, PhD, PChem (AB & BC) 
Principal and Senior Risk Analyst 
GatePost Risk Analysis 
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Table 1.  Screening table for site maxima and 90th percentile concentrations. Data have been rounded to two significant figures. Bold numbers exceed any guideline. 

Compound Subsoil(1) Guidelines (mg/kg) Site Data (mg/kg) Retain as COC? 

      Shed (1.0-1.5m) Airstrip (1.0-1.5m) Laydown/ Storage 
(0.6 - 1.5) Camp (0.6-1.5m) Burn Pit (1.0-1.5m) Tank Farm (1.0-3.0m) Yes / No 

  GNWT 
GNWT 

(eco soil 
contact) 

CCME(4) 
AEP(6) BC MOE Maximum 90th 

percentile Maximum 90th 
percentile Maximum 90th 

percentile Maximum 90th 
percentile Maximum 90th 

percentile Maximum 90th 
percentile 

  

Benzene 0.5    62 SQGE  0.005 0.005 0.005 0.005 0.023 0.005 0.005 0.005 0.005 0.005 3.3 0.26 
No. Max is > GNWT but guideline is 
based on drinking water protection. Eco 
soil contact is next most conservative. 

Toluene 0.8   150 
SQGE  0.08 0.07 53 24 8.0 0.15 0.13 0.09 0.05 0.05 13 1.4 

No. Max is > GNWT but guideline is 
based on drinking water protection. Eco 
soil contact is next most conservative.  

Ethyl 
benzene 1.2    110 

SQGE  0.01 0.01 0 0.01 3.5 0.01 0.01 0.01 0.01 0.01 15 0.36 
No. Max is > GNWT but guideline is 
based on drinking water protection. Eco 
soil contact is next most conservative. 

Xylenes 1   190 
SQGE  

 0.05 0.05 0 0.05 20 0.05 0.05 0.05 0.1 0.07 62 1 
No. Max is > GNWT but guideline is 
based on drinking water protection. Eco 
soil contact is next most conservative. 

F1 230(2) 350    10 10 53 27 31 10 10 10 10 10 98 10 No.  Max F2 and F3 are > eco soil contact 
guideline, but small fraction of tank farm 
samples (< 4%) exceeds guideline.  Eco 
receptor exposures above guidelines 
very unlikely. 

F2 150(2) 1500    10 10 10 10 520 10 10 10 48 25 11000 180 (7) 

F3  2500    10 10 1200 650 980 290 370 230 130 67 3000 600 (7) 

F4  10000    13 12 830 520 520 170 160 100 60 35 1300 180 No 

Barium 500(3)   9800 
SQGHH 

1000 
SQGE(5)  130  nc  340 320 540 240 170 150 130 120 na na 

No. Pathway elimination due to 
permafrost and remediation of surface 
soil; BC MOE SQGE protective of any 
unlikely invertebrate or plant contact.  

Other metals  1.0 - 200      

no GNWT guideline exceedances 

No 

PAHs 0.7 - 10       No 

PCBs 1.3       No 

DDT  0.7      No 
(1) soil depth greater than 1.5 m bgs  
(2) soil quality guidelines for protection of freshwater aquatic life assuming surface water body 10m from site.  
(3) barium interim soil quality guideline CCME 1991.  
(4) CCME subsoil quality guidelines that are not based on vapour exposure, drinking water, or groundwater for aquatic life criteria.  SQGE: ecological direct contact; SQGHH: human direct contact. 
(5) BC MOE barium guideline for soil invertebrates and plants.  
(6) AEP (Alberta Environment and Parks) subsoil guidelines for Natural Area Land Use that are not based on vapour exposure, drinking water, or groundwater for aquatic life criteria. 
(7) 96th percentile F2 calculated at 850 mg/kg, still well below GNWT eco soil contact guideline of 1500 mg/kg.  98th percentile F3 calculated at 2300 mg/kg, below GNWT eco soil contact guideline of 2500 mg/kg.  
nc = not calculated; na = not analysed
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Figures 
 

 

Figure 1.  Conceptual model of a PHC contaminated site, taken from CWS-PHC 8 (Figure 4.1). 

 

 
 
 
  

                                                      
8 CCME 2008. Canada-Wide Standard for Petroleum Hydrocarbons in Soil (PHC CWS): Scientific Rational, Supporting Technical Document.  
Canadian Council for Ministers of the Environment.  
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Figure 2.  Conceptual model of the Camp Farewell site showing representative receptor groups and the possible pathways of 
contaminant exposure from soil to the different receptors.   
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Figure 3.  Camp Farewell site schematic indicating 30m buffer line from excavation areas to surface water (Mackenzie River) and 
distance to wetland areas north or east of the airstrip.  
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Figure 4. Camp Farewell site schematic showing areas of contamination and borehole sites for soil characterization.   
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Figure 5.  Revised conceptual model of the Camp Farewell site with the contaminant transport pathways eliminated.  By eliminating 
groundwater to drinking water and groundwater to freshwater aquatic life as exposure pathways, surface soil is the only viable 
matrix for receptors to be exposed to contaminants.  The surface soil (to a depth of 1.5 m) will be treated onsite to achieve 
guidelines that protect receptors from adverse effects of direct soil contact.  Risks to any individual receptor or group of receptors via 
direct soil ingestion or indirectly through the food chain will be negligible under this post-remediation scenario.  
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Appendix V 
 Camp Quality Assurance/Quality Control 

I-1 QUALITY ASSURANCE/QUALITY CONTROL 

As part of routine Quality Assurance/Quality Control (QA/QC), 20 field replicate soil samples were 
collected during the remediation program and sent to the laboratory for analysis. The replicate 
samples were collected at the same time as the initial soil sample and following the same sampling 
procedures. 

The purpose of the replicate samples is to ensure consistency in the analytical results that the 
laboratory produces. Large variances between replicate results and the original sampling results 
could indicate errors in the testing process conducted by the laboratory. Variances in results are 
investigated further with the laboratory. 

Precision in analytical results may be evaluated by calculating the relative percent difference (RPD) or 
absolute difference (AD) of replicate samples using the following formulae: 

RPD = 
(S – D) 

x 100 
 

AD = (S – D) 
(S + D) / 2 

where:  RPD and AD are absolute values, 
S is the original sample result (mg/kg), and, 

  D is the replicate sample result (mg/kg). 

Zeiner’s Environmental Standard’s Field Duplicate Criteria has been applied in order to evaluate the 
precision of the results (Zeiner 1994). 

If both the original and replicate soil sample concentrations are greater than five times the method 
detection limit (MDL) for a given parameter, the RPD must be less than or equal to 40% to be 
considered precise. If the results lie outside of the range, they should be considered estimates only. 

If at least one of the sample concentrations is less than or equal to five times the MDL for a given 
parameter, the AD should be less than or equal to two times the MDL. If the AD is greater than two 
times the MDL, the results should be considered estimates only. 

If one of the sample concentrations is positive and its replicate sample concentration is less than the 
MDL, the AD between the reported concentration and one-half the MDL should be less than or equal 
to two times the MDL. If the AD is greater than two times the MDL, the results should be considered 
estimates only. 

Chain-of-custody (CoC) procedures were followed throughout the sampling program. CoC forms were 
provided by AGAT and filled out by KCB personnel for each sample delivered to the laboratory. 

AGAT has internal QA/QC protocols and procedures to ensure accuracy and consistency of results. 
These procedures include COC tracking, storage and holding times, instrument calibration, surrogate 
matrix spikes, blanks, and laboratory duplicates. 
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CLIENT NAME: KLOHN CRIPPEN
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 274-3424

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Ian Seddon, AnalystASBESTOS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 6

Jul 20, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

16E117223AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 6

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-INSSAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

7/15/2016DATE SAMPLED:

7714683G / S RDLUnitParameter

NDAsbestos (Bulk) 0.5%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7714683 Condition of sample was satisfactory at time of arrival in laboratory. Analysis done at AGAT 5623 McAdam Road Mississauga location.
"ND" - Not Detected

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-19

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: KLOHN CRIPPEN

AGAT WORK ORDER: 16E117223

DATE REPORTED: 2016-07-20

PROJECT: A04012A08

Bulk Asbestos

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 6



Asbestos (Bulk) INORG 93-6010 EPA 600/R-93/116 & NIOSH 9002 PLM

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E117223

Method Summary

ATTENTION TO: Konrad Ross

CLIENT NAME: KLOHN CRIPPEN

PROJECT: A04012A08

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 3 of 6
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CLIENT NAME: IEG CONSULTANTS LTD
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Laarni Hafso, Laboratory ManagerTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 23

Jul 28, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (780) 395-2525

16E119478AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 23

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-002GS16-001 GS16-008GS16-003 GS16-004 GS16-005 GS16-006 GS16-007SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77302687730258 7730259 7730260 7730262 7730263 7730266 7730267G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.62 5.03 0.28 <0.05 0.31 <0.05 0.32Toluene 1.330.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 <10 <10 <10 769C10 - C16 (F2) 1310mg/kg

16 450 27 <10 34 426 729C16 - C34 (F3) 8110mg/kg

10 205 12 <10 14 159 73C34 - C50 (F4) 2910mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

15 44 11 17 19 42 55Moisture Content 371%

Acceptable LimitsUnitSurrogate

109 108 109 105 106 105 106Toluene-d8 (BTEX) 105% 50-150

105 108 89 88 100 107 110Ethylbenzene-d10 (BTEX) 112% 50-150

84 86 105 82 88 92 109o-Terphenyl (F2-F4) 109% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 23



GS16-010GS16-009 GS16-016GS16-011 GS16-012 GS16-013 GS16-014 GS16-015SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77302767730269 7730270 7730271 7730272 7730273 7730274 7730275G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.19 0.27 0.14 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene 0.390.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes 1.890.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) 9810mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) 9510mg/kg

<10 <10 <10 <10 <10 <10 <10C10 - C16 (F2) 306010mg/kg

11 14 25 <10 11 <10 20C16 - C34 (F3) 213010mg/kg

<10 <10 18 <10 <10 <10 10C34 - C50 (F4) 2210mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

14 20 14 16 15 18 13Moisture Content 161%

Acceptable LimitsUnitSurrogate

108 107 107 105 107 107 106Toluene-d8 (BTEX) 109% 50-150

100 91 99 102 93 97 85Ethylbenzene-d10 (BTEX) 101% 50-150

83 117 102 94 111 120 100o-Terphenyl (F2-F4) 109% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 23



GS16-018GS16-017 GS16-024GS16-019 GS16-020 GS16-021 GS16-022 GS16-023SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77302847730277 7730278 7730279 7730280 7730281 7730282 7730283G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.81 <0.05 <0.05 <0.05 <0.05 <0.05 0.06Toluene 0.080.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 11 <10 <10 <10 <10C10 - C16 (F2) <1010mg/kg

73 <10 56 10 12 <10 <10C16 - C34 (F3) <1010mg/kg

32 <10 18 15 <10 <10 <10C34 - C50 (F4) <1010mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

24 15 13 9 13 10 11Moisture Content 171%

Acceptable LimitsUnitSurrogate

105 107 107 107 107 107 109Toluene-d8 (BTEX) 109% 50-150

97 98 108 92 89 98 80Ethylbenzene-d10 (BTEX) 90% 50-150

105 110 107 110 114 104 96o-Terphenyl (F2-F4) 97% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 23



GS16-026GS16-025 GS16-032GS16-027 GS16-028 GS16-029 GS16-030 GS16-031SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77302957730286 7730287 7730288 7730289 7730290 7730291 7730292G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene 0.080.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C10 - C16 (F2) 1810mg/kg

36 <10 <10 <10 <10 89 31C16 - C34 (F3) 16210mg/kg

19 <10 <10 <10 <10 29 17C34 - C50 (F4) 7210mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

14 15 16 16 10 8 5Moisture Content 141%

Acceptable LimitsUnitSurrogate

109 109 109 108 103 106 101Toluene-d8 (BTEX) 105% 50-150

90 85 88 91 97 99 81Ethylbenzene-d10 (BTEX) 89% 50-150

93 95 97 99 95 85 91o-Terphenyl (F2-F4) 92% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 5 of 23



GS16-034GS16-033 GS16-040GS16-035 GS16-036 GS16-037 GS16-038 GS16-039SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77303057730296 7730297 7730298 7730299 7730301 7730303 7730304G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

14 26 20 <10 19 126 134C10 - C16 (F2) 1310mg/kg

166 77 68 47 73 219 243C16 - C34 (F3) 6810mg/kg

80 32 32 28 27 23 30C34 - C50 (F4) 3810mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

13 8 8 6 6 8 5Moisture Content 141%

Acceptable LimitsUnitSurrogate

106 107 107 108 108 108 107Toluene-d8 (BTEX) 112% 50-150

94 92 89 82 86 92 92Ethylbenzene-d10 (BTEX) 125% 50-150

90 86 84 90 95 100 94o-Terphenyl (F2-F4) 93% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 6 of 23



GS16-042GS16-041 GS16-048GS16-043 GS16-044 GS16-045 GS16-046 GS16-047SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77303157730306 7730307 7730308 7730309 7730312 7730313 7730314G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

12 47 22 <10 116 10 36C10 - C16 (F2) <1010mg/kg

109 105 91 34 184 35 63C16 - C34 (F3) 4210mg/kg

29 21 13 15 45 15 32C34 - C50 (F4) 2410mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

5 5 8 4 5 6 7Moisture Content 51%

Acceptable LimitsUnitSurrogate

108 108 103 105 104 103 102Toluene-d8 (BTEX) 105% 50-150

121 106 94 90 88 101 90Ethylbenzene-d10 (BTEX) 95% 50-150

95 90 71 70 62 84 83o-Terphenyl (F2-F4) 78% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 7 of 23



GS16-050GS16-049 GS16-056GS16-051 GS16-052 GS16-053 GS16-054 GS16-055SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77303237730316 7730317 7730318 7730319 7730320 7730321 7730322G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 11 <10 23 <10 172 <10C10 - C16 (F2) <1010mg/kg

30 41 82 370 48 316 165C16 - C34 (F3) 4710mg/kg

24 18 48 188 24 44 60C34 - C50 (F4) 2610mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

6 6 8 22 5 10 8Moisture Content 51%

Acceptable LimitsUnitSurrogate

103 103 104 97 108 108 108Toluene-d8 (BTEX) 77% 50-150

88 96 98 101 102 110 107Ethylbenzene-d10 (BTEX) 62% 50-150

79 70 74 92 84 71 64o-Terphenyl (F2-F4) 61% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 8 of 23



GS16-058GS16-057 GS16-065GS16-060 GS16-061 GS16-062 GS16-063 GS16-064SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/21/20167/19/2016 7/21/2016 7/21/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77303327730324 7730325 7730327 7730328 7730329 7730330 7730331G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02Ethylbenzene 0.030.01mg/kg

<0.05 <0.05 <0.05 0.11 <0.05 <0.05 0.20Xylenes 0.320.05mg/kg

<10 <10 <10 <10 <10 <10 15C6 - C10 (F1) 1710mg/kg

<10 <10 <10 <10 <10 <10 15C6 - C10 (F1 minus BTEX) 1710mg/kg

<10 <10 <10 1030 <10 1790 3250C10 - C16 (F2) 175010mg/kg

38 112 11 759 234 985 1690C16 - C34 (F3) 68410mg/kg

26 77 <10 36 423 42 38C34 - C50 (F4) 3910mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

3 5 5 7 17 8 6Moisture Content 61%

Acceptable LimitsUnitSurrogate

108 107 104 105 106 103 102Toluene-d8 (BTEX) 103% 50-150

107 102 111 98 114 100 93Ethylbenzene-d10 (BTEX) 101% 50-150

70 69 60 76 65 69 94o-Terphenyl (F2-F4) 88% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478
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PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com
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GS16-067GS16-066 GS16-073GS16-068 GS16-069 GS16-070 GS16-071 GS16-072SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77303407730333 7730334 7730335 7730336 7730337 7730338 7730339G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

1340 778 10 14 14 24 11C10 - C16 (F2) 4210mg/kg

1120 535 118 98 57 68 64C16 - C34 (F3) 8210mg/kg

46 46 59 53 26 28 22C34 - C50 (F4) 1610mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

5 13 10 9 7 6 5Moisture Content 61%

Acceptable LimitsUnitSurrogate

103 106 102 107 102 92 92Toluene-d8 (BTEX) 92% 50-150

102 120 115 109 110 89 89Ethylbenzene-d10 (BTEX) 86% 50-150

108 81 81 77 88 78 83o-Terphenyl (F2-F4) 81% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-075GS16-074 Dup 4GS16-076 GS16-077 Dup 1 Dup 2 Dup 3SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

7/19/20167/19/2016 7/19/2016 7/19/20167/19/2016 7/19/2016 7/19/2016 7/19/2016DATE SAMPLED:

77304157730341 7730342 7730343 7730344 7730412 7730413 7730414G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 0.18 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 0.15 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

25 23 14 28 14 <10 <10C10 - C16 (F2) 3610mg/kg

40 45 34 46 77 <10 <10C16 - C34 (F3) 9810mg/kg

12 11 <10 16 18 <10 <10C34 - C50 (F4) <1010mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

5 12 5 6 19 16 16Moisture Content 81%

Acceptable LimitsUnitSurrogate

107 92 92 104 104 107 108Toluene-d8 (BTEX) 107% 50-150

110 88 91 102 89 90 98Ethylbenzene-d10 (BTEX) 85% 50-150

81 66 66 88 101 87 85o-Terphenyl (F2-F4) 82% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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Dup 6Dup 5 Dup 7SAMPLE DESCRIPTION:

SoilSoilSoilSAMPLE TYPE:

7/21/2016 7/21/20167/19/2016DATE SAMPLED:

7730416 7730417 7730418G / S RDLUnitParameter

<0.005 <0.005 <0.005Benzene 0.005mg/kg

<0.05 <0.05 <0.05Toluene 0.05mg/kg

<0.01 <0.01 <0.01Ethylbenzene 0.01mg/kg

<0.05 <0.05 <0.05Xylenes 0.05mg/kg

<10 <10 <10C6 - C10 (F1) 10mg/kg

<10 <10 <10C6 - C10 (F1 minus BTEX) 10mg/kg

10 <10 14C10 - C16 (F2) 10mg/kg

176 43 40C16 - C34 (F3) 10mg/kg

16 <10 <10C34 - C50 (F4) 10mg/kg

N/A N/A N/AGravimetric Heavy Hydrocarbons 1000mg/kg

7 5 6Moisture Content 1%

Acceptable LimitsUnitSurrogate

107 106 108Toluene-d8 (BTEX) % 50-150

86 90 96Ethylbenzene-d10 (BTEX) % 50-150

75 82 89o-Terphenyl (F2-F4) % 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7730258-7730418 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Total C6 - C50 results are corrected for BTEX and PAH contributions (if requested).
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
Extraction and holding times were met for this sample.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-07-25

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E119478

DATE REPORTED: 2016-07-28

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1372 7730269 < 0.005 < 0.005 NA < 0.005 94% 80% 120% 85% 80% 120% 98% 60% 140%

Toluene 1372 7730269 0.19 0.20 NA < 0.05 90% 80% 120% 81% 80% 120% 95% 60% 140%

Ethylbenzene 1372 7730269 < 0.01 < 0.01 NA < 0.01 87% 80% 120% 83% 80% 120% 94% 60% 140%

Xylenes 1372 7730269 < 0.05 < 0.05 NA < 0.05 91% 80% 120% 85% 80% 120% 90% 60% 140%

C6 - C10 (F1)
 

1372 7730269 < 10 < 10 NA < 10 98% 80% 120% 107% 80% 120% 124% 60% 140%

C10 - C16 (F2) 728 7730269 < 10 < 10 NA < 10 91% 80% 120% 108% 80% 120% 126% 60% 140%

C16 - C34 (F3) 728 7730269 11 15 NA < 10 94% 80% 120% 105% 80% 120% 134% 60% 140%

C34 - C50 (F4) 728 7730269 < 10 < 10 NA < 10 93% 80% 120% 104% 80% 120% 136% 60% 140%

Moisture Content 728 7730269 14 14 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1125 7730284 < 0.005 < 0.005 NA < 0.005 117% 80% 120% 100% 80% 120% 115% 60% 140%

Toluene 1125 7730284 0.08 0.09 NA < 0.05 89% 80% 120% 82% 80% 120% 88% 60% 140%

Ethylbenzene 1125 7730284 < 0.01 < 0.01 NA < 0.01 87% 80% 120% 82% 80% 120% 84% 60% 140%

Xylenes 1125 7730284 < 0.05 < 0.05 NA < 0.05 91% 80% 120% 83% 80% 120% 82% 60% 140%

C6 - C10 (F1)
 

1125 7730284 < 10 < 10 NA < 10 81% 80% 120% 110% 80% 120% 136% 60% 140%

C10 - C16 (F2) 1001 7730284 < 10 < 10 NA < 10 89% 80% 120% 99% 80% 120% 94% 60% 140%

C16 - C34 (F3) 1001 7730284 < 10 < 10 NA < 10 90% 80% 120% 88% 80% 120% 86% 60% 140%

C34 - C50 (F4) 1001 7730284 < 10 < 10 NA < 10 89% 80% 120% 91% 80% 120% 87% 60% 140%

Moisture Content 1001 7730284 17 16 6.1% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 995 7730308 < 0.005 < 0.005 NA < 0.005 81% 80% 120% 90% 80% 120% 95% 60% 140%

Toluene 995 7730308 < 0.05 < 0.05 NA < 0.05 96% 80% 120% 88% 80% 120% 96% 60% 140%

Ethylbenzene 995 7730308 < 0.01 < 0.01 NA < 0.01 113% 80% 120% 111% 80% 120% 118% 60% 140%

Xylenes 995 7730308 < 0.05 < 0.05 NA < 0.05 116% 80% 120% 98% 80% 120% 103% 60% 140%

C6 - C10 (F1)
 

995 7730308 < 10 < 10 NA < 10 118% 80% 120% 114% 80% 120% 116% 60% 140%

C10 - C16 (F2) 818 7730308 22 25 13.0% < 10 101% 80% 120% 117% 80% 120% 81% 60% 140%

C16 - C34 (F3) 818 7730308 91 84 8.0% < 10 93% 80% 120% 103% 80% 120% 72% 60% 140%

C34 - C50 (F4) 818 7730308 13 15 14.0% < 10 92% 80% 120% 108% 80% 120% 75% 60% 140%

Moisture Content 818 7730308 8 8 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1125 7731266 < 0.005 < 0.005 NA < 0.005 117% 80% 120% 100% 80% 120% 120% 60% 140%

Toluene 1125 7731266 < 0.05 < 0.05 NA < 0.05 89% 80% 120% 81% 80% 120% 96% 60% 140%

Ethylbenzene 1125 7731266 < 0.01 < 0.01 NA < 0.01 87% 80% 120% 82% 80% 120% 93% 60% 140%

Xylenes 1125 7731266 < 0.05 < 0.05 NA < 0.05 91% 80% 120% 84% 80% 120% 90% 60% 140%

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E119478

Dup #1 RPD
Measured

Value
Recovery Recovery
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C6 - C10 (F1)
 

1125 7731266 < 10 < 10 NA < 10 81% 80% 120% 117% 80% 120% 134% 60% 140%

Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

C10 - C16 (F2) 793 7730412 778 713 8.7% < 10 89% 80% 120% 86% 80% 120% 90% 60% 140%

C16 - C34 (F3) 793 7730412 535 463 14.4% < 10 94% 80% 120% 102% 80% 120% 108% 60% 140%

C34 - C50 (F4) 793 7730412 46 41 NA < 10 93% 80% 120% 105% 80% 120% 104% 60% 140%

Moisture Content 793 7730412 13 13 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested and to all the items tested
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Recovery Recovery
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Trace Organics Analysis

Benzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Toluene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Xylenes
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

C6 - C10 (F1)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C6 - C10 (F1 minus BTEX)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C10 - C16 (F2) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C16 - C34 (F3) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C34 - C50 (F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Moisture Content LAB-175-4002 CCME Tier 1 Method-S % GRAVIMETRIC

Toluene-d8 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene-d10 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E119478

Method Summary
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CLIENT NAME: IEG CONSULTANTS LTD
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Oksana Gushyla, Trace Organics Lab SupervisorTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 25

Aug 11, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (780) 395-2525

16E123918AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 25

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-156GS16-155 GS16-157 GS16-158 GS16-159SAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016DATE SAMPLED:

7756784 7756785 7756786 7756787 7756788G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005DDD (o,p') 0.005µg/g

<0.005 <0.005 <0.005 <0.005 <0.005pp'-DDD 0.005µg/g

<0.007 <0.007 <0.007 <0.007 <0.007DDD (o,p' + p,p' ) 0.007µg/g

<0.005 <0.005 <0.005 <0.005 <0.005op'-DDE 0.005ug/g

<0.005 <0.005 <0.005 <0.005 <0.005pp'-DDE 0.005µg/g

<0.007 <0.007 <0.007 <0.007 <0.007DDE (Total) 0.007µg/g

<0.005 <0.005 <0.005 <0.005 <0.005op'-DDT 0.005µg/g

<0.005 <0.005 <0.005 <0.005 <0.005pp'- DDT 0.005µg/g

<0.007 <0.007 <0.007 <0.007 <0.007DDT (Total) 0.0070.7µg/g

4.3 3.4 5.9 7.4 9.5Moisture Content 0.1%

Acceptable LimitsUnitSurrogate

62 88 70 54 84TCMX % 50-130

66 90 88 66 104Decachlorobiphenyl % 60-130

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Western Canada ABT1 Herb_Pest Soil Lowest Detection Limit

7756784-7756788 Results are based on the dry weight of the soil.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

AGAT Western Canada - OC Pesticides (Soil)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 25



GS16-079GS16-078 GS16-085GS16-080 GS16-081 GS16-082 GS16-083 GS16-084SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567147756707 7756708 7756709 7756710 7756711 7756712 7756713G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene 0.260.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 90 <10 <10 <10C10 - C16 (F2) <1010mg/kg

201 <10 <10 139 31 95 57C16 - C34 (F3) 6210mg/kg

88 <10 <10 35 14 42 <10C34 - C50 (F4) 1310mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

51 2 2 22 8 36 52Moisture Content 421%

Acceptable LimitsUnitSurrogate

98 100 99 98 98 98 98Toluene-d8 (BTEX) 97% 50-150

109 89 93 103 91 102 128Ethylbenzene-d10 (BTEX) 114% 50-150

96 94 98 97 98 95 93o-Terphenyl (F2-F4) 92% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 25



GS16-087GS16-086 GS16-093GS16-088 GS16-089 GS16-090 GS16-091 GS16-092SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567227756715 7756716 7756717 7756718 7756719 7756720 7756721G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 0.07 0.12 <0.05 0.16 <0.05 0.09Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C10 - C16 (F2) <1010mg/kg

66 92 121 22 78 175 30C16 - C34 (F3) 8210mg/kg

14 40 40 <10 22 88 15C34 - C50 (F4) 2610mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

4 43 54 3 31 59 39Moisture Content 591%

Acceptable LimitsUnitSurrogate

99 98 98 100 98 97 97Toluene-d8 (BTEX) 97% 50-150

97 113 114 92 103 102 119Ethylbenzene-d10 (BTEX) 114% 50-150

84 88 94 101 102 98 89o-Terphenyl (F2-F4) 88% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 25



GS16-095GS16-094 GS16-101GS16-096 GS16-097 GS16-098 GS16-099 GS16-100SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567307756723 7756724 7756725 7756726 7756727 7756728 7756729G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 0.23 <0.05 <0.05 0.25 <0.05 0.10Toluene 0.420.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C10 - C16 (F2) <1010mg/kg

<10 239 61 49 247 91 61C16 - C34 (F3) 25510mg/kg

<10 63 29 25 92 45 23C34 - C50 (F4) 10510mg/kg

N/A N/A N/A N/A NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

2 53 13 12 58 24 5Moisture Content 451%

Acceptable LimitsUnitSurrogate

101 97 97 98 105 106 105Toluene-d8 (BTEX) 102% 50-150

95 107 98 101 105 99 84Ethylbenzene-d10 (BTEX) 105% 50-150

89 81 93 84 98 93 93o-Terphenyl (F2-F4) 95% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 5 of 25



GS16-103GS16-102 GS16-109GS16-104 GS16-105 GS16-106 GS16-107 GS16-108SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567387756731 7756732 7756733 7756734 7756735 7756736 7756737G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.11 <0.05 0.10 <0.05 0.78 0.20 <0.05Toluene 0.070.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 <10 <10 <10 94 46C10 - C16 (F2) 25510mg/kg

277 78 75 74 95 115 321C16 - C34 (F3) 27910mg/kg

141 37 22 38 35 45 33C34 - C50 (F4) 1310mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

27 17 27 4 30 22 5Moisture Content 221%

Acceptable LimitsUnitSurrogate

103 106 104 106 106 106 107Toluene-d8 (BTEX) 106% 50-150

78 80 93 84 103 86 83Ethylbenzene-d10 (BTEX) 80% 50-150

93 95 100 95 99 91 100o-Terphenyl (F2-F4) 93% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 6 of 25



GS16-111GS16-110 GS16-117GS16-112 GS16-113 GS16-114 GS16-115 GS16-116SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567467756739 7756740 7756741 7756742 7756743 7756744 7756745G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 1.33 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 0.08 <0.01 0.03 <0.01 0.03Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 0.50 <0.05 0.18 <0.05 0.26Xylenes <0.050.05mg/kg

<10 <10 <10 <10 162 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 162 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

792 1020 402 341 5550 1240 2010C10 - C16 (F2) 48910mg/kg

889 851 480 494 434 808 1200C16 - C34 (F3) 58610mg/kg

42 21 47 33 <10 88 41C34 - C50 (F4) 1810mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

14 15 58 18 7 41 21Moisture Content 81%

Acceptable LimitsUnitSurrogate

106 103 106 112 106 104 106Toluene-d8 (BTEX) 102% 50-150

87 93 102 91 99 88 91Ethylbenzene-d10 (BTEX) 75% 50-150

102 102 106 100 98 94 104o-Terphenyl (F2-F4) 99% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 7 of 25



GS16-119GS16-118 GS16-125GS16-120 GS16-121 GS16-122 GS16-123 GS16-124SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567547756747 7756748 7756749 7756750 7756751 7756752 7756753G / S RDLUnitParameter

<0.005 <0.005 0.037 <0.005 0.021 0.023 0.015Benzene 0.0150.005mg/kg

<0.05 <0.05 0.44 <0.05 <0.05 <0.05 0.13Toluene 0.480.05mg/kg

<0.01 <0.01 0.29 0.08 0.12 0.02 0.21Ethylbenzene 0.210.01mg/kg

<0.05 <0.05 6.22 1.31 0.71 <0.05 1.29Xylenes 2.330.05mg/kg

10 30 470 160 <10 10 110C6 - C10 (F1) 22010mg/kg

10 30 460 160 <10 10 110C6 - C10 (F1 minus BTEX) 22010mg/kg

1320 1440 8130 2110 164 157 890C10 - C16 (F2) 170010mg/kg

2330 1240 2790 890 496 185 242C16 - C34 (F3) 14610mg/kg

57 32 66 <10 208 84 17C34 - C50 (F4) 3810mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

16 11 25 7 26 58 16Moisture Content 501%

Acceptable LimitsUnitSurrogate

95 91 89 103 93 99 100Toluene-d8 (BTEX) 98% 50-150

99 104 72 114 96 82 106Ethylbenzene-d10 (BTEX) 99% 50-150

122 126 121 118 106 76 106o-Terphenyl (F2-F4) 92% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 8 of 25



GS16-127GS16-126 GS16-133GS16-128 GS16-129 GS16-130 GS16-131 GS16-132SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567627756755 7756756 7756757 7756758 7756759 7756760 7756761G / S RDLUnitParameter

0.405 0.073 0.207 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

20.2 1.86 3.75 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

6.16 0.42 0.57 0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

46.3 3.92 4.09 0.67 <0.05 0.06 0.16Xylenes <0.050.05mg/kg

1920 470 120 110 50 50 40C6 - C10 (F1) 6010mg/kg

1850 470 120 110 50 50 40C6 - C10 (F1 minus BTEX) 6010mg/kg

10400 2670 682 2120 1240 1700 1360C10 - C16 (F2) 278010mg/kg

955 950 1020 1200 1160 1520 1420C16 - C34 (F3) 212010mg/kg

152 260 467 50 46 102 55C34 - C50 (F4) 12510mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

62 58 28 8 11 13 10Moisture Content 141%

Acceptable LimitsUnitSurrogate

89 104 100 97 96 97 100Toluene-d8 (BTEX) 94% 50-150

105 100 95 106 103 114 119Ethylbenzene-d10 (BTEX) 120% 50-150

109 108 105 127 124 127 106o-Terphenyl (F2-F4) 116% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 9 of 25



GS16-135GS16-134 GS16-141GS16-136 GS16-137 GS16-138 GS16-139 GS16-140SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567707756763 7756764 7756765 7756766 7756767 7756768 7756769G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 0.13 0.06 0.12 0.13 0.07Toluene 0.230.05mg/kg

0.04 <0.01 0.01 <0.01 <0.01 <0.01 0.03Ethylbenzene <0.010.01mg/kg

0.48 <0.05 0.09 <0.05 <0.05 <0.05 0.42Xylenes <0.050.05mg/kg

110 <10 60 <10 <10 <10 130C6 - C10 (F1) 2010mg/kg

110 <10 60 <10 <10 <10 130C6 - C10 (F1 minus BTEX) 2010mg/kg

1600 19 1640 229 331 228 3430C10 - C16 (F2) 138010mg/kg

1120 79 2040 665 1470 820 2610C16 - C34 (F3) 242010mg/kg

62 22 542 275 776 436 284C34 - C50 (F4) 64410mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

15 4 36 29 31 21 16Moisture Content 281%

Acceptable LimitsUnitSurrogate

91 94 101 99 96 95 94Toluene-d8 (BTEX) 99% 50-150

92 104 113 95 98 100 98Ethylbenzene-d10 (BTEX) 109% 50-150

120 106 121 111 104 103 108o-Terphenyl (F2-F4) 109% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 10 of 25



GS16-143GS16-142 GS16-149GS16-144 GS16-145 GS16-146 GS16-147 GS16-148SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

77567787756771 7756772 7756773 7756774 7756775 7756776 7756777G / S RDLUnitParameter

<0.005 0.009 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 3.83 0.17 <0.05 0.08 0.08 <0.05Toluene 0.080.05mg/kg

<0.01 0.11 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 0.51 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

10 10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

1330 344 94 32 47 32 148C10 - C16 (F2) 31710mg/kg

1860 564 558 537 479 741 534C16 - C34 (F3) 100010mg/kg

192 153 282 354 322 466 339C34 - C50 (F4) 44010mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

11 22 21 20 23 26 29Moisture Content 201%

Acceptable LimitsUnitSurrogate

98 95 96 93 97 98 98Toluene-d8 (BTEX) 95% 50-150

92 96 92 84 86 88 93Ethylbenzene-d10 (BTEX) 96% 50-150

109 104 102 104 103 97 103o-Terphenyl (F2-F4) 111% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 11 of 25



DUP - 8GS16-150 DUP - 9 DUP - 10 DUP - 11 DUP - 12 DUP - 13SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil SoilSAMPLE TYPE:

8/4/20168/4/2016 8/4/2016 8/4/20168/4/2016 8/4/2016 8/4/2016DATE SAMPLED:

7756779 7756791 7756792 7756793 7756795 7756802 7756803G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 0.008 <0.005 <0.005Benzene 0.005mg/kg

<0.05 <0.05 0.24 0.08 0.25 0.13 0.06Toluene 0.05mg/kg

0.01 <0.01 <0.01 <0.01 0.15 0.01 <0.01Ethylbenzene 0.01mg/kg

0.19 <0.05 <0.05 <0.05 6.05 0.10 <0.05Xylenes 0.05mg/kg

50 <10 <10 <10 540 50 <10C6 - C10 (F1) 10mg/kg

50 <10 <10 <10 540 50 <10C6 - C10 (F1 minus BTEX) 10mg/kg

1880 <10 <10 335 13000 1350 32C10 - C16 (F2) 10mg/kg

1960 105 774 523 3830 1900 503C16 - C34 (F3) 10mg/kg

162 52 525 63 108 706 331C34 - C50 (F4) 10mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons 1000mg/kg

12 3.2 58 17 18 31 21Moisture Content 1%

Acceptable LimitsUnitSurrogate

95 93 97 99 87 98 101Toluene-d8 (BTEX) % 50-150

107 94 72 95 78 100 110Ethylbenzene-d10 (BTEX) % 50-150

112 104 107 113 120 117 103o-Terphenyl (F2-F4) % 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7756707-7756746 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Total C6 - C50 results are corrected for BTEX and PAH contributions (if requested).
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
Extraction and holding times were met for this sample.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.

7756747-7756803 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
C>10 – C16 (F2- Napthalene) is a calculated parameter. The calculated value is F2 - Napthalene (if requested). 
C>16 - C34 (F3-PAH) is a calculated parameter. The calculated value is F3-PAH (if requested).  
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.
Extraction and holding times were met for this sample.

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 13 of 25



GS16-152GS16-151 GS16-153 GS16-154SAMPLE DESCRIPTION:

SoilSoilSoil SoilSAMPLE TYPE:

8/4/2016 8/4/2016 8/4/20168/4/2016DATE SAMPLED:

7756780 7756781 7756782 7756783G / S RDLUnitParameter

<0.05 <0.05 <0.05 <0.05Aroclor 1242 0.05mg/kg

<0.05 <0.05 <0.05 <0.05Aroclor 1254 0.05mg/kg

<0.05 <0.05 <0.05 <0.05Aroclor 1260 0.05mg/kg

<0.05 <0.05 <0.05 <0.05Total Polychlorinated Biphenyls 0.05mg/kg

Acceptable LimitsUnitSurrogate

98 102 103 77Decachlorobiphenyl % 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7756780-7756783 Results are based on the dry weight of the sample.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-07

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E123918

DATE REPORTED: 2016-08-11

PROJECT: A04012A08

Polychlorinated Biphenyls Analysis - Soil

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 14 of 25



Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1383 7756712 < 0.005 < 0.005 NA < 0.005 101% 80% 120% 87% 80% 120% 86% 60% 140%

Toluene 1383 7756712 < 0.05 < 0.05 NA < 0.05 108% 80% 120% 83% 80% 120% 83% 60% 140%

Ethylbenzene 1383 7756712 < 0.01 < 0.01 NA < 0.01 113% 80% 120% 87% 80% 120% 87% 60% 140%

Xylenes 1383 7756712 < 0.05 < 0.05 NA < 0.05 113% 80% 120% 91% 80% 120% 91% 60% 140%

C6 - C10 (F1)
 

1383 7756712 < 10 < 10 NA < 10 115% 80% 120% 116% 80% 120% 125% 60% 140%

C10 - C16 (F2) 1013 7756712 < 10 < 10 NA < 10 87% 80% 120% 92% 80% 120% 82% 60% 140%

C16 - C34 (F3) 1013 7756712 95 90 5.4% < 10 89% 80% 120% 83% 80% 120% 75% 60% 140%

C34 - C50 (F4) 1013 7756712 42 41 NA < 10 89% 80% 120% 85% 80% 120% 75% 60% 140%

Moisture Content 1013 7756712 36 36 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 4171 7756761 <0.005 <0.005 NA < 0.005 108% 80% 120% 114% 80% 120% 99% 60% 140%

Toluene 4171 7756761 <0.05 <0.05 NA < 0.05 107% 80% 120% 109% 80% 120% 83% 60% 140%

Ethylbenzene 4171 7756761 <0.01 0.01 NA < 0.01 108% 80% 120% 119% 80% 120% 86% 60% 140%

Xylenes 4171 7756761 0.16 0.12 NA < 0.05 90% 80% 120% 116% 80% 120% 71% 60% 140%

C6 - C10 (F1)
 

4171 7756761 40 40 NA < 10 89% 80% 120% 87% 80% 120% 79% 60% 140%

C10 - C16 (F2) 907 7756761 1360 1390 2.2% < 10 104% 80% 120% 93% 80% 120% 88% 60% 140%

C16 - C34 (F3) 907 7756761 1420 1450 2.1% < 10 104% 80% 120% 95% 80% 120% 90% 60% 140%

C34 - C50 (F4) 907 7756761 55 64 15.1% < 10 104% 80% 120% 91% 80% 120% 86% 60% 140%

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 4170 7756774 <0.005 <0.005 NA < 0.005 111% 80% 120% 104% 80% 120% 113% 60% 140%

Toluene 4170 7756774 <0.05 0.05 NA < 0.05 113% 80% 120% 108% 80% 120% 118% 60% 140%

Ethylbenzene 4170 7756774 <0.01 <0.01 NA < 0.01 107% 80% 120% 119% 80% 120% 125% 60% 140%

Xylenes 4170 7756774 <0.05 <0.05 NA < 0.05 102% 80% 120% 115% 80% 120% 119% 60% 140%

C6 - C10 (F1)
 

4170 7756774 <10 <10 NA < 10 85% 80% 120% 85% 80% 120% 77% 60% 140%

C10 - C16 (F2) 907 7756774 32 46 NA < 10 98% 80% 120% 106% 80% 120% 103% 60% 140%

C16 - C34 (F3) 907 7756774 537 469 13.5% < 10 98% 80% 120% 110% 80% 120% 105% 60% 140%

C34 - C50 (F4) 907 7756774 354 311 12.9% < 10 98% 80% 120% 107% 80% 120% 109% 60% 140%

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Polychlorinated Biphenyls Analysis - Soil

Aroclor 1242 100 7756780 <0.05 <0.05 NA < 0.05 128% 70% 130% 103% 70% 130% 67% 50% 150%

Aroclor 1254 100 7756780 <0.05 <0.05 NA < 0.05 108% 70% 130% 108% 70% 130% 62% 50% 150%

Aroclor 1260 100 7756780 <0.05 <0.05 NA < 0.05 90% 70% 130% 96% 70% 130% 88% 50% 150%

Total Polychlorinated Biphenyls 100 7756780 <0.05 <0.05 NA < 0.05 109% 70% 130% 102% 70% 130% 73% 50% 150%

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E123918

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Trace Organics Analysis

UpperLower
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Limits

BatchPARAMETER
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Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Aug 11, 2016 REFERENCE MATERIAL

Method
Blank

6310 ROPER ROAD
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CANADA T6B 3P9
TEL (780)395-2525
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AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation.



AGAT Western Canada - OC Pesticides (Soil)

DDD (o,p') 7757177 < 0.005 < 0.005 NA < 0.005 106% 60% 140% 84% 60% 140% 88% 60% 140%

pp'-DDD 7757177 < 0.005 < 0.005 NA < 0.005 75% 60% 140% 76% 60% 140% 85% 60% 140%

DDD (o,p' + p,p' ) 7757177 < 0.007 < 0.007 NA < 0.007 91% 60% 140% 77% 60% 140% 87% 60% 140%

op'-DDE 7757177 < 0.005 < 0.005 NA < 0.005 107% 60% 140% 86% 60% 140% 96% 60% 140%

pp'-DDE
 

7757177 < 0.005 < 0.005 NA < 0.005 82% 60% 140% 74% 60% 140% 92% 60% 140%

DDE (Total) 7757177 < 0.007 < 0.007 NA < 0.007 97% 60% 140% 79% 60% 140% 94% 60% 140%

op'-DDT 7757177 < 0.005 < 0.005 NA < 0.005 107% 60% 140% 100% 60% 140% 86% 60% 140%

pp'- DDT 7757177 < 0.005 < 0.005 NA < 0.005 88% 60% 140% 110% 60% 140% 88% 60% 140%

DDT (Total) 7757177 < 0.007 < 0.007 NA < 0.007 98% 60% 140% 105% 60% 140% 87% 60% 140%

 
Comments: When the average of the sample and duplicate results is less than 5x the RDL, the Relative Percent Difference (RPD) will be indicated as Not Applicable (NA).

 

Certified By:

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E123918

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Trace Organics Analysis (Continued)

UpperLower

Acceptable
Limits

BatchPARAMETER
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Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits
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Method
Blank
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not necessarily be included in the scope of accreditation.



Trace Organics Analysis

DDD (o,p') ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

pp'-DDD ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

DDD (o,p' + p,p' ) ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

op'-DDE ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

pp'-DDE ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

DDE (Total) ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

op'-DDT ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

pp'- DDT ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

DDT (Total) ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

Moisture Content MOE E3139 BALANCE

TCMX ORG-91-5112 EPA SW-846 3541 & 8081 GC/ECD

Decachlorobiphenyl ORG-91-5113 EPA SW - 846 3541/8081 GC/ECD

Benzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Benzene TO 0570 EPA SW-846 8260-S GC/MS

Toluene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Toluene TO 0570 EPA SW-846 8260-S GC/MS

Xylenes
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

C6 - C10 (F1)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

Ethylbenzene TO 0570 EPA SW-846 8260-S GC/MS

C6 - C10 (F1 minus BTEX)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

Xylenes TO 0570 EPA SW-846 8260-S GC/MS

C10 - C16 (F2) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C6 - C10 (F1) TO 0570 CCME Tier 1 Method-S L GC/FID

C16 - C34 (F3) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C6 - C10 (F1 minus BTEX) TO 0570 CCME Tier 1 Method-S L GC/FID

C34 - C50 (F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C10 - C16 (F2) TO-0560 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C16 - C34 (F3) TO-0560 CCME Tier 1 Method-S H GC/FID

Moisture Content LAB-175-4002 CCME Tier 1 Method-S % GRAVIMETRIC

C34 - C50 (F4) TO-0560 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons TO-0560 CCME Tier 1 Method-S H GC/FID

Toluene-d8 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Moisture Content TO-0560 CCME Tier 1 Method-S % GRAVIMETRIC

Ethylbenzene-d10 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Toluene-d8 (BTEX) TO 0570 EPA SW-846 8260-S GC/MS

Ethylbenzene-d10 (BTEX) TO 0570 EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) TO 0560 CCME Tier 1 Method-S H GC/FID

Aroclor 1242 TO-0410 EPA SW-846 8082 GC/ECD

Aroclor 1254 TO-0410 EPA SW-846 8082 GC/ECD

Aroclor 1260 TO-0410 EPA SW-846 8082 GC/ECD

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E123918

Method Summary

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 17 of 25



Total Polychlorinated Biphenyls TO-0410 EPA SW-846 8082 GC/ECD

Decachlorobiphenyl TO-0410 EPA SW-846 8082 GC/ECD

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E123918

Method Summary
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CANADA T6B 3P9
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CLIENT NAME: IEG CONSULTANTS LTD
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Laarni Hafso, Laboratory ManagerTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 21

Aug 17, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (780) 395-2525

16E126254AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 21

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-163GS16-162 GS16-169GS16-164 GS16-165 GS16-166 GS16-167 GS16-168SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/9/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/9/2016 8/9/2016 8/9/2016DATE SAMPLED:

77714327771425 7771426 7771427 7771428 7771429 7771430 7771431G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes 0.360.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 10 15 <10 919 548C10 - C16 (F2) 304010mg/kg

81 65 144 97 93 718 916C16 - C34 (F3) 126010mg/kg

37 38 72 59 44 35 42C34 - C50 (F4) 4810mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

5 6 8 7 6 7 6Moisture Content 61%

Acceptable LimitsUnitSurrogate

99 96 95 96 97 99 108Toluene-d8 (BTEX) 107% 50-150

121 113 125 113 121 125 82Ethylbenzene-d10 (BTEX) 76% 50-150

80 84 94 81 78 79 96o-Terphenyl (F2-F4) 72% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-171GS16-170 GS16-177GS16-172 GS16-173 GS16-174 GS16-175 GS16-176SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/9/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/9/2016 8/9/2016 8/9/2016DATE SAMPLED:

77714407771433 7771434 7771435 7771436 7771437 7771438 7771439G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

0.38 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

2970 2080 487 226 35 173 656C10 - C16 (F2) 4510mg/kg

1260 1160 606 304 376 608 703C16 - C34 (F3) 27910mg/kg

37 47 41 25 208 225 66C34 - C50 (F4) 13710mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

7 7 6 7 20 20 7Moisture Content 161%

Acceptable LimitsUnitSurrogate

105 95 96 97 96 95 96Toluene-d8 (BTEX) 96% 50-150

86 95 107 110 115 105 110Ethylbenzene-d10 (BTEX) 110% 50-150

74 76 89 92 82 89 82o-Terphenyl (F2-F4) 81% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-179GS16-178 GS16-185GS16-180 GS16-181 GS16-182 GS16-183 GS16-184SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/9/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/9/2016 8/9/2016 8/9/2016DATE SAMPLED:

77714497771441 7771443 7771444 7771445 7771446 7771447 7771448G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

35 126 22 19 17 16 13C10 - C16 (F2) 24210mg/kg

495 470 438 304 272 245 187C16 - C34 (F3) 52610mg/kg

240 185 240 146 132 119 88C34 - C50 (F4) 14010mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

22 19 24 23 20 20 17Moisture Content 201%

Acceptable LimitsUnitSurrogate

95 93 125 126 125 125 123Toluene-d8 (BTEX) 123% 50-150

112 101 112 116 109 110 116Ethylbenzene-d10 (BTEX) 104% 50-150

102 88 83 108 80 77 76o-Terphenyl (F2-F4) 79% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:
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CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 21



GS16-187GS16-186 GS16-193GS16-188 GS16-189 GS16-190 GS16-191 GS16-192SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/9/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/9/2016 8/9/2016 8/9/2016DATE SAMPLED:

77714667771450 7771451 7771452 7771453 7771454 7771458 7771462G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 0.042 <0.005 <0.005Benzene <0.0050.005mg/kg

0.17 0.24 <0.05 <0.05 1.05 0.30 <0.05Toluene 0.250.05mg/kg

0.02 <0.01 <0.01 <0.01 0.09 0.07 <0.01Ethylbenzene 0.060.01mg/kg

0.06 <0.05 <0.05 <0.05 0.47 0.30 <0.05Xylenes 0.290.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

330 262 61 <10 463 221 252C10 - C16 (F2) 10210mg/kg

180 280 140 38 300 111 137C16 - C34 (F3) 13010mg/kg

67 108 71 33 96 45 28C34 - C50 (F4) 5410mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

10 16 9 6 19 8 8Moisture Content 111%

Acceptable LimitsUnitSurrogate

124 124 127 127 123 121 127Toluene-d8 (BTEX) 126% 50-150

109 111 112 111 112 95 114Ethylbenzene-d10 (BTEX) 111% 50-150

74 81 92 65 88 74 81o-Terphenyl (F2-F4) 73% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-195GS16-194 GS16-201GS16-196 GS16-197 GS16-198 GS16-199 GS16-200SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/10/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/10/2016 8/10/2016 8/10/2016DATE SAMPLED:

77714797771468 7771469 7771474 7771475 7771476 7771477 7771478G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.33 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene 0.200.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01Ethylbenzene 0.130.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 0.57 0.18Xylenes 0.830.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

19 12 16 <10 64 199 221C10 - C16 (F2) 166010mg/kg

147 107 67 45 93 125 119C16 - C34 (F3) 21210mg/kg

52 131 41 36 41 26 32C34 - C50 (F4) 3310mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

12 6 7 5 8 6 6Moisture Content 71%

Acceptable LimitsUnitSurrogate

126 127 127 127 127 128 127Toluene-d8 (BTEX) 89% 50-150

111 107 109 109 114 126 124Ethylbenzene-d10 (BTEX) 87% 50-150

75 95 81 90 77 75 79o-Terphenyl (F2-F4) 69% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-203GS16-202 GS16-209GS16-204 GS16-205 GS16-206 GS16-207 GS16-208SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/10/20168/10/2016 8/10/2016 8/10/20168/10/2016 8/10/2016 8/10/2016 8/10/2016DATE SAMPLED:

77714877771480 7771481 7771482 7771483 7771484 7771485 7771486G / S RDLUnitParameter

0.042 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.56 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

0.85 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

984 738 118 <10 875 2120 2880C10 - C16 (F2) 50710mg/kg

138 232 163 37 490 1060 1020C16 - C34 (F3) 12910mg/kg

33 44 34 18 32 60 49C34 - C50 (F4) 3510mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

6 11 10 5 9 11 14Moisture Content 121%

Acceptable LimitsUnitSurrogate

85 80 81 82 81 80 76Toluene-d8 (BTEX) 76% 50-150

108 104 99 96 108 108 122Ethylbenzene-d10 (BTEX) 117% 50-150

73 79 74 74 93 92 86o-Terphenyl (F2-F4) 78% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-211GS16-210 GS16-217GS16-212 GS16-213 GS16-214 GS16-215 GS16-216SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/11/20168/11/2016 8/11/2016 8/11/20168/11/2016 8/11/2016 8/11/2016 8/11/2016DATE SAMPLED:

77714957771488 7771489 7771490 7771491 7771492 7771493 7771494G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 11 <10 14 <10 <10C10 - C16 (F2) 1210mg/kg

40 24 58 32 33 21 50C16 - C34 (F3) 4010mg/kg

22 <10 20 13 10 <10 16C34 - C50 (F4) 1510mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

9 12 5 8 5 5 7Moisture Content 81%

Acceptable LimitsUnitSurrogate

102 80 81 96 77 82 79Toluene-d8 (BTEX) 81% 50-150

107 93 99 104 109 113 106Ethylbenzene-d10 (BTEX) 89% 50-150

90 79 84 82 88 84 110o-Terphenyl (F2-F4) 96% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 8 of 21



GS16-219GS16-218 GS16-225GS16-220 GS16-221 GS16-222 GS16-223 GS16-224SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/11/20168/11/2016 8/11/2016 8/11/20168/11/2016 8/11/2016 8/11/2016 8/11/2016DATE SAMPLED:

77715037771496 7771497 7771498 7771499 7771500 7771501 7771502G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

<10 <10 1070 <10 43 12 <10C10 - C16 (F2) <1010mg/kg

25 43 426 24 111 69 43C16 - C34 (F3) 4610mg/kg

<10 15 28 <10 42 54 32C34 - C50 (F4) 4310mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

6 6 4 3 3 5 5Moisture Content 51%

Acceptable LimitsUnitSurrogate

96 81 80 79 94 90 95Toluene-d8 (BTEX) 90% 50-150

103 99 98 109 103 117 97Ethylbenzene-d10 (BTEX) 112% 50-150

95 97 92 98 63 79 69o-Terphenyl (F2-F4) 77% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 9 of 21



GS16-227GS16-226 GS16-111 1.0mGS16-228 GS16-229 GS16-230 GS16-109 1.0m GS16-110 1.0mSAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/11/20168/11/2016 8/11/2016 8/11/20168/11/2016 8/4/2016 8/9/2016 8/9/2016DATE SAMPLED:

77715117771504 7771505 7771506 7771507 7771508 7771509 7771510G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 0.28 0.08 0.16 0.66 6.82Toluene 2.510.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene 0.960.01mg/kg

<0.05 <0.05 0.05 <0.05 <0.05 <0.05 0.15Xylenes 4.150.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) 2210mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) 1410mg/kg

20 <10 381 37 28 103 112C10 - C16 (F2) 240010mg/kg

87 102 828 616 499 929 2710C16 - C34 (F3) 300010mg/kg

40 31 239 312 272 452 1310C34 - C50 (F4) 58010mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

4 4 30 31 27 46 52Moisture Content 371%

Acceptable LimitsUnitSurrogate

92 91 91 92 88 92 95Toluene-d8 (BTEX) 89% 50-150

103 108 114 114 115 114 105Ethylbenzene-d10 (BTEX) 117% 50-150

66 69 66 72 79 86 83o-Terphenyl (F2-F4) 30% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS16-113 1.0mGS16-112 1.0m GS16-119 1.0mGS16-114 1.0m GS16-115 1.0m GS16-116 1.0m GS16-117 1.0m GS16-118 1.0mSAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/9/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/9/2016 8/9/2016 8/9/2016DATE SAMPLED:

77715197771512 7771513 7771514 7771515 7771516 7771517 7771518G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 0.444 <0.005 <0.005Benzene <0.0050.005mg/kg

0.12 <0.05 0.06 1.04 5.26 0.18 1.49Toluene 2.020.05mg/kg

<0.01 <0.01 <0.01 0.15 1.11 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 0.69 6.22 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 21 73 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 19 60 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

55 <10 32 881 621 108 155C10 - C16 (F2) 22610mg/kg

492 <10 59 1350 1190 2350 783C16 - C34 (F3) 126010mg/kg

280 40 70 469 538 <10 401C34 - C50 (F4) 66410mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

28 17 14 31 40 48 45Moisture Content 731%

Acceptable LimitsUnitSurrogate

86 97 95 105 104 88 83Toluene-d8 (BTEX) 96% 50-150

125 102 102 88 101 119 120Ethylbenzene-d10 (BTEX) 114% 50-150

87 71 78 82 86 84 92o-Terphenyl (F2-F4) 87% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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Dup - 14GS16-120 1.0m Dup - 21Dup - 15 Dup - 16 Dup - 17 Dup - 18 Dup - 20SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/10/20168/9/2016 8/9/2016 8/9/20168/9/2016 8/11/2016 8/11/2016 8/10/2016DATE SAMPLED:

77715277771520 7771521 7771522 7771523 7771524 7771525 7771526G / S RDLUnitParameter

0.471 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

2.36 <0.05 <0.05 0.10 <0.05 <0.05 <0.05Toluene 0.070.05mg/kg

0.56 <0.01 <0.01 0.02 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

2.51 <0.05 <0.05 0.06 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

11 <10 <10 17 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 17 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

242 <10 18 348 20 <10 48C10 - C16 (F2) 71110mg/kg

550 70 261 185 65 64 143C16 - C34 (F3) 121010mg/kg

176 12 128 60 10 33 28C34 - C50 (F4) 27510mg/kg

NA NA NA NA NA NA NAGravimetric Heavy Hydrocarbons NA1000mg/kg

52 6 25 10 7 8 5Moisture Content 311%

Acceptable LimitsUnitSurrogate

94 91 92 94 93 93 92Toluene-d8 (BTEX) 93% 50-150

100 75 89 98 86 78 75Ethylbenzene-d10 (BTEX) 96% 50-150

97 101 83 88 88 109 88o-Terphenyl (F2-F4) 110% 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7771425-7771527 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Total C6 - C50 results are corrected for BTEX and PAH contributions (if requested).
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
Extraction and holding times were met for this sample.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-14

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E126254

DATE REPORTED: 2016-08-17

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)
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Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1389 7771275 < 0.005 < 0.005 NA < 0.005 115% 80% 120% 84% 80% 120% 100% 60% 140%

Toluene 1389 7771275 < 0.05 < 0.05 NA < 0.05 108% 80% 120% 80% 80% 120% 98% 60% 140%

Ethylbenzene 1389 7771275 < 0.01 < 0.01 NA < 0.01 98% 80% 120% 80% 80% 120% 93% 60% 140%

Xylenes 1389 7771275 < 0.05 < 0.05 NA < 0.05 107% 80% 120% 81% 80% 120% 100% 60% 140%

C6 - C10 (F1)
 

1389 7771275 < 10 < 10 NA < 10 103% 80% 120% 119% 80% 120% 134% 60% 140%

C10 - C16 (F2) 861 7771441 35 49 NA < 10 106% 80% 120% 99% 80% 120% 86% 60% 140%

C16 - C34 (F3) 861 7771441 467 405 14.2% < 10 111% 80% 120% 91% 80% 120% 86% 60% 140%

C34 - C50 (F4) 861 7771441 240 217 10.1% < 10 118% 80% 120% 94% 80% 120% 87% 60% 140%

Moisture Content 861 7771441 22 22 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1390 7771491 < 0.005 < 0.005 NA < 0.005 106% 80% 120% 117% 80% 120% 120% 60% 140%

Toluene 1390 7771491 < 0.05 < 0.05 NA < 0.05 99% 80% 120% 95% 80% 120% 122% 60% 140%

Ethylbenzene 1390 7771491 < 0.01 < 0.01 NA < 0.01 89% 80% 120% 92% 80% 120% 117% 60% 140%

Xylenes 1390 7771491 < 0.05 < 0.05 NA < 0.05 99% 80% 120% 95% 80% 120% 124% 60% 140%

C6 - C10 (F1)
 

1390 7771491 < 10 < 10 NA < 10 111% 80% 120% 85% 80% 120% 91% 60% 140%

C10 - C16 (F2) 835 7771491 <10 <10 NA < 10 93% 80% 120% 112% 80% 120% 113% 60% 140%

C16 - C34 (F3) 835 7771491 32 37 14.0% < 10 97% 80% 120% 99% 80% 120% 101% 60% 140%

C34 - C50 (F4) 835 7771491 13 14 7.0% < 10 95% 80% 120% 103% 80% 120% 106% 60% 140%

Moisture Content 835 7771491 8 7 13.3% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E126254

Dup #1 RPD
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Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Trace Organics Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
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Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Aug 17, 2016 REFERENCE MATERIAL

Method
Blank

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490
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AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation.



Trace Organics Analysis

Benzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Toluene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Xylenes
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

C6 - C10 (F1)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C6 - C10 (F1 minus BTEX)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C10 - C16 (F2) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C16 - C34 (F3) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C34 - C50 (F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Moisture Content LAB-175-4002 CCME Tier 1 Method-S % GRAVIMETRIC

Toluene-d8 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene-d10 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E126254

Method Summary

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 14 of 21



Page 15 of 21



Page 16 of 21



Page 17 of 21



Page 18 of 21



Page 19 of 21



Page 20 of 21



Page 21 of 21



CLIENT NAME: IEG CONSULTANTS LTD
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Melinda Guay, Technical ReviewerTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 15

Aug 22, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (780) 395-2525

16E128870AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 15

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-234GS16-231 GS16-240GS16-235 GS16-236 GS16-237 GS16-238 GS16-239SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77892317789216 7789225 7789226 7789227 7789228 7789229 7789230G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

<0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 0.39 0.36 0.06 <0.05 <0.05Xylenes 0.120.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

85 46 2150 3100 1890 340 <10C10 - C16 (F2) 71910mg/kg

157 176 1070 1340 1100 399 33C16 - C34 (F3) 44210mg/kg

27 41 25 28 30 19 <10C34 - C50 (F4) 2310mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

6 13 8 9 8 9 6Moisture Content 91%

Acceptable LimitsUnitSurrogate

101 100 99 98 98 100 100Toluene-d8 (BTEX) 100% 50-150

119 101 136 98 81 96 115Ethylbenzene-d10 (BTEX) 118% 50-150

88 89 101 101 99 94 91o-Terphenyl (F2-F4) 90% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 15



GS16-242GS16-241 GS16-248GS16-243 GS16-244 GS16-245 GS16-246 GS16-247SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77892397789232 7789233 7789234 7789235 7789236 7789237 7789238G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 0.06 <0.05 <0.05 0.09Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.57Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

668 322 81 16 54 10 113C10 - C16 (F2) 27310mg/kg

649 531 350 164 190 44 96C16 - C34 (F3) 12610mg/kg

35 78 116 68 67 25 25C34 - C50 (F4) 2610mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

9 19 21 13 20 10 10Moisture Content 101%

Acceptable LimitsUnitSurrogate

99 99 99 99 99 100 100Toluene-d8 (BTEX) 100% 50-150

91 93 89 93 97 95 109Ethylbenzene-d10 (BTEX) 130% 50-150

89 92 99 85 88 89 105o-Terphenyl (F2-F4) 85% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 15



GS16-250GS16-249 GS16-256GS16-251 GS16-252 GS16-253 GS16-254 GS16-255SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77892527789240 7789241 7789242 7789243 7789245 7789246 7789247G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 0.009 <0.005Benzene <0.0050.005mg/kg

0.18 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Toluene <0.050.05mg/kg

0.06 0.04 <0.01 <0.01 0.03 0.01 <0.01Ethylbenzene <0.010.01mg/kg

0.41 0.50 0.11 0.06 0.21 0.23 <0.05Xylenes 0.170.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

748 684 709 611 641 2180 502C10 - C16 (F2) 42810mg/kg

170 140 141 209 259 1120 203C16 - C34 (F3) 35210mg/kg

38 29 30 50 14 37 <10C34 - C50 (F4) 2510mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

15 15 10 10 10 15 9Moisture Content 81%

Acceptable LimitsUnitSurrogate

99 99 99 100 85 86 82Toluene-d8 (BTEX) 78% 50-150

78 76 87 108 138 127 112Ethylbenzene-d10 (BTEX) 105% 50-150

83 81 88 88 104 107 102o-Terphenyl (F2-F4) 127% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 15



Dup-22GS16-257 GS16-260Dup-23 GS16-232 GS16-233 GS16-258 GS16-259SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77892867789253 7789254 7789255 7789276 7789283 7789284 7789285G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 0.05 0.05 <0.05 <0.05 0.15Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 0.06 0.08Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

41 45 262 213 13 184 150C10 - C16 (F2) 1110mg/kg

69 67 427 373 297 77 99C16 - C34 (F3) 3110mg/kg

11 <10 73 97 145 19 19C34 - C50 (F4) <1010mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

13 16 28 22 24 10 12Moisture Content 91%

Acceptable LimitsUnitSurrogate

86 78 84 80 81 82 82Toluene-d8 (BTEX) 82% 50-150

131 106 125 116 122 124 109Ethylbenzene-d10 (BTEX) 117% 50-150

99 98 101 106 99 101 119o-Terphenyl (F2-F4) 104% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 5 of 15



GS16-262GS16-261 GS16-268GS16-263 GS16-264 GS16-265 GS16-266 GS16-267SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77892977789288 7789289 7789290 7789291 7789294 7789295 7789296G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 0.10 0.11 0.06 <0.05 <0.05 0.10Toluene <0.050.05mg/kg

<0.01 0.04 <0.01 0.11 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 0.16 0.11 1.45 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

129 172 168 2080 <10 441 43C10 - C16 (F2) <1010mg/kg

112 168 150 615 39 795 246C16 - C34 (F3) 17610mg/kg

26 44 41 15 16 161 79C34 - C50 (F4) 6810mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

13 15 12 10 14 34 31Moisture Content 281%

Acceptable LimitsUnitSurrogate

81 82 79 82 79 79 80Toluene-d8 (BTEX) 80% 50-150

114 106 124 118 107 130 138Ethylbenzene-d10 (BTEX) 126% 50-150

106 104 100 98 103 104 116o-Terphenyl (F2-F4) 96% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 6 of 15



GS16-270GS16-269 GS16-276GS16-271 GS16-272 GS16-273 GS16-274 GS16-275SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/18/20168/18/2016 8/18/2016 8/18/20168/18/2016 8/18/2016 8/18/2016 8/18/2016DATE SAMPLED:

77893067789299 7789300 7789301 7789302 7789303 7789304 7789305G / S RDLUnitParameter

<0.005 0.010 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.09 <0.05 <0.05 <0.05 <0.05 0.05 <0.05Toluene <0.050.05mg/kg

<0.01 0.02 <0.01 <0.01 0.03 0.01 <0.01Ethylbenzene <0.010.01mg/kg

<0.05 0.22 0.05 0.10 0.40 0.76 <0.05Xylenes <0.050.05mg/kg

<10 26 <10 <10 <10 10 <10C6 - C10 (F1) <1010mg/kg

<10 26 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

29 2470 1380 1230 2350 2080 95C10 - C16 (F2) 28610mg/kg

408 1290 1360 1010 1700 1340 130C16 - C34 (F3) 32610mg/kg

213 52 69 57 94 72 35C34 - C50 (F4) 7210mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

29 9 11 13 17 15 8Moisture Content 91%

Acceptable LimitsUnitSurrogate

98 93 95 95 94 95 98Toluene-d8 (BTEX) 98% 50-150

79 97 66 67 67 71 75Ethylbenzene-d10 (BTEX) 76% 50-150

105 88 84 86 99 89 100o-Terphenyl (F2-F4) 107% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 7 of 15



Dup-24SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

8/18/2016DATE SAMPLED:

7789307G / S RDLUnitParameter

<0.005Benzene 0.005mg/kg

<0.05Toluene 0.05mg/kg

0.02Ethylbenzene 0.01mg/kg

0.88Xylenes 0.05mg/kg

21C6 - C10 (F1) 10mg/kg

20C6 - C10 (F1 minus BTEX) 10mg/kg

2540C10 - C16 (F2) 10mg/kg

1460C16 - C34 (F3) 10mg/kg

63C34 - C50 (F4) 10mg/kg

N/AGravimetric Heavy Hydrocarbons 1000mg/kg

8Moisture Content 1%

Acceptable LimitsUnitSurrogate

96Toluene-d8 (BTEX) % 50-150

68Ethylbenzene-d10 (BTEX) % 50-150

99o-Terphenyl (F2-F4) % 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7789216-7789307 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Total C6 - C50 results are corrected for BTEX and PAH contributions (if requested).
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
Extraction and holding times were met for this sample.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-20

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E128870

DATE REPORTED: 2016-08-22

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 8 of 15



Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1019 7789216 < 0.005 < 0.005 NA < 0.005 107% 80% 120% 100% 80% 120% 99% 60% 140%

Toluene 1019 7789216 < 0.05 < 0.05 NA < 0.05 114% 80% 120% 97% 80% 120% 99% 60% 140%

Ethylbenzene 1019 7789216 < 0.01 < 0.01 NA < 0.01 119% 80% 120% 89% 80% 120% 90% 60% 140%

Xylenes 1019 7789216 < 0.05 < 0.05 NA < 0.05 117% 80% 120% 85% 80% 120% 89% 60% 140%

C6 - C10 (F1)
 

1019 7789216 < 10 < 10 NA < 10 93% 80% 120% 113% 80% 120% 135% 60% 140%

C10 - C16 (F2) 1028 7789216 85 72 16.6% < 10 84% 80% 120% 86% 80% 120% 83% 60% 140%

C16 - C34 (F3) 1028 7789216 157 131 18.1% < 10 87% 80% 120% 82% 80% 120% 74% 60% 140%

C34 - C50 (F4) 1028 7789216 27 20 NA < 10 87% 80% 120% 83% 80% 120% 74% 60% 140%

Moisture Content 1028 7789216 6 7 15.4% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E128870

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Trace Organics Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Aug 22, 2016 REFERENCE MATERIAL

Method
Blank

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 9 of 15

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation.



Trace Organics Analysis

Benzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Toluene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Xylenes
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

C6 - C10 (F1)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C6 - C10 (F1 minus BTEX)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C10 - C16 (F2) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C16 - C34 (F3) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C34 - C50 (F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Moisture Content LAB-175-4002 CCME Tier 1 Method-S % GRAVIMETRIC

Toluene-d8 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene-d10 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E128870

Method Summary

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 10 of 15
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CLIENT NAME: IEG CONSULTANTS LTD
500-2618 HOPEWELL PLACE NE
CALGARY, AB   T1Y7J7    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

Shanna Mills, Inorganics ManagerSOIL ANALYSIS REVIEWED BY:

Ngoc (Ruby) Vu, Lab TechnicianTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 14

Sep 03, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (780) 395-2525

16E131607AGAT WORK ORDER:

ATTENTION TO: Konrad Ross

PROJECT: A04012A08

Laboratories (V1) Page 1 of 14

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



GS16-295SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

8/22/2016DATE SAMPLED:

7808878G / S RDLUnitParameter

7.55pH (1:1 Water:Soil extraction) 2.0-12.5pH Units

NegFree Liquid N/ANegPos/Neg

<0.5Antimony - Leachate 0.5500mg/L

<0.5Arsenic - Leachate 0.55.00mg/L

<0.5Barium - Leachate 0.5100mg/L

<0.5Beryllium - Leachate 0.55.0mg/L

0.6Boron - Leachate 0.5500mg/L

<0.5Cadmium - Leachate 0.51.00mg/L

<0.5Chromium - Leachate 0.55.00mg/L

<0.5Cobalt - Leachate 0.5100mg/L

<0.5Copper - Leachate 0.5100mg/L

2.2Iron - Leachate 0.51000mg/L

<0.5Lead - Leachate 0.55.00mg/L

<0.1Mercury - Leachate 0.10.200mg/L

<0.5Nickel - Leachate 0.55.00mg/L

<0.5Selenium - Leachate 0.51.00mg/L

<0.5Silver - Leachate 0.55.00mg/L

<0.5Thallium - Leachate 0.55.00mg/L

<0.5Uranium - Leachate 0.52.00mg/L

<0.5Vanadium - Leachate 0.5100mg/L

<1Zinc - Leachate 1500mg/L

<0.5Zirconium - Leachate 0.5500mg/L

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Class 2 Landfill

7808878 Analysis based on "as received"

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-27

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E131607

DATE REPORTED: 2016-09-03

PROJECT: A04012A08

Landfill - Inorganics - Class II

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 14



GS16-295SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

8/22/2016DATE SAMPLED:

7808878G / S RDLUnitParameter

>100Flash point (Closed Cup) 61.0 -Deg C

<0.005Benzene - Leachable 0.0050.5mg/L

<0.005Toluene - Leachable 0.0050.5mg/L

<0.005Ethylbenzene - Leachable 0.0050.5mg/L

<0.005Xylenes - Leachable 0.0050.5mg/L

Acceptable LimitsUnitSurrogate

96Toluene-d8 (BTEX) % 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Class 2 Landfill

7808878 Flashpoint corrected to Sea Level.
Zero Headspace Extraction for Leachable BTEX.
Xylenes – Leachable is a calculated parameter. The calculated value is the sum of m&p-Xylenes - Leachable + o-Xylene – Leachable.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-27

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E131607

DATE REPORTED: 2016-09-03

PROJECT: A04012A08

Landfill - Organics - Class II

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 14



GS16-278GS16-277 GS16-284GS16-279 GS16-280 GS16-281 GS16-282 GS16-283SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/22/20168/22/2016 8/22/2016 8/22/20168/22/2016 8/22/2016 8/22/2016 8/22/2016DATE SAMPLED:

78088677808860 7808861 7808862 7808863 7808864 7808865 7808866G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07Toluene <0.050.05mg/kg

0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Ethylbenzene <0.010.01mg/kg

0.25 0.21 0.30 <0.05 <0.05 <0.05 <0.05Xylenes <0.050.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

1320 3240 5140 1000 604 146 103C10 - C16 (F2) <1010mg/kg

890 1250 2410 731 544 192 65C16 - C34 (F3) 4610mg/kg

15 33 34 21 23 19 18C34 - C50 (F4) 1410mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

12 7 11 10 10 8 8Moisture Content 71%

Acceptable LimitsUnitSurrogate

98 99 98 104 100 99 99Toluene-d8 (BTEX) 100% 50-150

78 125 115 132 136 145 107Ethylbenzene-d10 (BTEX) 84% 50-150

75 80 86 74 90 84 90o-Terphenyl (F2-F4) 85% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-27

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E131607

DATE REPORTED: 2016-09-03

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 14



GS16-286GS16-285 GS16-292GS16-287 GS16-288 GS16-289 GS16-290 GS16-291SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

8/22/20168/22/2016 8/22/2016 8/22/20168/22/2016 8/22/2016 8/22/2016 8/22/2016DATE SAMPLED:

78088757808868 7808869 7808870 7808871 7808872 7808873 7808874G / S RDLUnitParameter

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005Benzene <0.0050.005mg/kg

0.11 <0.05 0.30 0.14 <0.05 <0.05 0.15Toluene <0.050.05mg/kg

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03Ethylbenzene <0.010.01mg/kg

<0.05 <0.05 <0.05 0.11 <0.05 <0.05 0.17Xylenes 0.110.05mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1) <1010mg/kg

<10 <10 <10 <10 <10 <10 <10C6 - C10 (F1 minus BTEX) <1010mg/kg

21 34 163 121 354 314 620C10 - C16 (F2) 46710mg/kg

77 67 186 128 126 115 180C16 - C34 (F3) 14110mg/kg

28 21 63 38 20 21 16C34 - C50 (F4) 2310mg/kg

N/A N/A N/A N/A N/A N/A N/AGravimetric Heavy Hydrocarbons N/A1000mg/kg

8 7 13 9 6 5 9Moisture Content 71%

Acceptable LimitsUnitSurrogate

101 100 100 99 101 100 100Toluene-d8 (BTEX) 102% 50-150

139 122 132 131 137 149 145Ethylbenzene-d10 (BTEX) 120% 50-150

90 91 81 79 82 78 77o-Terphenyl (F2-F4) 81% 50-150

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-27

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E131607

DATE REPORTED: 2016-09-03

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 5 of 14



GS16-294GS16-293SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

8/22/20168/22/2016DATE SAMPLED:

7808876 7808877G / S RDLUnitParameter

<0.005 <0.005Benzene 0.005mg/kg

<0.05 <0.05Toluene 0.05mg/kg

<0.01 <0.01Ethylbenzene 0.01mg/kg

<0.05 <0.05Xylenes 0.05mg/kg

<10 <10C6 - C10 (F1) 10mg/kg

<10 <10C6 - C10 (F1 minus BTEX) 10mg/kg

63 78C10 - C16 (F2) 10mg/kg

70 58C16 - C34 (F3) 10mg/kg

22 <10C34 - C50 (F4) 10mg/kg

N/A N/AGravimetric Heavy Hydrocarbons 1000mg/kg

6 6Moisture Content 1%

Acceptable LimitsUnitSurrogate

101 100Toluene-d8 (BTEX) % 50-150

133 89Ethylbenzene-d10 (BTEX) % 50-150

89 83o-Terphenyl (F2-F4) % 50-150

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

7808860-7808877 Results are based on the dry weight of the sample.
The C6-C10 (F1) fraction is calculated using toluene response factor.
The C10 - C16 (F2), C16 - C34 (F3), and C34 - C50 (F4) fractions are calculated using the average response factor for n-C10, n-C16, and n-C34.
Gravimetric Heavy Hydrocarbons (F4g) are not included in and cannot be added to the Total C6-C50 and are only determined if the chromatogram of the C34 - C50 hydrocarbons indicates that 
hydrocarbons >C50 are present.
Total C6 - C50 results are corrected for BTEX and PAH contributions (if requested).
Quality control data is available upon request.
Assistance in the interpretation of data is available upon request.
This method complies with the Reference Method for the CWS PHC and is validated for use in the laboratory.
nC6 and nC10 response factors are within 30% of Toluene response factor.
nC10, nC16 and nC34 response factors are within 10% of their average.
C50 response factor is within 70% of nC10 + nC16 + nC34 average.
Linearity is within 15%.
The chromatogram returned to baseline by the retention time of nC50.
Extraction and holding times were met for this sample.
C6 –C10 (F1 minus BTEX) is a calculated parameter.  The calculated value is F1 minus BTEX. 
Xylenes is a calculated parameter. The calculated value is the sum of m&p-Xylenes + o-Xylene.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-08-27

Certificate of Analysis

ATTENTION TO: Konrad RossCLIENT NAME: IEG CONSULTANTS LTD

AGAT WORK ORDER: 16E131607

DATE REPORTED: 2016-09-03

PROJECT: A04012A08

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

SAMPLED BY:SAMPLING SITE:

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 6 of 14



Landfill - Inorganics - Class II

pH (1:1 Water:Soil extraction) 242 7809564 10.31 10.39 0.8% < 100% 90% 110%

Free Liquid 242 7809564 Neg Neg 0.0% N/A

Antimony - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 96% 80% 120% 98% 80% 120%

Arsenic - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 109% 80% 120% 102% 80% 120%

Barium - Leachate
 

243 7809564 2.7 2.9 5.7% < 0.5 93% 80% 120% 104% 80% 120%

Beryllium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 95% 80% 120% 107% 80% 120%

Boron - Leachate 243 7809564 0.7 1.1 NA < 0.5 99% 80% 120% 103% 80% 120%

Cadmium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 102% 80% 120% 104% 80% 120%

Chromium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 97% 80% 120% 105% 80% 120%

Cobalt - Leachate
 

243 7809564 <0.5 <0.5 NA < 0.5 97% 80% 120% 95% 80% 120%

Copper - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 94% 80% 120% 104% 80% 120%

Iron - Leachate 243 7809564 5.6 5.5 1.6% < 0.5 104% 80% 120% 106% 80% 120%

Lead - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 102% 80% 120% 100% 80% 120%

Mercury - Leachate 243 7809564 <0.1 <0.1 NA < 0.1 111% 80% 120% 106% 80% 120%

Nickel - Leachate
 

243 7809564 <0.5 <0.5 NA < 0.5 102% 80% 120% 104% 80% 120%

Selenium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 106% 80% 120% 107% 80% 120%

Silver - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 93% 80% 120% 91% 80% 120%

Thallium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 99% 80% 120% 107% 80% 120%

Uranium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 98% 80% 120% 96% 80% 120%

Vanadium - Leachate
 

243 7809564 <0.5 <0.5 NA < 0.5 95% 80% 120% 105% 80% 120%

Zinc - Leachate 243 7809564 <1 <1 NA < 1 105% 80% 120% 100% 80% 120%

Zirconium - Leachate 243 7809564 <0.5 <0.5 NA < 0.5 107% 80% 120% 103% 80% 120%

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
If Matrix spike value is NA, the spiked analyte concentration was lower than that of the matrix contribution.

 

Certified By:

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E131607

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Sep 03, 2016 REFERENCE MATERIAL

Method
Blank

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 7 of 14

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation.



Landfill - Organics - Class II

Flash point (Closed Cup) 1505 Butanol 39 40 2.5% < 111% 80% 120%

Benzene - Leachable 1402 7808859 < 0.005 < 0.005 NA < 0.005 111% 80% 120% 118% 80% 120% 125% 70% 130%

Toluene - Leachable 1402 7808859 < 0.005 < 0.005 NA < 0.005 96% 80% 120% 103% 80% 120% 103% 70% 130%

Ethylbenzene - Leachable 1402 7808859 < 0.005 < 0.005 NA < 0.005 82% 80% 120% 82% 80% 120% 86% 70% 130%

Xylenes - Leachable 
 

1402 7808859 < 0.005 < 0.005 NA < 0.005 85% 80% 120% 90% 80% 120% 95% 60% 140%

Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 1030 7808862 < 0.005 < 0.005 NA < 0.005 84% 80% 120% 116% 80% 120% 124% 60% 140%

Toluene 1030 7808862 < 0.05 < 0.05 NA < 0.05 91% 80% 120% 114% 80% 120% 128% 60% 140%

Ethylbenzene 1030 7808862 < 0.01 < 0.01 NA < 0.01 85% 80% 120% 120% 80% 120% 125% 60% 140%

Xylenes 1030 7808862 0.30 0.37 20.9% < 0.05 88% 80% 120% 116% 80% 120% 127% 60% 140%

C6 - C10 (F1)
 

1030 7808862 < 10 < 10 NA < 10 100% 80% 120% 93% 80% 120% 78% 60% 140%

C10 - C16 (F2) 932 7808862 5140 3950 26.2% < 10 84% 80% 120% 105% 80% 120% 72% 60% 140%

C16 - C34 (F3) 932 7808862 2410 1850 26.3% < 10 93% 80% 120% 90% 80% 120% 69% 60% 140%

C34 - C50 (F4) 932 7808862 34 28 NA < 10 96% 80% 120% 98% 80% 120% 80% 60% 140%

Moisture Content 932 7808862 11 11 0.0% < 1

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E131607

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

Trace Organics Analysis

UpperLower
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UpperLower

Acceptable
Limits
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Blank
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Soil Analysis

pH (1:1 Water:Soil extraction) INOR-171-6207 HENDERSHOT 2007 PH METER

Free Liquid INOR-171-6012 EPA SW- 846-9095B Paint Filter Test

Antimony - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Arsenic - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Barium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Beryllium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Boron - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Cadmium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Chromium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Cobalt - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Copper - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Iron - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Lead - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Mercury - Leachate SOIL 0420; INST 0140 In-House Leachate; EATON 2005 ICP/OES

Nickel - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Selenium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Silver - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Thallium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Uranium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Vanadium - Leachate INOR-171-6011, INOR-6201 In-House Leachate;EATON 2005 ICP/OES

Zinc - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Zirconium - Leachate INOR-171-6011, INOR-6201 In-House Leachate; EATON 2005 ICP/OES

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E131607

Method Summary

ATTENTION TO: Konrad Ross

CLIENT NAME: IEG CONSULTANTS LTD

PROJECT: A04012A08

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 9 of 14



Trace Organics Analysis

Flash point (Closed Cup) ORG-170-5210 ASTM D93-02A
PENSKY-MARTENS CLOSED 
CUP

Benzene - Leachable ORG-170-5100/5430/5440 In-House Leachate GC/MS

Toluene - Leachable ORG-170-5100/5430/5440 In-House Leachate GC/MS

Ethylbenzene - Leachable ORG-170-5100/5430/5440 In-House Leachate GC/MS

Xylenes - Leachable ORG-170-5100/5430/5440 In-House Leachate GC/MS

Toluene-d8 (BTEX) ORG-170-5100/5430/5440 In-House Leachate GC/MS

Benzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Toluene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Xylenes
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

C6 - C10 (F1)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C6 - C10 (F1 minus BTEX)
ORG-170-
5110/5140/5430/5440

CCME Tier 1 Method-S L GC/FID

C10 - C16 (F2) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C16 - C34 (F3) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

C34 - C50 (F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Gravimetric Heavy Hydrocarbons ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Moisture Content LAB-175-4002 CCME Tier 1 Method-S % GRAVIMETRIC

Toluene-d8 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

Ethylbenzene-d10 (BTEX)
ORG-170-
5110/5140/5430/5440

EPA SW-846 8260-S GC/MS

o-Terphenyl (F2-F4) ORG-170-5120/5300 CCME Tier 1 Method-S H GC/FID

Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 16E131607

Method Summary
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