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EXECUTIVE SUMMARY 

Shell Canada Energy (Shell) retained IEG Consultants Ltd (IEG) to provide environmental supervision 
during a Decommissioning Program at Camp Farewell (Site) 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 Site is leased and under the stewardship of Shell since the early 1970’s. Historically, the Site was 
utilized as a staging area for seismic and drilling operations. In addition, the Site was used for camp 
facilities and the storage of equipment and fuel. The Site is currently inactive. Currently one 93,000 L 
diesel fuel storage above ground storage tank (AST) remains in use and exists on-Site adjacent to the 
camp building. 

Recent activities at the Site have been limited to those involved in the closure and decommissioning 
of the Site. Activities have included dismantling and removal of infrastructure, removal of stockpiled 
materials and consumables, remediation and assessment activities, and environmental monitoring 
work. 

The field portion of the Decommissioning Program was conducted between August 7, 2014 and 
September 18, 2014.  

Infrastructure and materials were decommissioned and removed strategically and required the use of 
equipment including a back hoe, bull dozer, skid steer, and loaders. Shed #2, Shed #3, and the camp 
building were disassembled. Materials that could be recycled such as metals were separated from 
debris and waste material, for shipment to appropriate facilities.  

On August 13, 2014, two barges loaded with approximately 410 rig mats, three loaders, a hydro vac 
truck, and miscellaneous materials including office furniture, scrap metal, and piping, departed the 
Site for Hay River.  

Additional barges arrived at Site in late August for transport of the remaining infrastructure and 
materials. Materials to be barged included scrap metal, cable wire, assorted hoses, assorted pieces of 
pipe, five gallon pails of nuts, bolts and screws, pieces of conduit, steel caps, pup joints, tarps, rolls of 
polyliner, absorbants, steel skis for sleighs, large drums of jet fuel and engine oil, and assorted 
chemicals in small quantities. Approximately 18 m3 of remaining waste soil from the 2014 
remediation program was packed into soil bags or wooden crates and also loaded on the barge. The 
barges departed Site on September 18, 2014. 

Rig mats and large pieces of metal were stacked on the barges while smaller materials were 
transported in 1 m by 1 m wooden crates or Seacans. Rig mats were placed down to avoid rutting and 
protect the river shore during the loading of the barges. 

Wood materials containing no paint or contaminants were burned in a burn pit located on the 
southeast corner of the Site.  
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Remaining contents of the tank farm on-Site were transferred with a pump to a small portable AST. 
ASTs at the on-Site tank farm are currently empty. 

As a result of the investigative sampling conducted on August 14, 2014, PHC parameters F2 and F3 
were identified as contaminants in the dirt floor of Shed #1. Further investigation is recommended in 
this area during the 2015 Environmental Site Assessment (ESA). 

As a component of barite, barium is not considered a significant contaminant. To confirm this 
conclusion, it is recommended that soil samples exceeding the applicable guideline for total barium 
during the 2015 ESA be further analyzed for extractable barium and true total barium by fusion. 
Analytical results for extractable barium and true total barium parameters should be compared to the 
Alberta Environment Soil Remediation Guidelines for Barite: Environmental Health and Human 
Health. 
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1 INTRODUCTION 

Shell Canada Energy (Shell) retained IEG Consultants Ltd. (IEG) to provide environmental supervision 
services during the 2014 Decommissioning Program at Camp Farewell (Site). Camp Farewell is 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 of environmental supervision services undertaken during 
the 2014 Decommissioning Program. 

The 2014 Decommissioning Program entailed the dismantling and removal of the camp and two shed 
buildings; the packaging and removal of materials stored inside the buildings and on-Site; packaging 
and removal of waste material remaining from the 2013 Lagoon Remediation Program; the removal 
of contents in the tank farm to a small portable above ground storage tank (AST); transport of 
materials to appropriate facilities via barge; and, minor investigative soil sampling.  

During the 2014 Decommissioning Program, Tervita was the prime contractor on-Site managing and 
directing the decommissioning, removal, and packaging of infrastructure and materials on-Site. 
Tervita also coordinated logistical and safety aspects of the 2014 Decommissioning Program. IEG 
provided environmental supervision and conducted minor investigative soil sampling.  

The field portion of the Decommissioning Program was conducted between August 7, 2014 and 
September 18, 2014.  
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2 SCOPE OF WORK 

IEGs objective during the 2014 Decommissioning Program was to provide environmental supervision 
during the decommissioning and removal of infrastructure and materials from Camp Farewell. IEG’s 
scope of work included: 

 document and photograph Site conditions and decommissioning activities;  

 collect composite soil samples from remaining waste material that was stockpiled during the 
2013 remediation program; 

 collect investigative soil samples as required; and, 

 provide a summary report of Site observations and activities in 2014. 
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3 SETTING 

3.1 Site Setting and Current Conditions 

The Site is located approximately 125 km northwest of Inuvik, Northwest Territories (NT) and 
approximately 135 km west of Tuktoyaktuk, NT. The Site lies within the Inuvialuit Settlement Region 
(ISR) on the northeast bank of Middle Channel in the Kendall Island Bird Sanctuary (KIBS) (Figure 1). 

The Site consists of an approximately 6.5 hectare (ha) gravel pad, a gravel airstrip, and two access 
roads extending from the Middle Channel of the Mackenzie River to the gravel pad. The gravel pad is 
approximately 0.5 m to 0.7 m thick, and was constructed on a foam and fibre geomembrane which 
overlays native tundra. Existing infrastructure at Camp Farewell includes one storage shed, a 93,000 L 
fuel AST, and a decommissioned bermed and lined petroleum tank farm consisting of five ASTs. 

Camp Farewell is surrounded by stable tundra vegetation including patches of alder (Alnus sp.) and 
willow (Salix sp.) (IEG, 2012a).  

For a detailed Site description, refer to the report prepared by IEG for Shell entitled, “Shell Camp 
Farewell Project Description, Decommissioning the Lagoon at Camp Farewell”, dated May 2012. 

3.2 Regional Setting 

3.2.1 Climate 

Camp Farewell is classified as having a high subarctic eco-climate, with very cold winters and 
generally cool summers. Mean daily temperatures range from –22.8°C in January to 19.5°C in July 
(Environment Canada, 2015). 

Winter in this area is approximately six months long and there is a period of approximately two 
months when the sun does not rise above the horizon. During this period, very cold conditions prevail 
and may last for several weeks at a time. When temperatures reach such lows, the ability of the air to 
contain moisture is limited and very little precipitation falls. The mean annual precipitation is 241 mm 
(Environment Canada, 2015). 

3.2.2 Physiography  

Camp Farewell is within the Tuktoyaktuk Coastal Plain Ecoregion of the Southern Arctic Ecozone. 
This ecoregion covers the outer Mackenzie River Delta and Tuktoyaktuk Peninsula bordering the 
Beaufort Sea (ESWG, 1996). 

There are two main landscape types within the Tuktoyaktuk Coastal Plain Ecoregion. One is 
composed of distinctive delta landforms at the mouth of the Mackenzie River. These include 
wetlands, active alluvial channels, and estuarine deposits. Characteristic wetlands, which cover 25 to 
50 percent of the area, are lowland polygon fens of both the low and high centre varieties.  
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The second landscape type consists of the broadly rolling uplands. Discontinuous moraine deposits 
mantle much of the area, except near the coast where fine textured marine sediments cover the 
surface. Outwash aprons of crudely-sorted sand and gravel, and raised beach ridges along the shores 
of pre-glacial lakes, occur less frequently. The resulting undulating terrain is studded with many lakes 
and ponds (ESWG, 1996). 

The region is underlain by continuous permafrost with high ice content, sometimes in the form of ice 
wedges and pingos. 

3.2.3 Soils and Permafrost 

Dominant soils of the Tuktoyaktuk Coastal Plain Ecoregion consist of Organic Turbic Cryosols 
developed on level to rolling organic, morainal, alluvial, fluvioglacial, and marine deposits 
(ESWG, 1996). Typically these soils are underlain by a continuous layer of permafrost (greater than 
90 percent permafrost). However, more recent data describes the outer Mackenzie River Delta and 
portions of Richards Island as being discontinuous permafrost with about 35 to 65 percent 
permafrost beneath the area (Heginbottom, 1998). 

In the Mackenzie River Delta, permafrost thickness is generally less than 90 m thick, and contains 
deep unfrozen zones (taliks), which may extend to the base of the permafrost. The depth of the 
active layer generally ranges from 30 to 100 cm but is largely a function of ground surface insulation, 
vegetation cover, level of ground disturbance, and winter snow cover. 

3.2.4 Vegetation 

Permafrost detracts from soil productivity by chilling the soil and creating waterlogged conditions in 
the thawed active layer near the soil surface. Plant communities found in the vicinity of the project 
area are relatively simple and are dominated by a few species that are well adapted to poor soil 
(low nutrient) conditions and the harsh climate. 

Vegetation grows on a veneer of unfrozen organic or granular substrate overlying the permafrost 
boundary. 

Vegetation in the area is complex, and includes the following: delta shrub communities on active river 
terraces, sedge (Carex sp.) and cotton grass (Eriophorum angustifolium) communities in wet inactive 
areas, and patterned ground comprised of low centred polygons which typically develop in poorly 
drained conditions. Both standing and moving water are prominent features of the landscape.  
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3.2.5 Hydrology  

The Mackenzie River Delta is a dynamic complex of lakes, islands, braided channels, and oxbows. 
The hydrological regime is the primary factor controlling vegetation and wildlife habitat in the area. It 
is an estuarine delta with poorly developed levees, formed largely from sediments transported by the 
Mackenzie River over the last 13,000 years. The southwest portion of the delta also receives 
sediment from the Peel River and Rat River. The major channels (East, Middle, and West) appear 
largely unchanged in the last century. The present delta is flat and dotted with numerous lakes, 
ponds, and river channels, but also contains land varying from stable forested areas to tidal flats 
(MRBC, 1981). 

Ice covers the waters of the delta for approximately eight months of the year and can be up to 2.5 m 
thick in the main stem of the Mackenzie River. Ice break-up usually begins in late April to early May, 
and ice movement occurs before peak spring water levels. Water levels recede during late summer 
and into the fall. The basic hydrology of the Mackenzie River Delta is a complex interaction of 
aggrading and degrading forces, with spring break-up being the major hydrological event each year 
(MRBC, 1981). 
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4 BACKGROUND 

4.1 Site 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 camp 
operated as a 60 to 70 person camp full time until 1978, after which it was in operation periodically 
until 1994. During full operation in the 1970’s, infrastructure on-Site included: a single story 
accommodations building and a tank farm consisting of two 5,000 barrel (bbl) ASTs, one 3,000 bbl 
AST, and three 2,000 bbl ASTs. In the mid 1980’s, the accommodations building was replaced with a 
smaller building, designed for approximately 32 people. Storage information included in previous 
WorleyParsons reports indicates the following fuel and materials have been stored on-Site: up to 6.8 
million litres of fuel (including gasoline, diesel, and aviation fuel), building materials, drilling mats, 
piping, and drilling additives (including barite, Aqua Seal™, and caustic soda). 

The Site was constructed on permafrost. During construction, a layer of polyurethane (either 50 mm 
foam or pads) was installed prior to laying down 0.45 m of compacted gravel, to act as a thermal 
barrier and prevent contamination of underlying soils and groundwater (WorleyParsons 
Komex, 2006). In 2006, WorleyParsons Komex conducted test pitting on-Site and encountered 
remnants of liner between approximately 0.38 and 0.62 metres below ground surface (m bgs) in 
some, but not all of the test pits. This suggests that while liner was used, the gravel pad extended 
beyond the liner. Sand and gravel comprised the pad fill material and extended between 
approximately 0.5 and 1 m bgs. Clay mineral additive (bentonite) appears to have been mixed with 
gravel as well to aid in compaction and adhesion of gravel throughout the Site (WorleyParsons, 2011). 

4.1.1 Historical Site Operations 

The Site has been utilized by many different corporations for different activities over the years; 
however, it has been maintained under the stewardship of Shell. Historically, the Site was utilized as a 
staging area for seismic and drilling operations. In addition, the Site was used for camp facilities and 
the storage of equipment and fuel. 

Recent activities at the Site have been limited to those involved in the closure and decommissioning 
of the Site. Activities have included dismantling and removal of infrastructure, removal of stockpiled 
materials and consumables, remediation and assessment activities, and environmental monitoring 
work. 
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4.1.2 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. Canadian Marine Drilling (CanMar, a subsidiary of Dome Petroleum) was occupying Camp 
Farewell and was responsible for the two 5,000 bbl ASTs located in the tank farm. 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 
(WorleyParsons, 2011). 

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. Free fuel within the berm and camp 
area was collected and pumped into holding ASTs, while residual fuel was collected using sorbent 
pads. Fuel that spilled onto the frozen river was also collected using the sorbent pads. These pads 
were incinerated in a Sacke Portable Burner (WorleyParsons, 2011). 

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

Various ESA programs have been conducted at Camp Farewell. IEG has reviewed the available reports 
concerning ESA programs and provided summaries in 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 

 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.), 2012b. 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.), 2012b. 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. 
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6 DECOMMISSIONING PROGRAM LOGISTICS AND PROGRAM SUPERVISION 

As part of the environmental supervision scope of work, IEG completed several tasks concerning 
logistics management and permitting for the 2014 Decommissioning Program. Each of these tasks is 
described in the following sections. 

6.1 Permitting and Licensing 

IEG obtained permits and licenses for several on-Site and off-Site activities prior to commencement of 
the 2014 Decommissioning Program. The following sections provide information on each permit or 
license. Copies of permits and licenses are provided in Appendix II. 

6.1.1 Environmental Impact Screening Committee 

Due to the non-intrusive nature of activities being conducted on-Site in 2014, a project description 
was not required by the Environmental Impact Screening Committee (EISC) and the project was 
deemed exempt from the EISC process. The exemption letter issued by the EISC is provided in 
Appendix III. 

6.1.2 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 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 expires July 18, 2017. 

6.1.3 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 permit during the Camp Farewell Remediation Program was issued on 
January 22, 2014 and expired on December 31, 2014. 

6.2 Camp Mobilization/Demobilization 

A barge camp was mobilized to the Site from Hay River, NT in July 2014 via the Mackenzie River, 
arriving at Camp Farewell in early August. The barge was anchored to bollards in the boat docking 
area at the Site (Figure 2). The barge comprised two levels, consisting of a kitchen and dining unit, a 
common lounge area, and sleeping accommodations. A fuel spill kit, generators, and a wastewater 
AST 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 
approximately September 18, 2014 the barge camp was demobilized from the Site via the Mackenzie 
River. 
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7 DECOMMISSIONING PROGRAM METHODOLOGIES 

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. IEG documented each of 
these activities as part of the environmental supervision program, and conducted a soil investigative 
sampling program. The following sections describe decommissioning activities supervised by IEG and 
the details of the sampling program. Photographs are provided in Appendix IV. A Site plan is shown 
on Figure 2. 

7.1 Infrastructure Decommissioning and Removal 

Decommissioning and removal of Site infrastructure and materials occurred from August 6, 2014 to 
September 18, 2014. Infrastructure and associated materials were decommissioned and removed 
strategically and required the use of equipment including a back hoe, bull dozer, skid steer, and 
loaders.  

Shed #2, Shed #3, and the camp building were disassembled (Photographs 1 and 2). Materials that 
could be recycled such as metals were separated from 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.  

On August 13, 2014, two barges loaded with approximately 410 rig mats, three loaders, a hydro vac 
truck, and miscellaneous materials including office furniture, scrap metal, and piping, departed the 
Site for Hay River (Photographs 3 and 4).  

Additional barges arrived at Site in late August for transport of the remaining infrastructure and 
materials. Materials to be barged included scrap metal, cable wire, assorted hoses, assorted pieces of 
pipe, five gallon pails of nuts, bolts and screws, pieces of conduit, steel caps, pup joints, tarps, rolls of 
polyliner, absorbants, steel skis for sleighs, large drums of jet fuel and engine oil, and assorted 
chemicals in small quantities (Photographs 5 to 9). The barges departed Site September 18, 2014. 

Rig mats and large pieces of metal were stacked on the barges while smaller materials were 
transported in 1 m by 1 m wooden crates or Seacans (Photographs 8 to 10). Rig mats were placed 
down to avoid rutting and protect the river shore during the loading of the barges (Photograph 11). 

Throughout the Decommissioning Program, wood materials absent of paint and/or contaminants 
were burned in a burn pit located on the southeast corner of the Site (Figure 2; Photograph 12).  

On August 17, 2014, remaining contents of the ASTs within the tank farm on-Site were transferred 
with a pump to a small portable AST (Photograph 13). ASTs at the on-Site tank farm are currently 
empty. 
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7.2 Waste Disposal 

Approximately 18 m3 of remaining waste soil from the 2014 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. Soils bags and crates were packed carefully with the track hoe 
bucket and placed in the staging area on-Site located east of the shops. 

The soil bags and crates were loaded onto a barge for transport to Hay River. The barges departed 
Site on September 18, 2014 but were unable to move south of Inuvik due to freezing conditions and 
remain docked at Inuvik until the river thaws in spring 2015. When the barges reach Hay River in the 
spring, the soil bags and crates will be transferred to trucks and further transported to Tervita 
Rainbow Lake Landfill (approximately 2,800 km from Camp Farewell). 

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 (Photograph 15). Domestic waste was produced at a rate 
of approximately three garbage bags per day according to the barge master. 

7.3 Investigative Sampling 

On August 14, 2014, two composite soil samples were collected from the dirt floor of Shed #1 to 
assess for contaminants (Photograph 14). The dirt floor of Shed #1 was compacted and the sampling 
device could only penetrate to a depth of approximately 0.1 m bgs. The composite soil samples 
consisted of soil collected from multiple areas of the shed floor with suspected impact, based on 
visual observations. The samples were submitted for analysis of detailed salinity, trace metals, PHC, 
and PAH parameter analysis.  

On August 19, 2014 one composite ash sample was collected from the burn pit. The sample was 
submitted for analysis of landfill parameters. 

Samples collected were placed directly into sterile plastic bags and glass containers equipped with 
Teflon-lined lids. Standard chain-of-custody protocol was followed for collected samples. 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. 

Analytical results for the soil and ash samples are summarized in Tables 1, 2, and 3. Laboratory 
analytical reports are included in Appendix V. Values in the data summary tables that exceed 
applicable guidelines have been highlighted.  
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8 SOIL ASSESSMENT GUIDELINES 

Guidelines for salinity, trace metals, PHC, and PAH parameters in soil are provided by the by the 
GNWT, Environmental Guideline for Affected Site Remediation, November 2003. The GNWT CSR 
defines the same land uses and soil textures as Canadian Council of Ministers of the Environment 
(CCME) Canadian Environmental Quality Guidelines (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 edge of the Site is 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; 
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 are the most applicable for the Site 
at this time. 

The following guideline was used to assess the suitability of the ash for landfill disposal:  

 Alberta Environment Protection (AEP), 1995. Alberta Users Guide for Waste Managers. 

8.1 Soil Quality 

Based on the land use of the Site and the surrounding properties, benzene, toluene, ethylbenzene, 
xylenes (BTEX) and inorganic parameters (salinity and metals) in soil were compared to the 
coarse-textured soil guidelines found in the GNWT Environmental Guideline for Contaminated Site 
Remediation (November, 2003), where applicable. Barium, extractable barium, and true total barium 
results were compared to the AENV Soil Remediation Guidelines for Barite: Environmental Health and 
Human Health guidelines (AENV, 2009). 

The analytical results for PHC fractions F1 (C6-C10), F2 (C10-C16), F3 (C16-C34) and F4 (C34-C50) were 
compared to the GNWT Environmental Guideline for Contaminated Site Remediation 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. 
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8.2 Background Soil Conditions 

In 2001, two background soil samples were collected from locations 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 SAR (0.9 to 1.1), were 
reported within the regulatory guidelines for residential/parkland and industrial land uses for both 
locations. Concentrations of metals parameters were reported below applicable guidelines 
(WorleyParsons Komex, 2006). 

In 2006, two background soil locations and two background groundwater locations were established 
and tested to the northeast of the Site, in areas not likely to have been affected by historical 
activities. Soil and groundwater background soil locations were advanced to 0.4 m bgs, to the depth 
of permafrost. Findings for the background locations indicated concentrations of hydrocarbons which 
were attributed to naturally occurring organic material. Salinity parameters EC, pH, and SAR reported 
values of 251 uS/cm, 6.7, and 0.6, respectively, within and/or below applicable guidelines 
(WorleyParsons Komex, 2006). Background chloride and sodium reported values of 15 mg/kg and 
17 mg/kg, respectively. Concentrations for metals parameters were below applicable guidelines with 
the exception of selenium which measured 1.6 mg/kg. 
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9 SOIL INVESTIGATION ANALYTICAL PROGRAM 

Two composite soil samples (GS14-004 and GS14-005) were collected during the Decommissioning 
Program. The soil samples were analyzed for one or more of the following parameters: 

 detailed salinity including pH, EC, SAR, and various cations and anions; 

 trace metals; 

 BTEX and PHC fractions F1 to F4; and, 

 PAHs. 

One composite ash sample (GS14-005) was also collected during the Decommissioning Program. The 
same sample ID for the ash composite sample was used in error. The ash sample was analyzed for 
landfill analyses including: 

 pH, leachable BTEX, flashpoint (°C), free liquid, and leachable metals (antimony, arsenic, 
barium, beryllium, boron, cadmium, chromium, cobalt, copper, iron, lead, mercury, nickel, 
selenium, silver, thallium, uranium, vanadium, zinc, and zirconium); 

Samples were analyzed at AGAT Laboratories (AGAT) in Edmonton, Alberta. AGAT is registered with 
the Standards Council of Canada and the Canadian Association of Environmental Analytical 
Laboratories for environmental analyses. Comprehensive analytical reports are included in 
Appendix V. 

9.1 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; 

 cleaning and decontaminating any sampling tools and/or equipment prior to the collection of 
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. 
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10 SOIL INVESTIGATION RESULTS 

A total of two investigative soil samples (GS14-004 and GS14-005) were collected from the dirt floor 
of Shed #1. Soil analytical results are summarized in Tables 1 and 2.Results of the investigative soil 
sampling are provided below: 

 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 exceeded the applicable guideline (500 mg/kg) in both 
composite samples (measuring 3,501 mg/kg for sample GS14-004 and 1,700 mg/kg for sample 
GS14-005). 

 The concentration of PHC parameter F2 (1,090 mg/kg) exceeded the applicable guideline 
(150 mg/kg) in composite sample GS14-005. Concentrations of PHC parameter F3 (3,850 
mg/kg and 2,580 mg/kg) exceeded the applicable guideline (400 mg/kg) in composite soil 
samples GS14-004 and GS14-005.  

One composite ash sample (GS14-005) was collected from the burn pit and submitted for analysis of 
landfill parameters. The same sample ID for the ash composite sample was used in error. Ash 
analytical results are summarized in Table 3.  

 Parameters analyzed were reported below the applicable guidelines. 
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11 DISCUSSION 

Concentrations of EC, SAR, sodium, and chloride exceeding the applicable guidelines reported in the 
composite soil samples are expected due to brackish water infiltration, overland flooding, and the 
close proximity to the source area (Middle Channel and the Beaufort Sea). Elevated concentrations of 
EC, SAR, and soluble salts were measured on-Site during previous investigations. It is likely that the 
salinity parameter exceedances measured during the soil investigative sampling program are 
naturally occurring rather than associated with historical Site operations.  

Barium can be a major component of drilling fluid. Elevated concentrations of total barium were 
measured at the Site during the current and previous investigations, and the concentrations could 
result from barite (BaSO4), a common weighting agent in drilling mud. Barite in soil has a very low 
mobility and has an inconsequential effect on barium bioavailability (AENV, 2009). As a component of 
barite, barium is not considered a significant contaminant.  
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12 CONCLUSIONS  

Decommissioning activities occurred from August 6, 2014 to September 18, 2014. Infrastructure and 
materials were decommissioned and removed strategically and required the use of equipment 
including a back hoe, bull dozer, skid steer, and loaders.  

Shed #2, Shed #3, and the camp building were disassembled. Materials that could be recycled such as 
metals were separated from 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.  

Rig mats and large pieces of metal were stacked on the barges while smaller materials were 
transported in 1 m by 1 m wooden crates or Seacans. Rig mats were placed down to avoid rutting and 
protect the river shore during the loading of the barges. 

Approximately 18 m3 of remaining waste soil from the 2013 remediation program was packed into 
soil bags or wooden crates for transport to Hay River via barge and further transport to Tervita 
Rainbow Lake Landfill via truck.  

Throughout the Decommissioning Program, wood materials with no paint or contaminants were 
burned in a burn pit located on the southeast corner of the Site.  

On August 17, 2014, remaining contents of the ASTs at the tank farm on-Site were transferred with a 
pump to a small portable AST. ASTs at the on-Site tank farm are currently empty. 

As a result of the investigative sampling, PHC parameters F2 and F3 were identified as contaminants 
in the area of Shed #1. Further investigation is recommended in this area during the 2015 ESA.   

As a component of barite, barium is not considered a significant contaminant. To confirm this 
conclusion, it is recommended that soil samples exceeding the applicable guideline for total barium 
during the 2015 ESA be further analyzed for extractable barium and true total barium by fusion. 
Analytical results for extractable barium and true total barium parameters should be compared to the 
Alberta Environment Soil Remediation Guidelines for Barite: Environmental Health and Human 
Health. 
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13 CLARIFICATIONS OF THIS REPORT 

This report is an instrument of service of IEG Consultants Ltd. The report has been prepared for the 
exclusive use of the account of Shell Canada Energy. The material in it reflects IEG Consultant Ltd. 
best judgment in light of the information available to it at the time of preparation. The report’s 
contents may not be relied upon by any other party without the express written permission of IEG 
Consultants Ltd. 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. In this report, IEG 
Consultants Ltd. has endeavored to comply with generally accepted practice common to the local 
area. IEG Consultants Ltd. makes no other warranty, express or implied. 

The analyses, conclusions, and recommendations contained in this report are based on data derived 
from a limited number of test holes obtained from widely spaced subsurface explorations. The 
methods used indicate subsurface conditions only at the specific locations where samples were 
obtained or where in-situ tests would infer, only at the time they were obtained, and only to the 
depths penetrated. The samples and tests cannot be relied on to accurately reflect the nature and 
extent of strata variations that usually exist between sampling or testing locations. 

IEG Consultants Ltd. cannot assume responsibility or liability for damages, decisions, and/or actions of 
Tervita during the 2014 Decommissioning Program. 

IEG Consultants Ltd. cannot assume responsibility or liability for the adequacy of its 
recommendations when they are used in the field without IEG Consultants Ltd. being retained to 
direct field activities. 
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14 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.      Liza Flemming, RPG 
Project Manager      Senior Environmental Scientist 
 

APEGA Permit to Practice No. P09196 
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Table 1: Analytical Results for Detailed Salinity, Physical, and Trace Metals Parameters 
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TRACE METALS

Units

GENERAL DETAILED SALINITY PHYSICAL

GUIDELINES
GNWT 2003 Residential/Parkland Area ‐ Coarse Surface Soil 6 ‐ 8 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0.4 20 12 500 4 10.0 64 50 63 140 6.6 10 50 1 20 1 50 ‐ 130 200
SOIL DATA

Shed #1 Floor GS14‐004 0.0 ‐ 0.1 2014‐08‐14 6.80 0.95 3.07 74 12 52 10 38 107 48 ‐ ‐ 3.2 <0.3 0.9 6.2 3,501 <0.5 <0.5 31.8 3.1 16.8 48 <0.5 3.3 14.5 <0.5 <0.5 <0.5 2.1 <0.5 18.2 93
Shed #1 Floor GS14‐005 0.0 ‐ 0.1 2014‐08‐14 6.15 0.85 1.31 93 22 26 11 22 106 49 ‐ ‐ 3 <0.3 1.4 6.2 1,700 <0.5 <0.5 39.5 4.2 39 25.6 <0.5 3.6 19.5 <0.5 <0.5 <0.5 0.7 <0.5 18.2 99

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.

5. The same sample ID (GS14‐005) for the 'Ash from burn pit' sample was used in error.
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Table 2: Analytical Results for Petroleum Hydrocarbon and Polycyclic Aromatic Hydrocarbon Parameters 
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mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

POLYCYCLIC AROMATIC HYDROCARBONS

Units

GENERAL PETROLEUM HYDROCARBONS

GUIDELINES
GNWT 2003 Residential/Parkland Surface (0‐1.5 m bgs) 0.5 0.8 1.2 1 130 150 400 2800 ‐ ‐ ‐ 1 0.7 ‐ 1 ‐ 1 ‐ ‐ 1 0.6 5 10
SOILS DATA

Shed #1 Floor GS14‐004 0.0 ‐ 0.1 2014‐08‐14 <0.005 <0.05 <0.01 <0.05 <10 1,090 3,850 513 <0.005 <0.005 0.03 <0.03 <0.03 <0.05 <0.05 <0.05 <0.05 <0.01 <0.02 <0.05 <0.005 0.02 0.21
Shed #1 Floor GS14‐005 0.0 ‐ 0.1 2014‐08‐14 <0.005 <0.05 <0.01 <0.05 <10 83 2,580 453 <0.005 <0.005 0.04 <0.03 <0.03 <0.05 <0.05 <0.05 <0.05 <0.01 <0.02 <0.05 <0.005 0.02 0.08

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.

5. The same sample ID (GS14‐005) for the 'Ash from burn pit' sample was used in error.
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Table 3: Ash Analytical Results for Landfill Characterization

A04012A06

Location Sample Designation
Sample 
Depth
(m bgs)

Sample Date
(yyyy‐mm‐dd)

pH Le
ac
ha
bl
e 
Be

nz
en

e 
 

Le
ac
ha
bl
e 
To

lu
en

e 
 

Le
ac
ha
bl
e 
Et
hy
lb
en

ze
ne

  

Le
ac
ha
bl
e 
Xy
le
ne

s  

Fl
as
hp

oi
nt
 (o
C)

Fr
ee

 L
iq
ui
d

An
tim

on
y 
 

Ar
se
ni
c 
 

Ba
riu

m
  

Be
ry
lli
um

  

Bo
ro
n 
 

Ca
dm

iu
m
  

Ch
ro
m
iu
m
  

Co
ba
lt 
 

Co
pp

er
  

Iro
n 
 

Le
ad

  

M
er
cu
ry
  

N
ic
ke
l  

Se
le
ni
um

  

Si
lv
er
  

Th
al
liu
m
  

U
ra
ni
um

  

Va
na
di
um

  

Zi
nc
  

Zi
rc
on

iu
m
  

‐ mg/L mg/L mg/L mg/L mg/L ‐ mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

GENERAL HAZARDOUS WASTE CRITERIA

Units
GUIDELINES

AEP 1995 Hazardous Waste 2‐12.5 0.5 0.5 0.5 0.5 >61 Neg 500 5 100 5.0 500 1.0 5 100 100 1000 5.0 0 5 1 5.0 5.0 2 100 500 500
SOIL DATA

Ash from burn pit GS14‐005 ‐ 2014‐08‐19 10.61 0.005 <0.005 <0.005 <0.005 >100 Neg <0.5 <0.5 0.6 <0.5 1.2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 3 <0.5
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. AEP 1995 Hazardous Waste = AEP (Alberta Environmental Protection), 1995. Alberta Users Guide for Waste Managers. March 1995.
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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 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 
0.6, respectively, within and/or below applicable guidelines (WorleyParsons Komex, 2006). Metals 
parameters were not analyzed. 
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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. 

A total of 96 soil samples were taken 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 
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). 
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APPENDIX II 
Permits and Licenses 
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APPENDIX III 
 Environmental Impact Screening Committee Exemption Letter 

  



 
 

The Joint Secretariat – Inuvialuit Settlement Region 
PO Box 2120 Inuvik, NWT, Canada X0E 0T0 

Phone (867) 777-2828  Fax (867) 777-2610  eisc@jointsec.nt.ca   www.screeningcommittee.ca 
 

ENVIRONMENTAL IMPACT SCREENING COMMITTEE 
 
 
 
 
        Submission Number:  [01/12-01] 
            
January 22, 2014 
 
Randall Warren 
Manager, DAR and Drilling Waste 
Shell Canada Energy 
400 – 4 Avenue SW 
Calgary, AB T2P 2H5 
 
Dear Mr. Warren: 
 
RE: Shell Canada Energy, CWS Permit Application / Renewal 
 
On January 30th, 2012 an EISC Decision Letter was issued for EISC Registry file 01/12-01. This 
Decision Letter was placed on the registry file as per EISC procedures. 
 
At that time it was determined that your project, as described in the Project Summary 
Questionnaire for the file, was deemed exempt from the EISC process. It is noted here that this 
project is multi-year in scope, and that the nature of this project is unchanged. Therefore, the 
Decision Letter issued last year will be valid – for this project only – and for the life of this project 
only. 
 
If there are questions or concerns re this letter, please contact me. 
 
Sincerely, 
 

 
 
 
Darrell Christie 
EISC Coordinator 
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APPENDIX IV 
Site Photographs 
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Photograph 1: Camp building in the process of decommissioning (August 19, 2014). 

 

Photograph 2: Disassembly of Shed #2 (August 19, 2014). 
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Photograph 3: Barges loaded with rig mats, equipment, and scrap materials 
(August 13, 2014). 

 

Photograph 4: Barges loaded with rig mats, equipment, and scrap materials (August 13, 
2014). 
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Photograph 5: Large drums of jet fuel and engine oil and small quantities of chemicals 
(August 17, 2014). 

 

Photograph 6: Scrap materials (August 18, 2014). 
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Photograph 7: Materials to be removed from Site (August 19, 2014). 

 

 

Photograph 8: Materials to be removed from Site (August 19, 2014). 
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Photograph 9: Materials to be removed from Site (August 9, 2014). 

 

Photograph 10: Wooden crates for transporting materials (August 19, 2014). 
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Photograph 11: Rig mats laid down on river shore for equipment to load barges 
(August 11, 2014). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph 12: Burn pit (August 17, 2014). 
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Photograph 13: Transfering contents of large tank in tank farm to small portable tank 
(August 17, 2014). 

 

Photograph 14: Dirt floor of Shed #1 where composite soil samples were collected 
(August 17, 2014). 
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Photograph 15: Incinerator used to burn domestic waste produced by barge camp 
(August 17, 2014). 
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Laboratory Analytical Reports 

 

 



CLIENT NAME: IEG ENVIRONMENTAL (NORTH)
PO BOX 3178
INUVIK, NT   X0E0T0    
(403) 262-5505

6310 ROPER ROAD
EDMONTON, ALBERTA

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

http://www.agatlabs.com

Joydee Saez, Technical ReviewerSOIL ANALYSIS REVIEWED BY:

Joydee Saez, Technical ReviewerTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 6

Aug 21, 2014

VERSION*: 1

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

14E878992AGAT WORK ORDER:

ATTENTION TO: Nicole Wills

PROJECT: A04012A06

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



GS14-005SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

8/19/2014DATE SAMPLED:

5720197G / S RDLUnitParameter

10.61pH (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

0.6Barium - Leachate 0.5100mg/L

<0.5Beryllium - Leachate 0.55.0mg/L

1.2Boron - 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

<0.5Iron - 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

3Zinc - Leachate 1500mg/L

<0.5Zirconium - Leachate 0.5mg/L

RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Class 2 LandfillComments:
5720197 Analysis based on "as received"

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

DATE RECEIVED: 2014-08-21

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878992

DATE REPORTED: 2014-08-21

PROJECT: A04012A06

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 6



GS14-005SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

8/19/2014DATE SAMPLED:

5720197G / 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

100Toluene-d8 (BTEX) % 50-150

RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to Class 2 LandfillComments:
5720197 Flashpoint corrected to Sea Level.

Zero Headspace Extraction for Leachable BTEX.

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

DATE RECEIVED: 2014-08-21

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878992

DATE REPORTED: 2014-08-21

PROJECT: A04012A06

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 6



Landfill, Inorganics - Class II

pH (1:1 Water:Soil extraction) 232 5712259 10.14 10.01 1.3% < 100% 90% 110%

Free Liquid 232 5712259 Neg Neg NA N/A

Antimony - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 91% 80% 120% 102% 80% 120%

Arsenic - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 81% 80% 120% 100% 80% 120%

Barium - Leachate
 

233 5712259 <0.5 <0.5 NA < 0.5 90% 80% 120% 103% 80% 120%

Beryllium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 98% 80% 120% 105% 80% 120%

Boron - Leachate 233 5712259 1.0 1.1 9.5% < 0.5 102% 80% 120% 104% 80% 120%

Cadmium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 96% 80% 120% 100% 80% 120%

Chromium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 96% 80% 120% 105% 80% 120%

Cobalt - Leachate
 

233 5712259 <0.5 <0.5 NA < 0.5 97% 80% 120% 101% 80% 120%

Copper - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 93% 80% 120% 109% 80% 120%

Iron - Leachate 233 5712259 7.9 7.9 NA < 0.5 97% 80% 120% 100% 80% 120%

Lead - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 96% 80% 120% 100% 80% 120%

Mercury - Leachate 233 5712259 <0.1 <0.1 NA < 0.1 102% 80% 120% 105% 80% 120%

Nickel - Leachate
 

233 5712259 <0.5 <0.5 NA < 0.5 104% 80% 120% 108% 80% 120%

Selenium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 94% 80% 120% 108% 80% 120%

Silver - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 110% 80% 120% 100% 80% 120%

Thallium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 93% 80% 120% 106% 80% 120%

Uranium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 97% 80% 120% 89% 80% 120%

Vanadium - Leachate
 

233 5712259 <0.5 <0.5 NA < 0.5 93% 80% 120% 106% 80% 120%

Zinc - Leachate 233 5712259 <1 <1 NA < 1 104% 80% 120% 103% 80% 120%

Zirconium - Leachate 233 5712259 <0.5 <0.5 NA < 0.5 100% 80% 120% 102% 80% 120%

 
Comments: If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
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Results relate only to the items tested and to all the items tested

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 14E878992

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Nicole Wills

CLIENT NAME: IEG ENVIRONMENTAL (NORTH)

PROJECT: A04012A06

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits
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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 4 of 6

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) 844 Butanol 39 39 0.0% < 111% 80% 120%

Benzene - Leachable 631 5712259 < 0.005 < 0.005 NA < 0.005 95% 80% 120% 98% 80% 120% 96% 70% 130%

Toluene - Leachable 631 5712259 < 0.005 < 0.005 NA < 0.005 91% 80% 120% 91% 80% 120% 93% 70% 130%

Ethylbenzene - Leachable 631 5712259 < 0.005 < 0.005 NA < 0.005 98% 80% 120% 100% 80% 120% 104% 70% 130%

Xylenes - Leachable 
 

631 5712259 < 0.005 < 0.005 NA < 0.005 101% 80% 120% 98% 80% 120% 101% 60% 140%

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

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-MS

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

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

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

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 14E878992

Method Summary
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6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
TEL (780)395-2525
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6310 ROPER ROAD
EDMONTON, ALBERTA

CANADA T6B 3P9
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http://www.agatlabs.com
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Jarrod Roberts, Operations ManagerTRACE ORGANICS REVIEWED BY:
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VERSION*: 1

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

14E878257AGAT WORK ORDER:

ATTENTION TO: Nicole Wills

PROJECT: Camp Farewell Decommissioning Program / A04012A06

Laboratories (V1) Page 1 of 10

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



GS14-005

(0-0.1m)

GS14-004

(0-0.1m)SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

8/14/20148/14/2014DATE SAMPLED:

5712772 5712777G / S RDLUnitParameter

0.9 1.4Antimony 0.520mg/kg

6.2 6.2Arsenic 0.517mg/kg

3501 1700Barium 0.5750mg/kg

<0.5 <0.5Beryllium 0.55mg/kg

3.2 3.0Boron (Hot Water Extr.) 0.52mg/kg

<0.5 <0.5Cadmium 0.51.4mg/kg

31.8 39.5Chromium 0.564mg/kg

<0.3 <0.3Chromium, Hexavalent 0.30.4mg/kg

3.1 4.2Cobalt 0.520mg/kg

16.8 39.0Copper 0.563mg/kg

48.0 25.6Lead 0.570mg/kg

<0.5 <0.5Mercury 0.56.6mg/kg

3.3 3.6Molybdenum 0.54mg/kg

14.5 19.5Nickel 0.550mg/kg

<0.5 <0.5Selenium 0.51mg/kg

<0.5 <0.5Silver 0.520mg/kg

<0.5 <0.5Thallium 0.51mg/kg

2.1 0.7Tin 0.55mg/kg

<0.5 <0.5Uranium 0.523mg/kg

18.2 18.2Vanadium 0.5130mg/kg

93 99Zinc 1200mg/kg

RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to ABTier1 Soil (Ag, F)Comments:
5712772-5712777 Results are based on the dry weight of the sample.

Value verified with repeat analysis.

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

DATE RECEIVED: 2014-08-20

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878257

DATE REPORTED: 2014-08-28

PROJECT: Camp Farewell Decommissioning Program / A04012A06

CCME / Alberta Tier 1 Metals + Hg + HWS B + Cr6 (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 10



GS14-005

(0-0.1m)

GS14-004

(0-0.1m)SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

8/14/20148/14/2014DATE SAMPLED:

5712772 5712777G / S RDLUnitParameter

6.80 6.15pH (CaCl2 Extraction) 0.02pH Units

0.95 0.85Electrical Conductivity (Sat. Paste) 0.01dS/m

3.07 1.31Sodium Adsorption Ratio N/A

48 49Saturation Percentage 1%

80 45Chloride, Soluble 5mg/L

74 93Calcium, Soluble 1mg/L

20 22Potassium, Soluble 2mg/L

12 22Magnesium, Soluble 2mg/L

108 54Sodium, Soluble 2mg/L

223 216Sulfate, Soluble 2mg/L

3.69 4.64Calcium, Soluble (meq/L) 0.05meq/L

36 46Calcium, Soluble (mg/kg) 1mg/kg

2.26 1.27Chloride, Soluble (meq/L) 0.06meq/L

38 22Chloride, Soluble (mg/kg) 2mg/kg

0.99 1.81Magnesium, Soluble (meq/L) 0.08meq/L

6 11Magnesium, Soluble (mg/kg) 1mg/kg

0.51 0.56Potassium, Soluble (meq/L) 0.05meq/L

10 11Potassium, Soluble (mg/kg) 2mg/kg

4.70 2.35Sodium, Soluble (meq/L) 0.09meq/L

52 26Sodium, Soluble (mg/kg) 2mg/kg

4.64 4.50Sulfur (as Sulfate), Soluble (meq/L) 0.04meq/L

107 106Sulfur (as Sulfate), Soluble (mg/kg) 2mg/kg

<0.01 <0.01Theoretical Gypsum Requirement 0.01tonnes/ha

RDL - Reported Detection Limit;     G / S - Guideline / StandardComments:
5712772-5712777 If sodium results in mg/L are less than detection, SAR is non-calculable and is reported as 0.

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

DATE RECEIVED: 2014-08-20

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878257

DATE REPORTED: 2014-08-28

PROJECT: Camp Farewell Decommissioning Program / A04012A06

Soil Analysis - Salinity (AB Tier 1 - pH Calcium Chloride)
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GS14-005

(0-0.1m)

GS14-004

(0-0.1m)SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

8/14/20148/14/2014DATE SAMPLED:

5712772 5712777G / 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

1090 83C10 - C16 (F2) 10mg/kg

3850 2580C16 - C34 (F3) 10mg/kg

513 453C34 - C50 (F4) 10mg/kg

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

19 85Moisture Content 1%

Acceptable LimitsUnitSurrogate

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

112 120Ethylbenzene-d10 (BTEX) % 50-150

111 120o-Terphenyl (F2-F4) % 50-150

RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to ABTier1  (Ag,F)Comments:
5712772-5712777 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.

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

DATE RECEIVED: 2014-08-20

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878257

DATE REPORTED: 2014-08-28

PROJECT: Camp Farewell Decommissioning Program / A04012A06

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

SAMPLED BY:SAMPLING SITE:
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TEL (780)395-2525
FAX (780)462-2490

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
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GS14-005

(0-0.1m)

GS14-004

(0-0.1m)SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

8/14/20148/14/2014DATE SAMPLED:

5712772 5712777G / S RDLUnitParameter

<0.005 <0.005Naphthalene 0.005mg/kg

0.013 0.0262-Methylnaphthalene 0.005mg/kg

<0.005 <0.005Acenaphthylene 0.005mg/kg

<0.005 <0.005Acenaphthene 0.005mg/kg

<0.02 <0.02Fluorene 0.02mg/kg

0.02 0.02Phenanthrene 0.02mg/kg

0.03 0.04Anthracene 0.004mg/kg

<0.01 <0.01Fluoranthene 0.01mg/kg

0.21 0.08Pyrene 0.01mg/kg

<0.03 <0.03Benzo[a]anthracene 0.03mg/kg

<0.05 <0.05Chrysene 0.05mg/kg

<0.05 <0.05Benzo[b+j]fluoranthene 0.05mg/kg

<0.05 <0.05Benzo[k]fluoranthene 0.05mg/kg

<0.03 <0.03Benzo[a]pyrene 0.03mg/kg

<0.05 <0.05Indeno[1,2,3-cd]pyrene 0.05mg/kg

<0.005 <0.005Dibenzo[ah]anthracene 0.005mg/kg

<0.05 <0.05Benzo[ghi]perylene 0.05mg/kg

<0.05 <0.05B[a]P TPE 0.05mg/kg

<0.05 <0.05IACR (Coarse Soil) 0.05mg/kg

<0.05 <0.05IACR (Fine Soil) 0.05mg/kg

Acceptable LimitsUnitSurrogate

87 902-Fluorobiphenyl (PAH) % 50-150

104 106p-Terphenyl-d14 (PAH) % 50-150

RDL - Reported Detection Limit;     G / S - Guideline / StandardComments:
5712772-5712777 Results are based on the dry weight of the sample.

Based on GC/MS target ion analysis.
Isomers Benzo(b)fluoranthene and Benzo(j)fluoranthene have the same GC retention time and are reported as the sum of the two. 

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

DATE RECEIVED: 2014-08-20

Certificate of Analysis

ATTENTION TO: Nicole WillsCLIENT NAME: IEG ENVIRONMENTAL (NORTH)

AGAT WORK ORDER: 14E878257

DATE REPORTED: 2014-08-28

PROJECT: Camp Farewell Decommissioning Program / A04012A06

Polyaromatic Hydrocarbon 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:
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Soil Analysis - Salinity (AB Tier 1 - pH Calcium Chloride)

pH (CaCl2 Extraction) 235 5725019 7.00 7.11 1.6% < 0.02 99% 90% 110%

Electrical Conductivity (Sat. Paste) 235 5725019 0.38 0.35 8.2% < 0.01 102% 90% 110%

Saturation Percentage 235 5725019 48 43 11.0% < 1 104% 80% 120%

Chloride, Soluble 1016 5697203 12 12 0.0% < 5 102% 80% 120% 103% 80% 120% 106% 80% 120%

Calcium, Soluble
 

235 5717089 17 18 5.7% < 1 109% 80% 120% 105% 80% 120%

Potassium, Soluble 235 5717089 <2 <2 NA < 2 104% 80% 120% 110% 80% 120%

Magnesium, Soluble 235 5717089 3 3 0.0% < 2 104% 80% 120% 107% 80% 120%

Sodium, Soluble 235 5717089 5 5 0.0% < 2 97% 80% 120% 103% 80% 120%

Sulfate, Soluble 235 5717089 4 4 0.0% < 2 91% 80% 120% 104% 80% 120%

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

CCME / Alberta Tier 1 Metals + Hg + HWS B + Cr6 (soil)

Antimony 234 5621580 < 0.5 < 0.5 NA < 0.5 103% 80% 120% 97% 80% 120%

Arsenic 234 5621580 7.1 7.3 2.8% < 0.5 98% 80% 120% 101% 80% 120%

Barium 234 5621580 1480 1490 0.7% < 0.5 96% 80% 120% 88% 80% 120%

Beryllium 234 5621580 0.5 0.6 18.2% < 0.5 92% 80% 120% 94% 80% 120%

Boron (Hot Water Extr.)
 

234 5721561 1.1 1.1 0.0% < 0.5 94% 80% 120% 107% 80% 120%

Cadmium 234 5621580 < 0.5 < 0.5 NA < 0.5 95% 80% 120% 93% 80% 120%

Chromium 234 5621580 29.6 31.5 6.2% < 0.5 93% 80% 120% 96% 80% 120%

Chromium, Hexavalent 232 5710492 < 0.3 < 0.3 NA < 0.3 98% 80% 120% 95% 80% 120%

Cobalt 234 5621580 8.4 9.1 8.0% < 0.5 93% 80% 120% 95% 80% 120%

Copper
 

234 5621580 17.5 19.3 9.8% < 0.5 98% 80% 120% 95% 80% 120%

Lead 234 5621580 10.2 10.2 0.0% < 0.5 98% 80% 120% 97% 80% 120%

Mercury 234 5621580 < 0.5 < 0.5 NA < 0.5 102% 80% 120% 102% 80% 120%

Molybdenum 234 5621580 1.6 1.6 0.0% < 0.5 98% 80% 120% 98% 80% 120%

Nickel 234 5621580 26.0 28.3 8.5% < 0.5 93% 80% 120% 94% 80% 120%

Selenium
 

234 5621580 0.5 0.5 0.0% < 0.5 99% 80% 120% 99% 80% 120%

Silver 234 5621580 < 0.5 < 0.5 NA < 0.5 95% 80% 120% 95% 80% 120%

Thallium 234 5621580 < 0.5 < 0.5 NA < 0.5 96% 80% 120% 97% 80% 120%

Tin 234 5621580 0.5 0.5 0.0% < 0.5 100% 80% 120% 95% 80% 120%

Uranium 234 5621580 0.9 0.9 0.0% < 0.5 98% 80% 120% 99% 80% 120%

Vanadium
 

234 5621580 29.8 31.9 6.8% < 0.5 94% 80% 120% 96% 80% 120%

Zinc 234 5621580 54 59 8.8% < 1 102% 80% 120% 99% 80% 120%

 
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
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Results relate only to the items tested and to all the items tested
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Petroleum Hydrocarbons (BTEX/F1-F4) in Soil (CWS)

Benzene 508 5724724 < 0.005 < 0.005 NA < 0.005 87% 80% 120% 88% 80% 120% 75% 60% 140%

Toluene 508 5724724 < 0.05 < 0.05 NA < 0.05 93% 80% 120% 87% 80% 120% 70% 60% 140%

Ethylbenzene 508 5724724 < 0.01 < 0.01 NA < 0.01 82% 80% 120% 94% 80% 120% 70% 60% 140%

Xylenes 508 5724724 < 0.05 < 0.05 NA < 0.05 87% 80% 120% 95% 80% 120% 74% 60% 140%

C6 - C10 (F1)
 

508 5724724 < 10 < 10 NA < 10 100% 80% 120% 82% 80% 120% 109% 60% 140%

C10 - C16 (F2) 462 5702819 24 23 4.3% < 10 102% 80% 120% 93% 80% 120% 95% 60% 140%

C16 - C34 (F3) 462 5702819 102 108 5.7% < 10 108% 80% 120% 99% 80% 120% 105% 60% 140%

C34 - C50 (F4) 462 5702819 <10 25 NA < 10 102% 80% 120% 97% 80% 120% 107% 60% 140%

Moisture Content 462 5702819 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.
 

Polyaromatic Hydrocarbon Analysis - Soil 

Naphthalene 453 5705242 < 0.005 < 0.005 NA < 0.005 101% 70% 130% 91% 70% 130% 92% 70% 130%

2-Methylnaphthalene 453 5705242 < 0.005 < 0.005 NA < 0.005 86% 70% 130% 87% 70% 130%

Acenaphthylene 453 5705242 < 0.005 < 0.005 NA < 0.005 86% 70% 130% 84% 70% 130% 92% 70% 130%

Acenaphthene 453 5705242 < 0.005 < 0.005 NA < 0.005 94% 70% 130% 86% 70% 130% 87% 70% 130%

Fluorene
 

453 5705242 < 0.02 < 0.02 NA < 0.02 92% 70% 130% 90% 70% 130% 92% 70% 130%

Phenanthrene 453 5705242 < 0.02 < 0.02 NA < 0.02 98% 70% 130% 89% 70% 130% 90% 70% 130%

Anthracene 453 5705242 < 0.004 < 0.004 NA < 0.004 87% 70% 130% 85% 70% 130% 93% 70% 130%

Fluoranthene 453 5705242 < 0.01 < 0.01 NA < 0.01 85% 70% 130% 89% 70% 130% 91% 70% 130%

Pyrene 453 5705242 < 0.01 < 0.01 NA < 0.01 86% 70% 130% 88% 70% 130% 91% 70% 130%

Benzo[a]anthracene
 

453 5705242 < 0.03 < 0.03 NA < 0.03 87% 70% 130% 97% 70% 130% 101% 70% 130%

Chrysene 453 5705242 < 0.05 < 0.05 NA < 0.05 108% 70% 130% 94% 70% 130% 95% 70% 130%

Benzo[b+j]fluoranthene 453 5705242 < 0.05 < 0.05 NA < 0.05 95% 70% 130% 88% 70% 130% 86% 70% 130%

Benzo[k]fluoranthene 453 5705242 < 0.05 < 0.05 NA < 0.05 101% 70% 130% 87% 70% 130% 88% 70% 130%

Benzo[a]pyrene 453 5705242 < 0.03 < 0.03 NA < 0.03 81% 70% 130% 89% 70% 130% 92% 70% 130%

Indeno[1,2,3-cd]pyrene
 

453 5705242 < 0.05 < 0.05 NA < 0.05 93% 70% 130% 82% 70% 130% 86% 70% 130%

Dibenzo[ah]anthracene 453 5705242 < 0.005 < 0.005 NA < 0.005 95% 70% 130% 83% 70% 130% 87% 70% 130%

Benzo[ghi]perylene 453 5705242 < 0.05 < 0.05 NA < 0.05 88% 70% 130% 75% 70% 130% 78% 70% 130%

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

Antimony
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD ICP-MS

Arsenic
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD 
S

ICP-MS

Barium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Beryllium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Boron (Hot Water Extr.) INO-171-6005
Gupta, 1967, Soil Science 103: 
424-428

ICP/OES

Cadmium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Chromium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP/MS

Chromium, Hexavalent INOR-171-6215 ASA 20-4.3; REISENAUER 1982 SPECTROPHOTOMETER

Cobalt
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD ICP-MS

Copper
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Lead
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Mercury INOR-171-6006, -6202
EPA SW 846-3050/7470A; 
SHEPPARD 2007

ICP-MS

Molybdenum
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD ICP-MS

Nickel
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Selenium
INORG-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD 
S

ICP-MS

Silver
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Thallium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Tin
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Uranium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Vanadium
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

Zinc
INOR-171-6006, 
INOR-171-6202

EPA SW 846-3050/6010; SHEPPARD  ICP-MS

pH (CaCl2 Extraction) INOR-171-6207
SHEPPARD 2007; HENDERSHOT 
2008

PH METER

Electrical Conductivity (Sat. Paste) INO-171-6208 SHEPPARD 2007; MILLER 2007 CONDUCTIVITY METER

Sodium Adsorption Ratio
INOR-171-6201 & 
INOR-171-6002

McKeague 3.26 CALCULATION

Saturation Percentage
SOIL 0140; SOIL 0110; SOIL 
0120

MILLER 2007; SHEPPARD 2007 GRAVIMETRIC

Chloride, Soluble
INOR-171-6200 & 
INOR-171-6002

SHEPPARD 2007, EATON 2005 COLORIMETER

Calcium, Soluble
SOIL 0110; SOIL 0120; INST 
0140

CARTER & GREGORICH 2007, SM 
3120B

ICP/OES

Potassium, Soluble
SOIL 0110; SOIL 0120; INST 
0140

CARTER & GREGORICH 2007, SM 
3120B

ICP/OES

Results relate only to the items tested and to all the items tested
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Magnesium, Soluble
SOIL 0110; SOIL 0120; INST 
0140

CARTER & GREGORICH 2007, SM 
3120B

ICP/OES

Sodium, Soluble
SOIL 0110; SOIL 0120; INST 
0140

CARTER & GREGORICH 2007, SM 
3120B

ICP/OES

Sulfate, Soluble
INOR-171-6201 & 
INOR-171-6002

SHEPPARD 2007; EATON 2005; 
MILLER 2007, SM 3120B

ICP/OES

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

Naphthalene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

2-Methylnaphthalene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Acenaphthylene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Acenaphthene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Fluorene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Phenanthrene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Anthracene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Fluoranthene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Pyrene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Benzo[a]anthracene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Chrysene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Benzo[b+j]fluoranthene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Benzo[k]fluoranthene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Benzo[a]pyrene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Indeno[1,2,3-cd]pyrene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Dibenzo[ah]anthracene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

Benzo[ghi]perylene ORG-170-5420 EPA SW846 8270 D/3540 C/3570 GC/MS

2-Fluorobiphenyl (PAH) TO 0500 EPA SW846 8270 D/3540 C/3570 GC/MS

p-Terphenyl-d14 (PAH) TO 0500 EPA SW846 8270 D/3540 C/3570 GC/MS

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