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EXECUTIVE SUMMARY 

Cape Christian, located on the north shore of Baffin Island, Nunavut, was used by the 
U.S. Coast Guard as a Loran Communication Station, during the Cold War era from 1954 
to 1974.  The environmental site issues at Cape Christian include landfills, site buildings, 
hazardous materials (lead paint, asbestos, PCB paint), fuel and petroleum products, fuel 
storage tanks, and abandoned barrels.  Most of the PCB containing material has been 
removed along with most of the petroleum products.   

Indian and Northern Affairs Canada (INAC) retained Environmental Services, Public 
Works and Government Services Canada (PWGSC) to design a remediation plan for the 
site at Cape Christian.  In order to complete the design additional site assessment work 
was required.  Earth Tech Canada Inc. completed the onsite fieldwork portion of the Cape 
Christian environmental assessment during August 22, 23, and 24, 2001.  This field 
investigation included the completion of an investigation to delineate subsurface 
contamination, completion of an inventory of abandoned materials, and inspection of the 
area to locate potential landfill and borrow sites.   

The following conclusions can be drawn from the environmental assessment that has 
been completed at the former U.S. Coast Guard Loran station at Cape Christian, Nunavut. 

• The Cape Christian site is readily accessible to the residents of Clyde River and it 
poses a significant health and safety risk, as well as an environmental concern. 

• Previous environmental investigations and remedial efforts have resulted in the 
removal of most of the more serious sources of environmental contamination on 
the site; specifically PCB containing equipment. 

• The only site with PCB soil contamination exceeding the CCME 1999 Criteria is 
the Main Building Area, with a contaminated volume of 2 m3.   

• Metals contamination in soil exceeding CCME 1999 criteria exists in a number of 
areas at the site.  The volume of this soil is 240 m3, including a 25% contingency. 

• Hydrocarbon soil contamination exists at the site, particularly adjacent to the 
Main Building and ASTs (235 m3), and the area of the Beach AST and buried 
barrels near the Air Terminal Building (810 m3).  The soil volume exceeding the 
CCME CWS-PHC criteria is roughly 1,370 m3, including a 25% contingency.   

• Hazardous and non-hazardous material has been identified and quantified to allow 
for disposal planning.  The volume of non-hazardous material is approximately 
2,125 m3.  A detailed hazardous material inventory has been provided.   

• Areas for the landfilling of non-hazardous debris and for sources of borrow have 
been identified.  Of these, the best location due to capacity and proximity to the 
bulk of the debris is the north end of the Raw Water Reservoir.  The reservoir will 
need to be drained and the existing berm provides a huge source of cover material 
to stabilize and fill the crushed debris.   

• A detailed topographic map of the Cape Christian site is provided as Appendix A 
to this report.  This will prove very useful for remediation project planning. 
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1.0 INTRODUCTION/BACKGROUND 

1.1 Background Information 
Cape Christian is located on the north shore of Baffin Island, Nunavut.  The U.S. Coast 
Guard used this site as a Loran Communication Station, during the Cold War era from 
1954 to 1974.  The site is somewhat remote and is located near the mouth of the Clyde 
River approximately 16 km northeast of the Hamlet of Clyde River, on the northeast 
coast of Baffin Island.  The station coordinates are Latitude 70031’N, and Longitude 
68017’ W.  Access to the former station is either by ATV or fixed wing aircraft with 
tundra tires.  The location of Cape Christian relative to the coastline of Baffin Island is 
provided in Figure 1.1.  Figure 1.2 shows the overall site layout and major features.   

The environmental site issues at Cape Christian include landfills, site buildings, 
hazardous materials (lead paint, asbestos, PCB paint), fuel and petroleum products, fuel 
storage tanks, and abandoned barrels.  Most of the PCB containing material has been 
removed along with most of the petroleum products.   

1.2 Scope of Work and Objectives 
As a result of the Treasury Board Federal Contaminated Sites Assessment Initiative 
(FCSAI), Indian and Northern Affairs Canada (INAC) is undertaking an environmental 
site assessment and remedial action plan design for the Cape Christian site.  The purpose 
of this undertaking is threefold: 

1. To document facility, contaminant and physical site characteristics; 

2. To finalize delineation of contamination (degree, nature, estimated extent and media 
affected) and site conditions (geological, hydrogeological and hydrological) so an 
effective remedial action plan can be developed; and 

3. To develop a remedial design for the sites, complete with specifications, plans and a 
Class “D” cost estimate to undertake the work.  

INAC has retained Environmental Services, Public Works and Government Services 
Canada (PWGSC) to design a remediation plan for the site at Cape Christian.  In order to 
complete the design, information gaps in the previous site assessment work needed to be 
identified and additional site assessment work was required.  The Cape Christian site was 
one of four sites completed during the same field trip.  The other three sites included in 
this project were Padloping Island, Bear Island, and Radio Island.   

Earth Tech Canada Inc., formerly Reid Crowther, has prepared this report to complete the 
site assessment of the Cape Christian abandoned military site in accordance with the 
Terms of Reference provided by PWGSC on August 2, 2001.   

The scope of work that was proposed for this environmental assessment has been 
presented in Table 1.1 on the following page.  The table is an overview of the detailed 
scope of work presented in the project Terms of Reference provided by PWGSC. 
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Table 1.1 Scope of Work Summary for Cape Christian 

Task Scope of Work Comments 

1.  Site Logistics Travel from Edmonton to Iqaluit. 
Travel to Clyde River from Iqaluit. 
Accn/meals at Clyde River 
Travel to/from Cape Christian (ATVs)  
Community startup and closure meeting.

Confirm condition of Cape 
Christian runway. 
 
Hire polar bear monitor from 
local HTA. 

2.  Geophysical 
Survey of Landfills 

Landfill A – total area 15,000 m2 
Landfill B – total area 25,000 m2 
Landfill C – total area 27,000 m2 

EM 31 survey to be carried 
out for these areas. 

3.  Delineation of 
PHC Impacted Areas 

Main site fuel tank farm 
Runway tank 
Garage 
East side of main building 

Petroflag field testing 
CWS for PHC laboratory 
confirmation 

4.  Delineate Other 
Impacted Areas 

All areas in ESG report. Areas are to be delineated for 
the specific parameter 
identified in the ESG report. 

5.  Additional 
Sampling 

Outfall area – three surface and deep 
samples for PCBs (aroclors), heavy 
metals, PAHs, chlorinated organic scan 
with additional analysis if conc. >2 ppm.
Two unlined sumps in garage portion of 
main complex – two surface and deep 
samples for above parameters. 

 

6.  Tank Dipping and 
Barrel Sampling 

Main station - five 102,000 L tanks  
Runway – one 616,000 L tank 
RCMP – one tank  
Fuel pipeline should also be tested 
Barrels – assume five with unknown 
liquids to characterize  

Determine volume of water 
and fuel in each tank. 
 
 
DLCU Barrel Protocol 

7.  Identify Potential 
Borrow Sources 

Four possible areas identified: 
- immediately west of main base 
- beach sediment 
- drainage ditch west of main base 
- main building site fill material 
Identify any other borrow sources. 

Provide estimates of volume 
and characteristics of material 
at each borrow site. 
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Task Scope of Work Comments 

8.  Siting Landfill 
Sites 

Potential sites already identified: 
- fresh water reservoir 
- upstream to north of reservoir 
- areas near domestic waste dump 
Identify any other landfill sites. 

Determine potential landfilling 
capacity at each of the 
potential landfill sites. 

9.  Quantify Non-
Hazardous Debris 

Quantify the volume of all non-
hazardous debris with the view to on-
site disposal.  Includes remains of 
infrastructure, metal debris, vehicles and 
vehicle parts, empty barrels, equipment. 

Material to be landfilled on 
site during remediation. 

10.  Quantify 
Hazardous Debris 

Quantify the volume of all hazardous 
debris with the view to removal and off-
site disposal.  Includes PCB material, 
PCB paint, petroleum products, 
batteries, gas cylinders, etc. 

Asbestos material can be 
bagged and landfilled on-site. 

11.  Survey Site, 
Prepare Drawings 

Survey of site to prepare detailed site 
drawings for the site remediation design 
package.  Identify all features, buildings, 
equipment and areas, and provide a map 
with 0.5 m contour intervals. 

Total station survey 
 

12.  Lab Analysis 
and Data Evaluation 

Submission to a CAEAL accredited 
laboratory the soil and liquid samples 
from Tasks 3, 4, 5 and 6 above. 
Data tabulation and evaluation. 

 

13.  Prepare Draft 
Report 

Prepare draft assessment report (two 
hard copies and two CD copies) for 
review by PWGSC and INAC. 

Required by October 15, 2001.

14.  Submit Final 
Report 

Provide final report (5 hard copies and 
two CD copies) incorporating review 
comments. 

Provide within two weeks of 
receipt of review comments 
from PWGSC and INAC. 

 

1.3 Previous Environmental Investigations 
Previous environmental work at the Cape Christian site includes the following reports: 

• United States Coast Guard, Inventory and Evaluation, 1974 and 1979. 

• Environmental Protection Services, PCB Identification, 1985. 

• Envirochem Special Projects Inc, PCB Consolidation, 1989. 
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• Pollution Control Division Renewable Resources, Baffin, Collection of PCB’s, 
1989, 1990, 1991. 

• AVATI-Norecol, Site Assessment and Soil Sampling, 1992. 

• Environmental Protection Division (E.C.)-Renewable Resources (GNWT), 
Removal of PCB Containing Equipment, 1996. 

• Royal Military College, Environmental Sciences Group (ESG), Environmental 
Assessment, March 1996. 

• Royal Military College, ESG, Investigation of PCBs in Paint, March 1997. 

The report completed by ESG in March 1996, was used as a template for gathering and 
compiling information on Cape Christian.  This report provided the site history, sampling 
criteria, and background data needed to design the most recent sampling program and site 
logistics.   

The ESG report indicated that although analytical samples and detailed information were 
gathered during the July 1995 fieldwork, it was not possible to accurately delineate the 
extent of contamination or to provide a detailed material and debris inventory during the 
time on site.  Hence, there was a need for an additional site visit to fill the information 
gaps and to delineate the contamination that was confirmed by the ESG analytical 
sampling. 

1.4 Earth Tech Work Completed 
Earth Tech completed the onsite fieldwork portion of the Cape Christian environmental 
assessment during August 22, 23, and 24, 2001.  The information that was gathered is 
intended to be used for a remediation project design and to prepare a specification 
package to tender to contractors for implementation of the site clean up.  The field 
investigation that was completed by Earth Tech included the completion of an 
investigation to delineate subsurface contamination; completion of an inventory of 
abandoned materials, and inspection of the area to locate potential landfill and borrow 
sites.  An overall full size site drawing showing site features and topography to a 0.5 m 
contour interval is provided as Figure 1.3, which is included as Appendix A to this report.   

It should be noted that the work that was planned and completed by Earth Tech was 
based on the findings in the ESG report which were based on the DEW Line Clean-up 
Criteria, DCC I and II, that have been adopted by DND.  The data collected during the 
August 2001 Earth Tech site visit has been compared instead in this report to the 1999 
Canadian Council of Ministers of the Environment (CCME) Soil and Groundwater 
Quality Guidelines for residential/parkland use and the CCME Canada Wide Standards 
for Petroleum Hydrocarbons in Soil, 2001.  These CCME references are the only criteria 
accepted by INAC for these sites. 
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1.5 Methodology  
1.5.1 Soil Sampling 

Soil sampling was completed by first reviewing the information in the ESG report and 
identifying the areas requiring delineation sampling.  The team members responsible for 
delineation sampling identified and located the areas sampled by the ESG team in 1995 
by conducting a short reconnaissance walk over the site.  This was somewhat of a 
challenge as the site plans were vague and not to scale.  Most of the areas were found by 
looking for the identification tags and pegs installed by the ESG team.  Many of the tags 
were still intact making locating the areas of concern a little easier.  Tags that were 
missing had their respective areas located by matching descriptions in the report 
appendices to site features as well as to site photographs.   

Most of the soil sampling to be conducted on site involved delineation of heavy metals 
and hydrocarbon contamination.  Heavy metals cannot readily be identified in soils by 
visual observation.  The metals are usually carried or spread by oxidizing over time and 
being carried by surface or groundwater, or more commonly and rapidly, carried and 
spread by a solvent.  With this in mind, hydrocarbon staining was used to help identify 
the outer limits of where delineation samples should be retrieved for heavy metals and 
hydrocarbons.      

Having identified/located the area to be sampled, a small shovel and/or hand auger was 
used to retrieve the soil samples.  As some of the samples were retrieved near an exposed 
rock face, depth of sampling could often not be achieved with the hand auger and the 
shovel was used to collect the sample in the shallow soils.  The sampling instruments 
were cleaned with a small wire brush and wiped with a paper towel between sampling 
points to prevent cross contamination between sample locations.   

The samples were placed in sealable plastic bags and labeled accordingly.  Samples 
collected for hydrocarbons were placed in glass jars with Teflon-lined lids as soon as 
possible after retrieval to prevent volatilization of any light end hydrocarbons that may 
possibly remain in the sample.  Select samples for Petroflag screening were set aside for 
field analyses.  Petroflag methodology is described further in this section.  Upon return to 
base camp each evening, transported samples from the site were placed in ice pack filled 
coolers for preservation prior to transporting to the laboratory in Edmonton Alberta.  
Prior to sealing the cooler for transport south, fresh ice packs replaced the original ice 
packs and a completed chain of custody/analytical request form was sealed in cooler for 
the courier south.  

1.5.2 Product Sampling 

The site visit did not yield any petroleum products that could not be identified.  The only 
petroleum products observed on site were seven drums of motor oil near the former 
garage area.  Other containers and tanks onsite have either been emptied or vandalized, 
and hence they were either empty or contained water.  The contents of the motor oil 
drums were not sampled or analyzed since the labeling indicated that the drums contained 
motor oil, and the fluid had the viscosity, odour, and texture of motor oil.     
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1.5.3 Asbestos Sampling 

The Earth Tech team was equipped to sample asbestos with proper PPE and had a 
certified asbestos abatement person on site should the need have arisen.  No additional 
(or previously unidentified by ESG) asbestos containing material (ACM) was located and 
therefore no sampling was completed.   

1.5.4 Paint Sampling 

The Earth Tech team did not identify any additional lead or PCB paint impacted that had 
not been previously identified and sampled as described by the ESG reports dated March 
1996 and March 1997.  Subsequently, no additional paint samples were collected.   

1.5.5 Landfill and Borrow Pit Identification 

The landfill and borrow pit areas were identified with the aid of the ESG report, general 
site reconnaissance, and the examination of potential areas by the Earth Tech project 
team.  The landfill sites were chosen based on their distance from the ocean and/or on site 
freshwater receptors, accessibility, distance from the site and major debris concentrations, 
topography and gradient for the prevention of leachate passing through the buried debris, 
and accessibility to cover material.   

Borrow sites were chosen based on the their proximity to the landfill site and the amount 
of fine grain material in the soil.  Completing grain size analyses in a geotechnical 
laboratory was beyond the scope for the project, but field identification was carried out, 
and an attempt to complete a rough field sieve analyses was completed.  Rudimentary 
soil grain size analyses were conducted on site using the U.S. Standard sieves No. 4, 10, 
and 40 to distinguish between gravel, coarse sand, medium sand and fine sand.  The 
sieves were only somewhat useful as the samples were very wet and soil particles did not 
pass through the sieves in the same manner as had the samples been properly dried in a 
laboratory.   

1.5.6 Site Survey 

Procedures undertaken for the site survey initially included all team members walking 
and quading through the site to examine the lay of the land, identify important structures 
and significant features, and correlate potential sampling locations with the ESG reports. 
Based on these findings, survey control points were laid out in key positions across the 
site to establish the grounds for an efficient survey.  The site survey was performed by an 
experienced surveyor using a TOPCON GTS-212 total station and was assisted by a rod 
person. Where possible, a second rod person (taken from the sampling crew) was utilized 
to increase productivity of the survey. The survey scope for each individual site was 
based on the requirements in the request for proposal from PWGSC, as well as, any 
information considered to be of use to PWGSC for the cleanup of the sites.  Data 
collected during the survey had descriptor codes attached based on typical Earth Tech 
coding. A field book was also kept of the survey, which supplemented most survey points 
with additional information and descriptions to be used in the office once the points were 
downloaded. At the completion of each day, data collected for that day was downloaded 
and stored onto a laptop computer and imported into EMXSAcad (AutoCAD based 
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earthwork program) to check for erroneous data and to plan for the next day’s survey. 
This data was backed up on 3 ½ inch floppy disk and protected in a waterproof bag. 
Upon return to the Edmonton Earth Tech office all four site surveys were transferred 
from the laptop, and the site plans and supplemental drawings were created for the report. 

1.5.7 EM Survey 

The ground conductivity survey was completed using a Geonics EM-31 Geophysical 
Data Logger.  The EM-31 measures the difference in electrical conductivity or resistance 
in shallow soils up to 5 m in depth by inducing a current in one coil of the instrument and 
measuring the difference in current received by the second coil.  Since permafrost is 
relatively low in conductivity, metallic items (i.e. strong conductors) such as barrels and 
buried debris create an increase in measured ground conductivity, thus showing up as an 
anomalous area of interest. 

The EM 31 was transported to the site in a rugged field case and assembled for 
surveying.  The battery pack was removed, fresh batteries inserted, and warmed to body 
temperature for 1 hour prior to conducting the survey.  The unit was turned on and 
calibrated to the background readings away form known anomalous conditions such as 
buried barrels.  Typical background readings in the beach area where the survey was 
conducted were in the range of –6 parts per thousand (ppt) in wet moss/sand conditions, 
to +5-7 ppt on solid rock.   

Due to the shallow permafrost in this Arctic climate, most of the suspected buried debris 
is shallow in nature.  Given this, the EM 31 survey was completed in the horizontal 
dipole mode of operation at the 0-100 ppt scale.  With the EM 31 in horizontal mode, 
70% of the instrument response comes from material shallower than three quarters of the 
intercoil spacing (i.e. 0.75 x 5 m = depth of interest between 0 and 3.75 m below grade).  
This is opposed to the vertical dipole mode where 70% of the instrument response comes 
from material shallower than one and half times of the intercoil spacing (i.e. 1.5 x 5 m 
=depth of interest between 0.75 and 7.5 m below grade), which, essentially doubles the 
depth of exploration.    

Due to the spread out distribution of the debris along the beach site and time constraints, 
an official survey grid was not established prior to conducting the EM survey.  Rather the 
instrument was left in continuous read mode and anomalies observed on the instrument in 
suspected areas.  These areas of buried barrels were fairly easy to visually identify due to 
the ground disturbance and visible parts of barrels.  The anomalies were easily 
identifiable by large and immediate response from the EM 31 instrument readings.  At 
these locations of large anomalous readings, survey flags were placed every 3 m to 
outline limits of the subsurface anomalies.  The total station survey crew then surveyed 
the flag locations for location.   

1.5.8 Petroflag and Enviroguard Field Tests 

The Petroflag and Enviroguard tests kits, were used to aid in the on site delineation 
during the course of the sampling program.  The Petroflag analyses were used to 
determine if some of the samples retrieved were impacted with hydrocarbons.  The data 
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from the Petroflag analytical information was recorded and used the following day to aid 
in choosing sample locations as well as used in comparison with the analytical data upon 
return to Edmonton.  Although the Petroflag portable field analyses gives relatively 
reliable information in a short time span, the test is difficult to conduct in cold and windy 
conditions.   

The Enviroguard Immunoassay Kit was used to field test select samples for PCB’s.  
Again the data was recorded and used for comparison purposes with the laboratory data.  
The Enviroguard kit has many steps and the immunoassay vials must be kept at a specific 
temperature.  This kit is very cumbersome and requires 2-3 hours to complete a set of 
analyses.  This did not prove to be an effective tool on this project due the time of year 
with diminishing daylight hours, inclement weather, and time restraints.   

Any future on site screening using these two field test kits should only be completed with 
proper shelter and time to dedicate to the screening methodology.   

1.5.9 Soil Volumes 

Soil volumes were determined based on the depth to either permafrost or bedrock.  Soil 
samples for delineation were collected in areas identified in the ESG report and submitted 
for analytical testing.  Once the laboratory data was reviewed, exceedances to the applied 
CCME 1999 criteria were plotted on the site plan and a surface area was calculated.  The 
average depth to permafrost or bedrock was then multiplied by the surface area to obtain 
a volume.  Although the volume calculation itself is simple, several assumptions for the 
depth of contaminant needed to be made.   

Several other extensive studies conducted in Arctic have shown that vertical subgrade 
mobility of hydrocarbons is somewhat limited by the active layer of permafrost and/or 
bedrock.  As hydrocarbons are typically the most common carrier of heavy metal 
contamination, some finite assumptions can be made as to the depth of heavy metals 
being limited by the same factors.  The investigation at the Cape Christian site was 
carried out near the time of year when the thickest layer of soil is thawed.  In some areas, 
this provided an opportunity to investigate the depth of actual penetration.   

The standard used for calculating depth of contaminants at Cape Christian depended 
heavily on the setting of the area being investigated.  The soil volume for each area 
(described in detail in Section 2 of this report) is presented in brief below: 

• Main Building Area - heavy metals and petroleum hydrocarbons were 
investigated in soil fill used to level and construct site. Assumed average depth to 
permafrost is 0.5 m. 

• Garage and Disaster Hut Area - heavy metals and petroleum hydrocarbons were 
investigated in soil around each building and near bedrock outcrops.  Assumed 
depth to permafrost is 0.5 m and average depth to bedrock at the Disaster Hut is 
0.5 m.     
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• Sewage Outfall Area - heavy metal and petroleum hydrocarbons were 
investigated in sludge at the base of the sewage outfall.  The sludge has been 
frozen into the permafrost over the years and could not be penetrated beyond 0.5 
metres.  The volume for this area was calculated by assuming that prior to the 
sewage outfall being constructed, the area was relatively flat (either naturally or 
during construction of the station).  The thickness of the sludge is based on the 
difference in elevation evident from the mounding of the sewage sludge over the 
years.  The average thickness of the sludge appears to be approximately 1.0 m. 

• Beach Area – the contaminant is petroleum hydrocarbons from the runway tank 
and barrel storage area.  Depth to permafrost was identified during hand augering 
to be at 0.5 m. 

This depth of contamination of 0.5 m for the purposes of the estimation of soil volumes is 
consistent with the findings at other remote arctic locations.  The paper “Remediation of 
former military bases in the Canadian Arctic” by Poland, Mitchell and Rutter, which was 
published in Cold Regions Science and Technology 32 (2001) 93-105 states: 

“PCB contamination of soils in the Arctic is generally confined to the top 30 cm 
and this is true of other contaminants.  This has several practical applications.  In 
conducting environmental investigations, sampling can be limited to surface 
samples.  Cleanup of the contaminated soils is also simplified as only the top 
unfrozen layer needs to be excavated.” 
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2.0 CONTAMINANT INVESTIGATION 

2.1 Main Station Building 
Areas at the Main Station Building with suspected soil contamination were sampled by 
ESG during the July 1995 site visit.  These locations were assigned a four-digit number 
with a letter prefix and the sample point(s) for the location were identified with an ESG 
tag number.  (e.g.: G6508, Tag #9)  Where possible, the ESG tags were located in the 
field and correlated to the site/location description in the report.  Where the tags could not 
be located or there was no tag, the description provided in Appendix C of the ESG report 
was used to locate the sample area.  The locations of identified areas having exceedances 
and requiring delineation in the vicinity of the Main Station Building are presented in 
Figure 2.1.   

Table 2.1.1 (on the following page) identifies the locations having exceedances in the 
ESG report and presents the subsequent delineation sampling results for these areas.  
Appendix B provides site and location sample photographs (Photographs 2.1 to 2.16), 
and Appendix C contains the laboratory reports. 

As indicated in the second paragraph of Section 1.4 on Page 1-4 of this report, the data in 
Table 2.1.1 is compared to the CCME 1999 Criteria for residential/parkland land usage.  
In fact, two new sets of relevant criteria have been published by the CCME since the 
ESG report (which was based on DEW Line Clean-up criteria) was published.  The first 
is the Canadian Environmental Soil Quality Guidelines, 1999, which presents updated 
scientifically defensible soil chemistry derived from the CCME 1991 Interim Canadian 
Environmental Quality Criteria for Contaminated Sites.  The second set of newly 
published criteria is the Canada Wide Standards for Petroleum Hydrocarbons in Soil 
January 2001, (CWS-PHC).  The CWS is a 3-tiered, risk-based, remedial standard 
developed for four generic land uses – agriculture, residential /parkland, commercial, and 
industrial.  The CWS criteria applied to Cape Christian is Residential/Parkland for 
course-grained soils between 0 and 1.5 m in depth.   

The data presented in Table 2.1.1 indicates that there are exceedances of the CCME 
criteria outside of the ESG sampled areas and delineation has been achieved in some 
areas.  Table 2.1.2 below briefly describes each site in the vicinity of the Main Building 
and presents the summary of results of the August 2001 assessment.  Table 2.1.2 also 
provides an estimate as to the volume of impacted soil at each location.  Contaminated 
soil delineation is shown on Figure 2.1. 

It should be noted that several sample locations across the site that were shown as 
exceedances in the ESG report did not exhibit exceedances in the Earth Tech 2001 
sampling program when compared to the most recent CCME criteria.  This indicates the 
impacted area identified in the ESG report has been delineated or is no longer an 
exceedance.  These areas should be confirmed again for the presence of contamination 
exceeding the applicable criteria prior to undertaking costly remedial activities such as 
excavation.   



Table 2.1.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, Main Station Building 
 
 

BOLD   Indicates exceedences to CCME Residential/Parkland Criteria. 
 
 
 
 
 
 

Parameter Remediation 
Criteria 

East Wing Garage Bay Sumps 

 1999 CCME 
Residential/ 

Parkland 
(mg/kg) 

CC-38 
at 

0.3-0.6 m 
(mg/kg) 

CC-38 
at 

0.9-1.2 m 
(mg/kg) 

CC-39 
at 

0.3-0.6 m 
(mg/kg) 

CC-39 
at 

0.9-1.2m 
(mg/kg) 

Metals      
Arsenic 12 12.6 3.3 2.2 3.2 
Cadmium 10 6.7 7.4 8.5 6.1 
Chromium (total) 64 34.7 29.8 20.9 15.1 
Cobalt 50 2.7 1.8 1.9 1.9 
Copper 63 94.7 75.2 49.7 41.8 
Lead 140 231 226 260 7350 
Mercury 6.6 0.09 0.09 0.11 <0.05 
Nickel 50 11 5.3 5.1 5.6 
Zinc 200 244 303 355 154 
TPH  7700 7000 5700 5000 
EnviroGuard   0.52  0.688 
PCBs  <0.05 <0.05 <0.05 <0.05 
VOCs      
Benzene 0.5 0.02 <0.02 <0.02 <0.02 
Toluene 0.8 0.18 0.16 0.06 0.05 
Ethylbenzene 1.2 0.14 0.09 <0.04 <0.04 
Xylenes 1 2.14 1.45 0.17 <0.11 
Chloroform 5 <0.03 <0.03 <0.03 <0.03 
Dichlorethane 5     
Dichlormethane 5 0.3 0.5 0.4 0.4 
1,2 Dichloropropane 5 <0.05 <0.05 <0.05 <0.05 
1,1,2,2 Tetrachloroethane 5 3.2 3.4 0.41 0.87 
Carbon Tetrachloride 5 <0.02 <0.02 <0.02 <0.02 
PAHs      
Benzo(a)anthracene 1 0.18 0.2 <0.07 <0.06 
Benzo(b)Fluoranthene 1 <0.17 <0.23 <0.07 <0.07 
Benzo(k)floranthene 1 <0.09 <0.13 <0.07 <0.01 
Pyrene 10 0.72 0.74 0.43 0.34 
Benzo(a) pyrene 0.7 <0.12 <0.11 <0.03 <0.02 
Indeno(1,2,3-c,d)pyrene 1 <0.04 <0.05 <0.02 <0.02 
Phenathrene 5 <0.40 <0.49 <0.20 <0.13 
      



Table 2.1.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, Main Station Building 
 
 

 Remediation Criteria East of East Wing Above Ground Storage Tanks 
 1999 CCME 

Residential/ 
Parkland 
(mg/kg) 

Residential 
Coarse-
Grain 

Eco Soil 
Contact 
(mg/kg) 

CC-42 
A 

E-Wing 
(mg/kg) 

CC-43 
A 

E-Wing 
(mg/kg) 

CC-44 
 

E-Wing 
(mg/kg) 

CC-45 
 

E-Wing 
(mg/kg) 

CC-46 
 

E-Wing 
(mg/kg) 

CC-47 
ASTs 

 
(mg/kg) 

CC-48 
ASTs 

 
(mg/kg) 

CC-49 
ASTs 

 
(mg/kg) 

CC-51 
ASTs 

 
(mg/kg) 

Hydrocarbons            
F1 (C6-C10)  130   130 130 120  110  190 
F2 (C10-C16)  450   8800 4500 6400  3500  3400 
F3 (C16-C34)  400   8200 8000 5300  480  180 

F4 (>C34)  2800   260 1800 300  <10  <10 
Benzene 0.5    <0.04 <0.04 <0.04  <0.04  <0.04 
Toluene 0.8    <0.10 <0.10 <0.10  <0.10  <0.10 

Ethylbenzene 1.2    <0.10 <0.10 <0.10  <0.10  <0.10 
Xylenes 1    <0.20 <0.20 <0.20  <0.20  <0.20 

Petro-Flag   >5000 >5000   >1000 >1000  >1000 >1000 
BOLD   Indicates exceedences to 2001 CWS-PHC Residential Land Use Criteria 

 



Table 2.2.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, Main Station Building 
 

 Remediation 
Criteria 

Location G6508, ESG  
Tag # 9 

Location G6512, ESG Tag # 13 Location G5616 ESG Tag #17 

Parameter 1999 CCME 
Residential/ 

Parkland 
(mg/kg) 

East Wing East Wing East Wing 

  Exceedance 
at G6508 

CC-32 CC-33 CC-34 Exceedance 
at G6512 

CC-29 CC-30 CC-31 Exceedance 
at G6516 

CC-26 CC-27 CC-28 

Metals              
Cadmium 10     6.9 1.6 1.2 0.9     

Lead 140 290            
Zinc 200 4500 49.5 24 63.1 1200 56.2 91.5 42.6     

PCBs 1.3         1.7 0.09   
Enviro 
Guard 

          1.303 0.71 1.121 

BOLD  Indicates exceedences to CCME Residential/Parkland Criteria. 
 
 

 Remediation 
Criteria 

Location G6543ESG  
Tag # 44 

Location G6576ESG Tag # 78 

Parameter 1999 CCME 
Residential/ 

Parkland 
(mg/kg) 

West Wing Central Wing 

  Exceedance 
at G6543 

CC-23 CC-24 CC-25 Exceedance 
at G6576 

CC-35 CC-36 CC-37 

Metals          
Lead 140 480 415 <2.0 723 210 12.5 16.6 36.9 
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Table 2.1.2 Results of Delineation 

Area 
Description 

ESG Identifier Earth Tech 
Sample # 

Summary of Results Estimated 
Volume 

East Wing 
Main Station 

G6508, Tag # 9 CC-32, 33, 
34 

No exceedances of Zinc in 
delineation samples. 

1.0 m3 

East Wing 
Main Station 

G6512, Tag # 13 CC-29, 30, 
31 

No exceedances of Zinc or Cadmium 
in delineation samples. 

2.0 m3 

East Wing 
Main Station 

G6516, Tag # 17 CC-26, 27, 
28 

No exceedances of PCB in CC-26, 
Enviro-guard samples for CC-27 and 
CC-28 were also below criteria.  

2.0 m3 

West Wing 
Main Station 

G6543, Tag # 44 CC-23, 24, 
25 

Exceedances of CCME 1999 for 
Lead in ESG sample and delineation 
samples CC-23 and CC-25. 

1.0 m3 

Central Wing 
Main Station 

G6576, Tag # 78 CC-35, 36, 
37 

No exceedances for Lead in 
delineation samples. 

15.0 m3 

East Side of 
East Wing, 
Main Station 

No specific 
identifier, area 
suspect of 
hydrocarbon 
impact on 
surface soils 

CC-42A, 
43A, 44, 
45, 46 

Exceedances for CWS-PHC criteria 
for hydrocarbons in samples CC-44, 
45, 46 and Petro-flag samples for 
CC-40 and CC-41 were greater than 
5,000 ppm.  Petro-flag for CC-46 
greater than 1000 ppm. 

15.0 m3 

AST’s 
Main Station 

No specific 
identifier, area 
suspect of 
hydrocarbon 
impact on 
surface soils 

CC-47, 48, 
49, 50, 51, 
52 

Exceedances for CWS-PHC criteria 
for hydrocarbons in samples CC-48 
and CC-51 and Petro-flag samples 
for CC-47, 49, and 51 were greater 
than 1000 ppm. 

220.0 m3 

Garage Bays, 
East Wing, 
Main Station 

No specific 
identifier, area 
beneath floor 
drain suspect of 
hydrocarbon and 
heavy metal 
impact.  
Horizontal 
delineation 
difficult due to 
concrete pad 
surrounding 
floor drains. 

CC-38, 
CC-39 

Exceedances in CC-38, 0.3-0.6 m for 
CCME Arsenic, Copper, Lead, and 
Zinc. 
Exceedances in CC-38, 0.9-1.2 m for 
CCME Copper, Lead, Zinc, and 
Xylenes. 
Exceedances in CC-39, 0.3-0.6 m for 
CCME Lead and Zinc.   
Exceedances in CC-398, 0.9-1.2 m 
for CCME Lead and Zinc.   
Total Petroleum Hydrocarbon Values 
of greater than 5,000 ppm in all four 
samples. 

10.0 m3 

Total Soil Volume Exceeding CCME Metals Criteria. 29 m3 
Total Soil Volume Exceeding CCME PCB Criteria. 2 m3 
Total Soil Volume Exceeding CCME CWS-PHC Criteria. 235 m3 
Total Soil Volume Exceeding one or more CCME Criteria. 266 m3 

 

It should be noted that the PHC contamination identified at the AST area and shown in 
Figure 2.1 might continue for a short distance through the drainage patterns and beyond 
CC49 and CC51.  Samples CC49 and CC51 did not show signs of heavy hydrocarbon 
staining and had no petroleum odour when sampled.  In addition, the adjacent sample 
CC50 did not have any exceedances to the applied criteria.  The additional volume of soil 
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beyond sample locations CC49 and CC51 is considered to be minimal, as the sample 
retrieved by ESG before the drainage pattern reaches the ponded area, did not have any 
exceedances to the applied criteria.  It is believed the PHC contaminant depleted itself in 
concentration because of exhaustion through immobility and increased biodegradation 
due to decreased concentrations as the contaminant traveled further from the source.   

2.2 Former Maintenance Garage Area and Disaster Hut  
Suspected soil contamination was sampled by ESG at the Garage building area and 
Disaster Hut during the July 1995 site visit.  The locations of identified areas having 
exceedances and requiring delineation in the vicinity of the former Maintenance Garage 
and Disaster Hut areas are presented in Figure 2.2.   

Table 2.2.1 identifies the locations having exceedances in the ESG report and presents 
the subsequent delineation sampling results for these areas.  Appendix B provides site, 
and location sample photographs  (Photographs 2.17 to 2.22), and Appendix C presents 
the laboratory reports.  The data in Table 2.2.1 is compared to the CCME 1999 and 
CWS-PHC criteria, as was described in Section 2.1.   

The data presented in Table 2.2.1 indicates that there are exceedances outside of the ESG 
sampled area and delineation in some areas has been achieved.  Table 2.2.2 below briefly 
describes each site in the vicinity of the former garage site and presents the results of the 
areas investigated for delineation and other areas investigated for various environmental 
concerns.   

The data collected to date on each of the areas has provided an indication as to the 
volume of impacted soil at each location.  These volumes and the identified contaminant 
are identified in Table 2.2.2.  The sites are identified for location and delineation on 
Figure 2.2. 



Table 2.2.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, Former Garage Site and Disaster Hut 
 

 Remediation 
Criteria 

Location G6579, ESG  
Tag # 81 

Location G6589, ESG Tag # 91 Location G6593, ESG,  
Tag # 95 

Parameter 1999 CCME 
Residential/ 

Parkland 
(mg/kg) 

Garage Garage Disaster Hut 

  Exceedance 
at G6579 

CC-17 CC-18 CC-19 Exceedance 
at G6589 

CC-14 CC-15 Exceedance 
at G6593 

CC-20 CC-21 CC-22 

Metals             
Cadmium 10 5.3 3.1 <0.2 0.6 5.9 <0.2 0.6 6 3.4 2.2 0.9 
BOLD  Indicates exceedences to CCME Residential/Parkland Criteria. 
 

 Remediation Criteria East of Garage Site Near Lube Oil Stain 
 1999 CCME 

Residential/ 
Parkland 
(mg/kg) 

Residential 
Coarse-
Grain 

Eco Soil 
Contact 
(mg/kg) 

CC-53 
(mg/kg) 

CC-54 
(mg/kg) 

CC-56 
(mg/kg) 

CC-58 
(mg/kg) 

Hydrocarbons       
F1 (C6-C10)  130  24  <10 
F2 (C10-C16)  450  3000  <10 
F3 (C16-C34)  400  10000  54 

F4 (>C34)  2800  3200  23 
Benzene 0.5   <0.04  <0.04 
Toluene 0.8   <0.10  <0.10 

Ethylbenzene 1.2   <0.10  <0.10 
Xylenes 1   <0.20  <0.20 

Petro-Flag   >1000 >1000 >1000  
BOLD  Indicates exceedences to CCME Residential/Parkland Criteria and/or CWS-PHC Criteria for Coarse grained soil from 0-1.5m. 
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Table 2.2.2 Results of Delineation 
Area Description ESG Identifier Earth Tech 

Sample # 
Summary of Results Estimated Volume 

Former 
Maintenance 
Garage Site 

G6579, Tag # 81 CC-17, 18, 
19 

No exceedances of 
Cadmium in ESG or 
delineation samples. 

0.0 m3 

Former 
Maintenance 
Garage Site 

G6589, Tag # 91 CC-14, 15, 
16,  

No exceedances of 
Cadmium in ESG or 
delineation samples. 

0.0 m3 

Disaster Hut, 
Hazardous 
Material Storage 

G6593, Tag # 95 CC-20, 21, 
22 

No exceedances of 
Cadmium in ESG or 
delineation samples. 

0.0 m3 

Former 
Maintenance 
Garage Site 

No specific identifier, 
area suspect of 
lubricating oil impact 
on surface soils 

CC-53, 54, 
55, 56, 57, 
58 

Exceedances for 
CWS-PHC criteria in 
sample CC-54 and 
Petro-flag samples for 
CC-53, 54, and 56 
were greater than 
1,000 ppm. 

50.0 m3 

Total Soil Volume Exceeding CCME Metals Criteria  0 m3 
Total Soil Volume Exceeding CCME CWS-PHC Criteria. 50 m3 
Total Soil Volume Exceeding one or more CCME Criteria. 50 m3 
 
2.3 Sewage Outfall Area 
The sewage outfall area was unable to be sampled during the ESG 1995 site visit due to 
being covered in ice.  The sewage outfall area consists of a relatively flat area at the toe 
of the slope leading up to the main site.  There is a slight gradient to the north towards the 
ocean where the runoff has created preferential drainage patterns over the years.  The 
actual sewage drain consists of a 100 mm diameter pipe that gravity drains approximately 
3 m from ground surface.  At the base of the outfall is an accumulation of sludge of 
unknown thickness due to being frozen 0.5 m below grade (assumed to be approximately 
1.0 m thick).  The liquid from the outfall appears to have spread in several directions over 
the years.  This is evident do to the increase in green vegetation in the area resulting from 
the dissolved nutrients in the outfall liquid.  The locations of the sewage outfall sample 
points are indicated on Figure 2.3 on the following page. 

Table 2.3.1 identifies the locations having exceedances in the ESG report and presents 
the subsequent delineation sampling results for these areas.  Appendix B provides site 
and location sample photographs (Photographs 2.23 to 2.25), and Appendix C has the 
laboratory reports.   

The data presented in Table 2.3.1 on the following page indicates that some delineation 
has been achieved.  Table 2.3.2 below briefly describes the sewage outfall area 
investigation results.  The area of contaminant delineation is shown on Figure 2.3. 



Table 2.3.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, Sewage Outfall Area 
 

BOLD  Indicates exceedences to CCME Residential/Parkland Criteria. 
 

Parameter Remediation 
Criteria 

Sewage Outfall Area 

 1999 CCME 
Residential/ 

Parkland 
(mg/kg) 

CC-40 
at 

0.0-0.3 m 
(mg/kg) 

CC-41 
at 

0.0-0.3 m 
(mg/kg) 

CC-42 
at 

0.0-0.3 m 
(mg/kg) 

CC-43 
at 

0.0-0.3m 
(mg/kg) 

Metals      
Arsenic 12 1.5 1.4 0.8 1.6 
Cadmium 10 2.1 <0.2 <0.2 1.6 
Chromium (total) 64 9.4 6.8 5.7 10.7 
Cobalt 50 1.3 1.5 1.2 2 
Copper 63 234 15.3 12.3 273 
Lead 140 26.7 3.6 <2.0 19.3 
Mercury 6.6 0.31 <0.05 <0.05 0.21 
Nickel 50 3.1 2 1.7 4.2 
Zinc 200 281 35.6 23.7 289 
TPH  7400 340 250 2600 
EnviroGuard  0.575    
PCBs  0.62 <0.05 <0.05 0.64 
VOCs      
Benzene 0.5 <0.02 0.04 <0.02 <0.02 
Toluene 0.8 0.06 0.09 <0.04 <0.04 
Ethylbenzene 1.2 <0.04 0.09 <0.04 <0.04 
Xylenes 1 <0.11 0.28 <0.09 <0.09 
Chloroform 5 <0.3 <0.03 <0.03 <0.03 
Dichlorethane 5     
Dichlormethane 5 0.4 0.4 0.3 0.3 
1,2 Dichloropropane 5 <0.05 <0.05 <0.05 <0.05 
1,1,2,2 Tetrachloroethane 5 0.19 <0.04 <0.04 <0.04 
Carbon Tetrachloride 5 <0.02 <0.02 <0.02 <0.02 
PAHs      
Benzo(a)anthracene 1 <0.05 <0.02 0.05 0.16 
Benzo(b)Fluoranthene 1 <0.04 0.02 0.05 0.17 
Benzo(k)floranthene 1 <0.03 <0.01 0.03 0.1 
Pyrene 10 <0.15 0.07 0.18 <0.3 
Benzo(a) pyrene 0.7 <0.02 <0.01 0.03 <0.07 
Indeno(1,2,3-c,d)pyrene 1 <0.02 <0.02 <0.02 0.07 
Phenathrene 5 <0.14 <0.04 0.18 <0.20 
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Table 2.3.2 Results of Delineation 

Area Description ESG Identifier Earth Tech 
Sample # 

Summary of Results Estimated Volume 

Sewage Outfall No specific identifier, 
area under ice cover 
during previous 
investigation 

CC-40, 41, 
42, 43 

Samples CC-40 and 
CC-43 exceeded the 
CCME 1999 criteria 
for Copper and Zinc.  
Both samples had 
total petroleum 
hydrocarbon values 
over 2,600 ppm.   

160 m3 

(Based on 160 m2,  
1.0 m thick) 

Total Soil Volume Exceeding CCME Metals Criteria  160 m3 
 
2.4 Beach AST and Air Terminal Building 
The vicinity of the large beach AST and the air terminal building had suspect areas 
sampled by ESG during the 1995 site visit.  The location of identified areas having 
exceedances and requiring delineation in the vicinity of the AST and air terminal building 
are presented in Figure 2.4. 

Table 2.4.1 identifies the locations having exceedances in the ESG report and presents 
the subsequent delineation sampling results for these areas.  Appendix B provides site, 
and location sample photographs (Photographs 2.26 to 2.33), and Appendix C has the 
laboratory reports. 

The data presented in Table 2.4.1 on the following page indicates that there are 
exceedances outside of the ESG sampled areas and delineation has been achieved in 
some areas.  Table 2.4.2 below briefly describes the investigation results for the areas in 
the vicinity of the beach AST and air terminal building.  The data collected provides an 
indication as to the volume of impacted soil at each location.  These soil volumes and the 
identified contaminants are identified in Table 2.4.2.  The sites are shown for location 
and delineation on Figure 2.4.  



Table 2.4.1 Soil Samples 
Summary of Laboratory Results 

Cape Christian, AST and Air Terminal Building Area 
 
 

 Remediation Criteria Visible Drum Area, Drainage Trench, Surface Stain 
 1999 CCME 

Residential/ 
Parkland 
(mg/kg) 

Residential 
Coarse-
Grain 

Eco Soil 
Contact 
(mg/kg) 

CC-01 
Drum 
Area 
0.3-
0.6m 

(mg/kg) 

CC-03 
Drum 
Area 

0-0.3m 
(mg/kg) 

CC-04 
Drum 
Area 

0-0.3m 
(mg/kg) 

CC-06 
Drum 
Area 

0-0.3m 
(mg/kg) 

CC-07 
Drum 
Area 

0-0.3m 
(mg/kg) 

CC-09 
Drum 
Area 

0-0.3m 
(mg/kg) 

CC-10 
W. of 
AST 

0-0.3m 
(mg/kg) 

CC-11 
W. of 
AST 

0-0.3m 
(mg/kg) 

CC-12 
W. of 
AST 

0-0.3m 
(mg/kg) 

CC-13 
Oil 

Stain 
0-0.3m 
(mg/kg) 

Hydrocarbons             
F1 (C6-C10)  130 42 <10   <10   100  15 
F2 (C10-C16)  450 7100 450   <10   2700  90 
F3 (C16-C34)  400 5000 310   130   130  13000 

F4 (>C34)  2800 <10 <10   <10   <10  1400 
Benzene 0.5  <0.04 <0.04   <0.04   <0.04  <0.04 
Toluene 0.8  <0.10 <0.10   <0.10   <0.10  <0.10 

Ethylbenzene 1.2  <0.10 <0.10   <0.10   <0.10  <0.10 
Xylenes 1  <0.20 <0.20   <0.20   <0.20  <0.20 

Petro-Flag   >3125 1621 0 560 1196 925 2068 3578 15 3125 
BOLD   Indicates exceedences to 2001 CWS-PHC Residential Land Use Criteria 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 2.4.1 Soil Samples 

Summary of Laboratory Results 
Cape Christian, AST and Air Terminal Building Area 

 
 

 Remediation Criteria AST and Sea Valve 
 1999 CCME 

Residential/ 
Parkland 
(mg/kg) 

Residential 
Coarse-
Grain 

Eco Soil 
Contact 
(mg/kg) 

CC-59 
 

 (mg/kg) 

CC-60 
 

(mg/kg) 

CC-61 
 

 (mg/kg) 

CC-62 
 

 (mg/kg) 

Hydrocarbons       
F1 (C6-C10)  130  <10  54 
F2 (C10-C16)  450  520  2700 
F3 (C16-C34)  400  210  91 

F4 (>C34)  2800  <10  <10 
Benzene 0.5   <0.04  <0.04 
Toluene 0.8   <0.10  <0.10 

Ethylbenzene 1.2   <0.10  <0.10 
Xylenes 1.0   <0.20  <0.20 

Petro-Flag   2622  25  
BOLD   Indicates exceedences to 2001 CWS-PHC Residential Land Use Criteria 
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Table 2.4.2 Results of Delineation 

Area Description ESG Identifier Earth Tech 
Sample # 

Summary of Results Estimated Volume 

Visible Drum 
Lay-Down Area 
near AST  

No specific ESG 
identifier  

CC-01, 03, 
04, 06, 07, 
09, 10, 11, 
12, and 13 

Exceedances for 
CWS-PHC criteria for 
hydrocarbons in 
samples CC-01, 03, 
11, and 13.  Petro-flag 
samples for CC-01, 
03, 07, 09, 10, 11, and 
13 were greater than 
925 ppm. 

Highly visible oil 
stain area around   
CC-13 = 110 m3 
 
 
Area around visible 
barrel lay-down area 
= 500 m3 

Beach AST and 
Sea-Fuel Valve 

No specific ESG 
identifier  

CC-59, 60, 
61, and 62  

Exceedances for 
CWS-PHC criteria for 
hydrocarbons in 
samples CC-60 and 
CC-62.  Petro-flag 
sample for CC-59 was 
2622 ppm.  Petro-flag 
sample for CC-61 was 
only 25 ppm.   

200 m3 

Total Soil Volume Exceeding CCME CWS-PHC Criteria. 810 m3 
 
It should be noted that due to the size of the buried barrel areas identified at the beach 
area, (Figure 2.4) that confirmatory samples for the entire area were not retrieved.  The 
main area near the AST and former terminal building had the greatest indication of 
petroleum staining.  This area was extensively sampled for hydrocarbon contamination at 
various depths and some of the samples were submitted for analyses and others field-
tested with the Petroflag sampling kits.  The drums at the surface were partially 
accessible and randomly inspected to check if they contained petroleum products.  None 
of the randomly selected drums contained product and the drums that were visible 
through the surface sands had a hollow sound (empty barrel) when walked on.  With the 
exception of sample CC-01 sampled from 0.3-0.6 m below grade, most of the samples 
were saturated with melt water below 0.3 m and were subsequently not submitted for 
analyses.  The areas on the site plan are representative of the sampled and delineated 
areas. 

The area around CC13 was delineated by visual observation of the samplers and survey 
crew.  This area had a heavy black stain of what appeared to be used oil and is easily 
identifiable on the ground surface.   

2.5 Hazardous Material Building  
The building is located south of the freshwater dam and consists of an insulated metal-
clad building.  There were several samples retrieved by ESG in this area in 1995, but 
none of the results were above the applied criteria.  Therefore, no delineation samples 
were retrieved from this area.  Figure 2.5 shows the location of the building.  Appendix B 
provides site and location sample photographs (Photographs 2.34 and 2.35).   
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3.0 MATERIALS AND DEBRIS INVENTORY 

3.1 Non Hazardous Debris 
A systematic and detailed inventory and volume estimate of non-hazardous material was 
completed for all areas of the Cape Christian station.  The purpose of this estimate is to 
allow for site remediation planning by establishing the volume of crushed material to be 
landfilled on site, and to estimate the time and resources required to accomplish this task. 

The table below presents the results of this inventory, which was generally conducted 
north to south.  These areas are shown by Photographs 3.1 to 3.15 in Appendix B.  The 
building volumes have been calculated based on building demolition.    

Table 3.1  Non-Hazardous Debris Volume 

Area Description Type of Non-Hazardous Debris Volume 

1 Antenna 
Platform 

Metal cabinets (2), wooden platform, cables, 
poles, guy wires 

50 m3 

2 Cable and 
Poles 

Cables, metal strapping, poles (18 x 25m, 6 m, 
and 2.5 m high), guy wires 

105 m3 

3 Disaster Hut  Steel frame columns, trusses/beams; wooden sill 
foundation, concrete C channels, metal debris 

25 m3 

4 Garage 
Building Area 

Steel frame, wooden foundation sills, metal 
debris, scraper, truck, steel I beams 

55 m3 

5 Fuel Storage 
Tanks 

Five 102,000 L ASTs, concrete support cribs and 
wooden foundation sills, piping 

180 m3 

6 Main Building Metal wall cladding and insulation, steel frames, 
concrete C channels, wooden foundation sills, 
generators, boilers, cabinets, equipment,  

950 m3 

7 Domestic 
Dump Site 

Various debris west of main building, RCMP 
AST, empty barrels (40), tin can dump 

25 m3 

8 Fallen Antenna 
Site 

Concrete base, poles, guy wires, antenna (45 m), 
cables 

30 m3 

9 Power Pole 
Line 

Poles (19), 25 m high, cross piece, 3 guy wires 
each, cables along poles and to main building 

140 m3 

10 Equipment 
Dump 

Vehicles/equipment: dozers, scraper, trucks, 
parts, cable spools, piping, metal sheeting 

240 m3 

11 HazMat 
Building 

Barrels, steel clad building, steel frames, 
building contents, debris, shelving 

120 m3 

12 Air Terminal 
Building 

616,000 L AST, concrete brackets, wooden sills, 
runway roller, steel sheeting, building debris 

150 m3 

13 Water Inlet 
Sewage Outfall 

Piping, cable, insulated tray, sewage outfall line, 
fuel line from beach AST, supports 

40 m3 

14 South Beach 
Barrels 

Approximately 3.6 km south of the main site are 
approximately 150 empty barrels on the beach 

15 m3 

  Total crushed volume 2,125 m3 
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3.2 Hazardous Material  
The Earth Tech project team was fortunate to be assisted during the fieldwork at Cape 
Christian by Robert Eno, Government of Nunavut Environmental Protection Service.  
Robert had been involved in a number of previous site visits and investigations at the 
Cape Christian site including the ESG fieldwork during 1996.  His knowledge of the site 
was very valuable when it came to completing the inventory of hazardous materials. 

Appendix D presents the detailed hazardous material inventory that was compiled by 
Robert Eno during the August 2001 fieldwork.  This document shows the detailed 
calculation of the volumes of asbestos piping insulation and wallboard in the Main 
Station Building, and the detailed count of other hazardous materials on the site.  A 
summary of this information is provided by the table below.  A few examples of these 
hazardous materials are shown by Photographs 3.16 to 3.19 in Appendix B.   

It should be noted that the ESG report identified paint containing PCB’s at this site.  As 
most of the paint used during the era of construction and maintenance of the site either 
had high lead concentrations or some level of PCB’s, all paint on both the interior and 
exterior of the buildings should be considered as hazardous.   

Table 3.2 Hazardous Material Inventory 
Item Location Units No. Volume

Oxygen cylinders (green) Pile east of E. wing 
Road ditch 

100 lbs 
100 lbs 

36 
3 

7 m3 

Dichlorofluoromethane cyl. (orange) Pile east of E. wing 100 lbs 5 2 m3 

Acetylene cylinders Pile east of E. wing 100 lbs 
20 lbs 
2 lbs 

23 
9 
2 

9 m3 

Propane cylinders Pile east of E. wing 20 lbs 2 0.5 m3 

Unknown cylinders Pile east of E. wing 100 lbs 2 1 m3 

Carbon dioxide cyl. (fire suppression) E. and W. generator 
rooms 

100 lbs 13 4 m3 

Lubrication oil in drums Garage area 205 L 7 5 m3 

Lubrication oil in diesel generators East and west gen. rooms 202 L 4 3 m3 

Lead acid truck batteries E. Generator room 12 V 4 0.5 m3 

Paint cans, ruptured and/or burst Southeast courtyard 4.5 L 30 1.5 m3 

Paint containing lead or PCB’s All painted surfaces 2 m3 1 2 m3 

Polyurethane coating Southeast courtyard 22.5 L 1 0.5 m3 

Lead sheathed electrical wire Vehicle/cable dump 5 mm 100 m 1 m3 

Asbestos wallboard Main Building - 10 m3 10 m3 

Asbestos piping insulation (friable) Main Building - 10 m3 10 m3 

Total Volume of Hazardous Waste  57 m3 
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The barrels at the maintenance garage were the only barrels identified to have a 
hazardous substance in them.  The contents were clearly marked as motor oil for diesel 
engines, and the texture, odour, colour, and viscosity of the physical samples retrieved on 
site all indicated that the substance was motor oil.  Other barrels were located on site that 
contained fluids.  When these were opened for sampling the contents turned out be water.  
No other barrels with hazardous substances were identified during the site inspection.   

3.3 Ground Conductivity Survey  
The ground conductivity survey was completed using a Geonics EM-31 Geophysical 
Data Logger.  The EM-31 measures the difference in electrical conductivity or resistance 
in shallow soils up to 5 m in depth by inducing a current in one coil of the instrument and 
measuring the difference in current received by the second coil.  Since permafrost is 
relatively low in conductivity, metallic items (i.e. strong conductors) such as barrels and 
buried debris create and increase in measured ground conductivity, thus showing up as an 
anomalous area of interest.   

Typical readings for the area ranged from –6 parts per thousand (ppt) in wet moss 
conditions, to +5-7 ppt on solid rock, and –51 ppt over known/suspected buried metallic 
objects.  Variations due to permafrost thickness were negligible. 

Due to the distribution of the debris on the site, and in particular, along the beach, an 
official survey grid was not established to determine the extent of buried debris on site.  
This method was opted for due to the numerous single anomalies (i.e. a single barrel 
outside the buried stock pile) interfering with data originally set up on a standard 10 m x 
10 m survey grid.  Rather, the locations were visually identified and differences in ground 
conductivity were recorded with the EM-31 geophysical logger and marked with the use 
of survey lath.  The lath were then surveyed for location utilizing the survey crew’s total 
station and recorded on the site plan.  The areas showing the buried barrels and debris are 
presented in Figures 1.2 and 2.3 and are marked as worked areas.   

The total area of the worked areas (not including the south beach area) is 15,000 m2.  
Assuming a single 205 litre barrel occupies an area of 0.45 m2, the total number of 
possible buried barrels in the worked areas based on a single stacked/buried layer is 
estimated to be 6,800 barrels.  The average metallurgical density of barrels is based on 
gauge thickness of 16 g for thick walled barrels equaling 25.5 kgs per barrel; mid-gauged 
barrels at 18 g equaling 19.5 kgs per barrel; and, thin walled barrels at 20 g equaling 17.3 
kgs per barrel.  Since most of the barrels observed on site were of military issue and of 
the thickest gauge, it is estimated that the 6,800 barrels at 25.5 kgs each yields a total 
weight of steel barrels to be 173.4 tonnes.   
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4.0 POTENTIAL LANDFILL SITES AND BORROW AREAS 

4.1 Potential Landfill Sites  
The Earth Tech project team investigated the Cape Christian station area for potential 
sites at which to landfill the non-hazardous physical debris during the site clean-up.  A 
number of possible locations had been identified during previous investigations.  Once 
again Robert Eno was very helpful due to his knowledge of the area. 

Three potential sites were identified including: 

• Site 1 - Man made gulley near the domestic waste dump; 

• Site 2 - Diversion channel to the raw water reservoir; and  

• Site 3 - Raw water reservoir. 
The locations of these sites are shown by Figure 4.1 on the following page. 

Site 1 – Domestic Waste Site Gulley, is shown in Photo 4.1.  Berms have been developed 
on both sides to form this gulley, possibly for the purpose of waste disposal.  The area is 
approximately 25 m in width, 150 m long, with berm heights of approximately 3 m.  A 
sieve analysis was attempted during the fieldwork, although this was hampered by the 
wet conditions at the time.  The result of this analysis combined with field observations 
did indicate that the soil contains virtually no gravel or coarse-grained sand.  The soil is 
mainly silt and it is fairly impermeable (in combination with the underlying permafrost) 
as evidenced by the standing water in this area.  Photo 4.2 shows the results of the field 
sieve analysis that was conducted using the U.S. Standard sieves No. 4, 10, and 40 to 
distinguish between gravel, coarse sand, medium sand and fine sand.  This area is 
approximately 400 m from the Main Station Building and approximately 500 m from the 
Equipment Dump, the two largest areas of physical debris.  The capacity of the site 
assuming debris placed to a depth of 2 m over an area of 20 m by 100 m is 4,000 m3. 

Site 2 – Diversion Channel is shown in Photos 4.3 and 4.4.  This gulley was constructed 
to direct surface runoff to the raw water reservoir and is thus directly in this drainage 
channel.  The gulley is narrower at the start and widens towards the reservoir.  The berm 
heights are approximately 4 m.  The soil conditions are very similar to Site 1 with 
virtually no gravel and coarse sand, and mainly fine grained silty material.  Sieve analysis 
was attempted however the very wet conditions made this very difficult.  This area is 
approximately 350 m from the Main Station Building and approximately 375 m from the 
Equipment Dump, the two largest areas of physical debris.  The capacity of the site 
assuming debris placed to a depth of 2 m over an area of 15 m by 80 m is 2,400 m3. 

Site 3 – Raw Water Reservoir is shown by Photos 4.5 and 4.6.  The reservoir was 
constructed by a large embankment dam which also doubles as the access road to the site.  
This road is at risk due to erosion and a wash out at the culvert at the southern end of the 
reservoir.  The soil that forms the embankment was sampled and is mainly sand.  It is 
likely, however that a more fine grained silty material was used to line the bottom of the 
reservoir which appeared to be very effective in holding water.  The depth of water was 
not determined however the embankment rises approximately 3 m above the water level 
and it is evident that there is sufficient volume in the reservoir to landfill the non-
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hazardous debris from the site.  The development of this site as a landfill would require 
removal of sufficient embankment material to drain the reservoir.  This embankment 
could also serve as fill material.  The distance from the Main Building to a landfill 
constructed at the north end of the reservoir would be 150 m, while the Equipment Dump 
is 350 m away.  The surface area of the entire water supply reservoir at the time of the 
investigation was approximately 18,500 m2 as determined from the site survey data.  
Using a depth of 3 m, the potential capacity of this reservoir as a landfill site is roughly 
55,500 m3, which far exceeds the requirement for site remediation.  It is evident that only 
a small portion of the northern end of the reservoir, such as shown on Figure 4.1, would 
be required.  The area shown would have an approximate capacity of 10,000 m3. 

4.2 Borrow Material  
The Cape Christian station area was investigated to identify sources of borrow material 
that may be used during the site remediation project.  The following sources were 
identified, with soil characteristics as described: 

• Main Building foundation pad – sand and gravel 

• Smaller foundation pads (garage and disaster hut)  - sand and gravel 

• Gulley berms (domestic waste dump and diversion channel)  - sandy silt 

• Road past the Equipment Dump - sand 

• Raw water reservoir embankment - sand 

• Gravel mounds near the runway – sand and gravel 
Laboratory grain size distribution analysis for the potential borrow pit materials was 
beyond the scope of work for this investigation.  An attempt was made in the field to 
conduct a very basic sieve analysis at a number of the sites, however, due to inclement 
weather the samples were too wet to obtain useful results.  In general, as stated above the 
soil conditions at readily available borrow sources were very sandy with little evidence of 
fine grained less permeable soils to use as landfill cover material.    
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5.0 DISCUSSION OF SITE REMEDIATION 

5.1 ESG Report Recommendations  
The Royal Military College ESG report dated March 1996 provided a number of 
recommendations regarding the remediation of the former U.S. Coast Guard Loran 
Station at Cape Christian, Nunavut.  Implementation requirements were proposed for the 
disposition of chemical and physical waste at the site relating to landfill disposal, non-
hazardous debris, hazardous waste, buildings, contaminated soils, barrels and vegetation.  
Section IV Recommendations of the ESG report has been included as Appendix E of this 
report for ease of reference. 

Sufficient information to allow for the preparation of a design and specification package 
for the remediation of the Cape Christian site was lacking from the ESG report.  
Specifically, volumes of contaminated soil and both hazardous and non-hazardous debris, 
a surveyed site plan and recommendations for landfilling were not provided.  The August 
2001 site assessment has now obtained the necessary information as outlined below. 

5.2 Earth Tech Assessment Findings  

The remediation recommendations are discussed below in the same order as they were 
presented in the ESG report. 

1.  New Landfill Site – Three options were investigated for the development of a landfill 
site; the Domestic Waste site gulley, the Diversion Channel, and the Raw Water 
Reservoir.  A number of criteria should be used to evaluate these sites including capacity, 
proximity to the site debris, development requirements, site drainage and soil conditions.  
Using these criteria Earth Tech recommends the use of the north end of the Raw Water 
Reservoir as a landfill site for contaminated soil and non-hazardous debris.  This site has 
large capacity and is very close (150 to 200 m) and downhill from the Main Building area 
which has approximately 65% of the non-hazardous debris on the site.  It is suspected 
that the reservoir is already lined with fine grained soil (possibly excavated from the area 
of the Domestic Waste site gulley), and ample borrow material is readily available to 
stabilize and cover the site. 

2.  Beach Area Barrel Dumps – The ESG report had estimated that areas of buried barrels 
in the beach and runway area were very extensive and covered an area of 500,000 m2.  
The August 2001 assessment, through visual inspection of these areas combined with the 
use of geophysics to verify buried metal, has shown this area to be a significantly smaller 
15,000 m2.   These areas are shown on the report site plans.  The ESG recommendation to 
stabilize these buried barrels in place is agreed with, following compaction of those areas 
where empty barrels are collapsing and creating voids. 

3.  Non-Hazardous Debris – The assessment estimated the volume of non-hazardous 
debris at the Cape Christian site to be 2,125 m3 once it has been crushed, placed and 
compacted into the landfill site.  The remediation plan will need to consider how the 
Main Building will be safely dismantled, and how the various types of debris will be 
transported from their current location to the landfill site. 
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4.  Hazardous Waste – Section 3.2 has briefly described the hazardous material at the 
Cape Christian station.  In addition, Appendix D presents a detailed inventory that was 
prepared by Robert Eno, Government of Nunavut.  This material will need to be disposed 
of in accordance with the applicable regulations and in general will need to be transported 
off site.  The exception to this is the asbestos material which can be double wrapped in 
plastic and disposed of in the landfill site.  The volume of asbestos material has been 
estimated at 20 m3. 

5.  Buildings – Once the hazardous material has been removed from the buildings they 
can be demolished, taking all appropriate safety precautions, especially for the Main 
Building.  The March 1997 ESG report deals with the issue of PCB paint inside the 
buildings and whether or not the US EPA proposal for the disposal of PCB painted debris 
will apply to this site.  At the time of building demolition the status of this issue will need 
to be confirmed.  Selection of the Site 3 – Raw Water Reservoir for the landfill site will 
greatly facilitate the disposal and encapsulation of the Main Building materials since it is 
a distance of only 150 m down hill to this site. 

6.  Soils – The ESG report recommends the excavation of contaminated soils which 
exceed the Dew Line Clean-up criteria (DCC) from eight areas of the Cape Christian site.  
Disposal in a ‘manner that precludes contact with the Arctic ecosystem’ is recommended.  
Petroleum hydrocarbon contamination (PHC) was not investigated to any great extent.  
The August 2001 assessment has further delineated soil contamination exceeding the 
CCME 2001 CWS and CCME 1999 criteria.  These locations and volumes are detailed in 
Section 2.0 Contaminant Investigation and summarized below. 

• Main Building Area:   CCME Metals - 29 m3, PCB – 2 m3, CWS-PHC – 235 m3, 
and total volume of 266m3.   

• Garage/Disaster Hut: CWS-PHC – 50 m3. 

• Sewer Outfall Area: CCME Metals - 160 m3.  

• Beach AST Area: CCME CWS-PHC - 810 m3.   
Total metals impacted soil equates to 189 m3, with 25% contingency ~240 m3.  Total 
PCB impacted soil equates to 2 m3, with 25% contingency ~2.5 m3.  Total CWS-PHC 
impacted soil equates to 1095 m3, with 25% contingency ~1,370 m3.  The total impacted 
soils at the Cape Christian station that exceed one or more CCME Criteria is 
approximately 1600 m3, including a 25% contingency.   

The soils exceeding the CCME 1999 Soil Quality Guidelines or the 2001 Canada Wide 
Standards for Petroleum Hydrocarbons in Soil are recommended to be disposed of on site 
in manner that will prevent further contact with the local ecosystem.    

7.  Barrels – The recommendations made in the ESG report concerning the handling of 
barrels are fully supported.  The vast majority of these barrels are empty and should be 
crushed to reduce their volume and then landfilled.  Any barrels found to still contain 
product should be treated in accordance with the DLCU Barrel Protocol.  The volume of 
non-hazardous material detailed in Section 3.1 includes all empty barrels on the Cape 
Christian site.  Section 3.2, Hazardous Material, identifies seven barrels containing 
lubrication oil in the area of the garage building. 
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6.0 CONCLUSIONS  

The following conclusions can be drawn from the environmental assessment that has 
been completed during August 2001 at the former U.S. Coast Guard Loran station at 
Cape Christian, Nunavut. 

• The Cape Christian site is readily accessible to the residents of Clyde River.  In 
the current partially demolished condition it poses a significant health and safety 
risk, as well as an environmental concern. 

• Previous environmental investigations and remedial efforts have resulted in the 
removal of most of the more serious sources of environmental contamination on 
the site; specifically PCB containing equipment. 

• Metals contamination exceeding CCME 1999 criteria exists in a number of areas 
at the station.  Contaminated soil volumes have been delineated at each location 
of concern and the total volume of metal impacted soil is 189 m3, or 240 m3 
including a 25% contingency. 

• The only site with PCB contamination of soils exceeding the CCME 1999 Criteria 
is the Main Building Area, with a contaminated volume of 2 m3.   

• Hydrocarbon soil contamination exists in significant quantities at the site, 
particularly adjacent to the Main Building and ASTs (235 m3), and the area of the 
Beach AST and buried barrels near the Air Terminal Building (810 m3).  The total 
soil volume exceeding the 2001 CCME CWS-PHC criteria is 1,095 m3, or 
roughly 1,370 m3, with a 25% contingency.   

• Hazardous and non-hazardous material has been identified and quantified to allow 
for disposal planning.  The volume of non-hazardous material that can be 
landfilled on site is approximately 2,125 m3.  A detailed hazardous material 
inventory has been provided.  With the exception of 20 m3 of asbestos material 
these items should be removed from the site. 

• Areas for the landfilling of non-hazardous debris and for sources of borrow have 
been identified.  Of these the best location due to capacity and proximity to the 
bulk of the debris is the north end of the Raw Water Reservoir.  The reservoir will 
need to be drained and the existing berm provides a huge source of cover material 
to stabilize and fill the crushed debris. 

• A detailed topographic map of the Cape Christian site has been surveyed to a 
contour interval of 0.5 m, and is provided as Appendix A to this report.  This will 
prove very useful for remediation project planning. 
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The production and use of this Report is conditional upon the following 
agreement by the Client and Others who may use or rely upon it. 

1. MANDATE OF EARTH TECH 

This Report has been prepared pursuant to the instructions of the Client, 
and is subject to the constraints imposed by those instructions.  Earth 
Tech & Partners Ltd. ("Earth Tech") and the Client are aware of these 
instructions and constraints.  Others, who wish to rely upon this Report 
in any manner, should inquire of the Client for the terms of Earth 
Tech's mandate in preparing this Report. 

2. BASIS OF REPORT 

2.1 Representations to Earth Tech by Client 
This Report has been prepared for the specific site, development, design 
objective, and purpose described to Earth Tech by the Client and is 
specifically based on all of the aforesaid. 

Inaccuracies or alterations, of any of the matters upon which this Report 
is based, will affect the reliability and applicability of this Report. 

2.2 Representations to Earth Tech by Other Persons 
Earth Tech may have relied upon the representations or opinions of 
persons other than the Client in the course of preparing this Report.  
Earth Tech may not have checked the accuracy of such representations 
or opinions except where directed to do so by the Client.  The accuracy 
of these representations and opinions will affect the accuracy of this 
Report. 

2.3 Time Sensitivity of Report 
The findings expressed in this Report by Earth Tech were valid, in 
accordance with generally accepted engineering practice and procedures, 
at the time that they were made.  The Client and Others are advised that 
the conditions upon which such findings were based, and the findings 
themselves may be subject to change as a result of the passage of time. 

3. USE OF REPORT BY THE CLIENT 

The Client recognizes that projects involving pollutants and hazardous 
waste, as defined below, create extraordinary risks.  In consideration of 
the said extraordinary risks and in consideration of Earth Tech 
providing the services to the Client in connection with the project on 
which pollutants and hazardous wastes are involved, the Client agrees 
that Earth Tech's liability to the Client, including liability resulting from 
claims by Third Parties upon the Client, with respect to any matter in 
any way arising out of Earth Tech's involvement with pollutants and 
hazardous wastes associated shall be limited to or otherwise protected as 
provided in paragraphs (a) and (b) below. 

(a) Earth Tech's liability to the Client in connection with pollutants and 
hazardous waste is absolutely limited, both in contract and in tort for 
any and all claims arising out of or in connection with the project to 
a total maximum aggregate amount not to exceed the cost of 
reperformance of the services at the sole cost of Earth Tech for that 
portion of the services proven to be in error. 
It is further agreed that such limitation shall be exclusive of the 
liability of Earth Tech to the Client which may otherwise be 
provided for in this Agreement for claims unrelated to pollutants 
and hazardous wastes. 
In further consideration of Earth Tech providing the services to the 
Client in connection with the project in which pollutants and 
hazardous wastes are involved, the Client agrees that in connection 
with incidents and claims initiated by Third Parties involving 
pollutants and hazardous wastes, the Client shall indemnify, defend 
and hold harmless Earth Tech of and from any and all suits, actions, 
legal and administrative or arbitration proceedings, claims, 
demands, damages, penalties, fines, losses, costs and expenses of 
whatsoever kind or character, arising or alleged to arise out of the 
services of Earth Tech or any claim against Earth Tech arising or 
alleged to arise from the acts, omissions or work of others.  Such 
indemnification shall apply to the fullest extent permitted by law, 

regardless of fault or breach of contract by Earth Tech and shall 
include the fees and charges of lawyers in defending or advising 
Earth Tech as to such claims under the Agreement. 
Without limiting the generality of the foregoing, such indemnity 
extends to claims which arise out of the actual or threatened 
dispersal, discharge, escape, release or saturation (whether sudden 
or gradual) of any pollutant to hazardous waste in or into the 
atmosphere, or on, on to, upon, in or into the surface or subsurface, 
soils, water or water courses, persons, objects or any other tangible 
matter. 

(b) Nothing herein shall relieve Earth Tech from their obligations to 
provide the services required by this Agreement and generally as 
required by standard engineering practice current as of the date of 
the performance of the services. 

(c) For all purposes of this statement of limitations, "pollutants and 
hazardous wastes" shall mean any solid, liquid, gaseous or thermal 
irritant or contaminant, including without limitation smoke, vapour, 
soot, fumes, acids, alkalis, chemicals and wastes, including without 
limitation, pollutants, hazardous or special waste as defined in any 
federal, provincial or municipal laws. 

4. SUBCONSULTANTS AND SUBCONTRACTORS 

As a result of its mandate, Earth Tech may hire companies or 
individuals with special expertise or services not available within Earth 
Tech.  These services are for the Client's benefit.  The Client agrees to 
pay for the services of subconsultants and subcontractors.  The Client 
also agrees to indemnify Earth Tech for any damage in any way 
resulting from the error, omission or negligent act of such subconsultants 
or subcontractors, including, without limiting the generality of the 
foregoing, the laboratory testing by subconsultants. 

5. JOB SITE SAFETY 

Earth Tech is only responsible for the activities of its employees on the 
job site and is not responsible for the supervision of any other persons 
whatsoever.  The presence of Earth Tech personnel on the site shall not 
be construed in any way to relieve the Client or any other persons on site 
from their responsibilities for job site safety. 

6. HAZARDOUS CONDITIONS AND EMERGENCY PROCEDURE 

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

7. NOTIFICATION OF AUTHORITIES 

The Client acknowledges that in certain instances the discovery of 
hazardous substances or conditions and materials may require that 
government bodies, and other persons, be informed and the client agrees 
that notification to such bodies or persons as required may be done by 
Earth Tech in its reasonably exercised discretion. 

8. USE OF REPORT BY OTHERS 

Others wishing to rely upon this Report in any manner may do so only 
upon condition that such use, and the consequences of such use, are 
entirely at their own risk and that they understand fully the terms of the 
Mandate and Basis of this Report. 

It is further agreed by such Others that Earth Tech will not be liable to 
them in any manner including any liability in contract or in tort for any 
damages whatsoever arising from such use. 




