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Statement of Qualifications and Limitations 
 
 
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd.  (“Consultant”) for the benefit of the 
client (“Client”) in accordance with the agreement between Consultant and Client, including the scope of work 
detailed therein (the “Agreement”). 
 
The information, data, recommendations and conclusions contained in the Report: 
 

 are subject to the scope, schedule, and other constraints and limitations in the Agreement and the 
qualifications contained in the Report (the “Limitations”) 

 represent Consultant’s professional judgement in light of the Limitations and industry standards for the 
preparation of similar reports 

 may be based on information provided to Consultant which has not been independently verified 
 have not been updated since the date of issuance of the Report and their accuracy is limited to the time 

period and circumstances in which they were collected, processed, made or issued  
 must be read as a whole and sections thereof should not be read out of such context 
 were prepared for the specific purposes described in the Report and the Agreement  
 in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing 

and on the assumption that such conditions are uniform and not variable either geographically or over 
time 

 
Unless expressly stated to the contrary in the Report or the Agreement, Consultant: 
 

 shall not be responsible for any events or circumstances that may have occurred since the date on 
which the Report was prepared or for any inaccuracies contained in information that was provided to 
Consultant 

 agrees that the Report represents its professional judgement as described above for the specific 
purpose described in the Report and the Agreement, but Consultant makes no other representations 
with respect to the Report or any part thereof 

 in the case of subsurface, environmental or geotechnical conditions, is not responsible for variability in 
such conditions geographically or over time 

 
The Report is to be treated as confidential and may not be used or relied upon by third parties, except: 
 

 as agreed by Consultant and Client 
 as required by law 
 for use by governmental reviewing agencies 

 
Any use of this Report is subject to this Statement of Qualifications and Limitations.  Any damages arising from 
improper use of the Report or parts thereof shall be borne by the party making such use. 
 
This Statement of Qualifications and Limitations is attached to and forms part of the Report.   
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1. Post Construction Monitoring Program 
1.1 Introduction 
The FOX-5 Broughton Island DEW Line site is located on the southeastern edge of Broughton Island.  
Broughton Island is a small island off the east coast of the Cumberland Peninsula of Baffin Island.  The 
FOX-5 site is located at 67o 33’ north latitude and 63o 49’ west longitude.  The site is located 
approximately 9 km east of the community of Qikiqtarjuaq (formerly Broughton Island) and sits on a high 
point about 2 km inland of Davis Strait.  The main site is approximately 550 m above sea level and is 
accessed by an all-season road; however, the road has not been maintained since the completion of the 
site clean-up.  The former airstrip for the site operations is located by the coast, adjacent to the 
community, and there is commercial airline access to the community.  A maintained helipad is present at 
the upper site in the vicinity of the North Warning System (NWS) Short Range Radar Site (SRR). 
 

1.2 Background 
FOX-5 was originally an auxiliary station within the original DEW Line system that was decommissioned 
in 1991.  A remotely operated NWS SRR Station has been constructed in its vicinity.  The environmental 
clean-up and demolition of facilities not required for the operation of the SRR site commenced in 2001 
and was completed during the summer of 2006.  The clean-up included the closure and remediation of 
two existing landfills as well as the construction of two landfills for the disposal of non-hazardous wastes 
generated from demolition, and collection of site debris, one of which was also constructed to contain Tier 
II soils in a separate cell.  The remaining existing landfills and new landfills, as shown on the overall site 
plan, Figure FOX-5.1, include: 
 
• Middle Site Non-Hazardous Waste Landfill 
• Tier II Disposal Facility 
• Main Landfill 
• Station Area Non-Hazardous Waste Landfill 
 
The Department of National Defence (DND), in cooperation with Nunavut Tunngavik Incorporated (NTI), 
developed a landfill monitoring plan to address post closure monitoring requirements for the landfills at 
the DEW Line Sites (Appendix B).  Defence Construction Canada (DCC) is managing the cleanup and 
monitoring programs on behalf of DND. 
 
The objective of the landfill monitoring program is to collect sufficient information to assess the 
performance of the landfills from a geotechnical and environmental perspective. The landfill monitoring 
plan specifies the requirements for visual inspection, and chemical and thermal monitoring of landfills at 
the DEW Line sites under DND’s jurisdiction. 
 
Table 1 provides the landfill monitoring schedule for the FOX-5 site. 
 

Table 1- MONITORING SCHEDULE – FOX-5 QIQIKTARJUAQ 
No. of Years After 

Construction Monitoring Event Number Year 

Prior to/During: Baseline 2006 
1 1 2007 
2 2 2008 
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3 3 2009 
4 4 2010 
5 5 2011 
7 6 2012 

10 7 2015 

15 8 2020 

25 9 2030 

 
 

1.3 Program Components 
The post-construction landfill monitoring program consists of four main components to measure the 
performance of the landfills, depending on the remediation plan for each landfill.  These components are 
visual, soil, groundwater and thermal monitoring.  Details on each of the monitoring components are 
provided below. 

1.3.1 Visual Monitoring 

The physical condition of each landfill is inspected in accordance with the Visual Inspection Checklist 
provided in the Environmental Provisions of the NTI-DND Agreement. Documented observations include 
evidence of settlement, ponding, frost action, erosion, and lateral movement, as well as sloughing of 
berms, and thermal contraction cracks. Documentation of observations is supported using hand drawn 
sketches, as applicable. Photographic Records are provided to document the general condition of the 
landfill and to substantiate all recorded observations. 

1.3.2 Soil Monitoring 

Baseline conditions refer to existing soil chemistry at the landfill area prior to and during remediation. The 
baseline landfill monitoring program consists of two phases: samples collected as part of the landfill 
assessment program which determined whether the landfill posed a potential environmental risk, and 
samples collected during the construction/closure of the landfill. The results of subsequent landfill 
monitoring events are compared to baseline and background values to evaluate any potential changes in 
environmental conditions. 
 
As part of the baseline sampling program, soil samples are collected in areas upgradient and 
downgradient of each landfill. Upgradient samples are targeted to areas near the landfill, but not 
influenced by migration of contaminants through the landfill. Upgradient samples are meant to be 
representative of contaminant input conditions to the landfill and serve as the primary basis upon which to 
compare the downgradient contaminant concentrations. 
 
Downgradient soil samples are collected at surface/shallow depths from designated areas at the toe of 
each landfill and from areas of preferential drainage. These soil samples are collected and analyzed to 
document whether there has been migration of contaminants from the landfill area. Although 
contaminants are primarily transported in water (surface and groundwater), they have a tendency to 
adsorb to soil particles the water is migrating through. Therefore the soil still retains information regarding 
the historical input of contaminants. 
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Analytical results of soil samples collected downgradient of landfills are compared to contaminant 
concentrations of samples collected upgradient of landfills. Downgradient samples are also compared to 
overall site background contaminant levels because they help in establishing a more broad level of 
contaminant concentrations that can be found at the site, particularly where different soil or rock types are 
present. Contaminant concentrations in downgradient samples that are significantly higher than 
background or upgradient concentrations, particularly where there have been changes over time; provide 
evidence of contaminants having migrated to, possibly beyond the soil sampling location. These data, in 
conjunction with other site-specific information, were used in the assessment of the environmental status 
of the landfill and the determination of an appropriate remediation solution. 
 
Samples collected during baseline and subsequent landfill monitoring are analyzed for the following 
parameters: 
 
 Inorganic elements: arsenic, cadmium, chromium, cobalt, copper, lead, nickel, and zinc. 
 Mercury. 
 PCBs (polychlorinated biphenyls – total Aroclor). 
 TPH (Total Petroleum Hydrocarbons) – as represented by the sum of F1 (nC6 to nC10), F2 (nC10 to 

nC16), and F3 (nC16 to nC34), as defined by the CCME Tier I Method – Rev. 5, Analyses of Total 
Petroleum Hydrocarbons in soil. 

 
The requirement for the analyses of baseline samples is to provide record information on the 
environmental status of the landfill should potential problems be identified during the monitoring program.  

1.3.3 Groundwater Monitoring 

During the construction phase, permanent groundwater monitoring wells are installed at all existing 
landfills classified as a moderate environmental risk (Class B landfills) and at new landfills built to support 
site remediation. At FOX-5, this includes the two Non-Hazardous Waste Landfills (new), and the Tier II 
Disposal Facility (new). Groundwater monitoring wells were installed hydraulically upgradient and 
downgradient of the landfills.  Surface and shallow depth soil samples are also collected adjacent to 
monitoring well locations.  Analytical data from water samples collected from wells up and downgradient 
are reviewed in conjunction with soil analytical data to evaluate potential impacts associated with the 
landfill.   
 
For baseline and for future monitoring events, the following physical measurements are recorded prior to 
the collections of groundwater samples from a monitoring well: 
 
 Water elevation. 
 Total water depth. 
 Height of well stick-up. 
 Depth to bottom of well. 
 Presence of hydrocarbons. 
 Hydrocarbon thickness (if appropriate). 

 
Prior to sampling, monitoring wells are purged until groundwater parameters such as pH, temperature 
and conductivity stabilize. In the event of low recharge volumes, standing water may be sampled and 
specifically documented. Water samples are not filtered. 
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Following withdrawal of a water sample, other physical measurements recorded inside: 
 
 Colour, odour. 
 pH, conductivity and temperature. 

 
Groundwater samples are analyzed for the following parameters: 
 
 Inorganic elements (total concentrations): arsenic, cadmium, chromium, cobalt, copper, lead, nickel 

and zinc. 
 Mercury. 
 PCBs (polychlorinated biphenyls – total Aroclor). 
 TPH (Total Petroleum Hydrocarbons) – C6 to C32. 

 

1.3.4 Thermal Monitoring 

For Class B landfills and Tier II Soil Disposal Facilities where a component of the design includes the 
placement of sufficient fill to promote aggradation of permafrost through the landfill contents, geothermal 
modeling is conducted to determine the maximum depth of active layer at the landfill, and the amount of 
fill required on the landfill surface to ensure that the active layer does not penetrate into the landfill 
contents following freeze-back.  Modeling also determines the length of time required for the landfill 
contents to freeze-back following the placement of additional surface fill.  Geothermal modeling considers 
the following:  
 
 soil type  
 soil thermal properties 
 presence or absence of insulating cover (vegetation or snow drift) 
 measured ground temperatures at the site or at nearby sites 
 measured air temperature and climatic data  
 an estimated 1 in 100 warm year air temperature 
 an estimated ten consecutive years of 1 in 100 warm years, and  
 an estimate of the effect of global warming (based on estimates of temperature change reported by 

the Panel on Energy Research and Development for Environment Canada – PERD – in 1998).  
 
At FOX-5, a typical active layer depth based on mean climatic data is 1.5 m for the Tier II Soil Disposal 
Facility, and required the placement of approximately 2.5 m of fill to achieve freeze back.    
 
During landfill construction, vertical thermistors were installed within the landfill to record ground 
temperatures. Measured ground temperatures will be compared to the active layer depth and freeze back 
time modelled during design.  It is anticipated that all landfills where freeze back is an integral part of the 
design will reach thermal equilibrium within approximately five years following closure.  If thermal 
equilibrium is not achieved within five years, it may be necessary to increase the term of the thermal 
monitoring. 

1.4 Frequency 
The landfill monitoring program consists of three phases, as described in detail below. 
 

STREET.AM
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1.4.1 Phase I 
Phase I involves monitoring of conditions to confirm that equilibrium is achieved.  The frequency of 
monitoring events during Phase I is dependent on the closure or remediation design at specific landfills.  
The five-year term was selected on the basis that ground-temperature thermal regimes will require three 
to five years to reach equilibrium.   

An evaluation of all Phase I data is carried out at the end of five years to confirm that thermal and 
chemical equilibrium is achieved, and that no stability issues are identified.  The Phase I monitoring 
program may be extended, if required, to provide sufficient data to establish equilibrium conditions. 

The first year of the Phase I post-construction monitoring is completed by the Environmental Sciences 
Group (ESG) of the Royal Military College of Canada, who are part of the DEW Line Clean Up Project 
Team.  Subsequent landfill monitoring events are carried out by independent contractors, who 
successfully win the competitive tender. 

1.4.2 Phase II 
Phase II monitoring is the verification of equilibrium conditions established in Phase I.  The monitoring 
frequency in Phase II is downgraded from Phase I and will be carried out according to the following 
schedule: year 7, 10, 15 and 25.  Year 25 marks the end of Phase II monitoring. 

1.4.3 Phase III 
Phase III involves the monitoring for long-term issues such as liner integrity, permafrost stability and 
significant storm events.  At the end of the Phase II program, 25 years after construction, a re-evaluation 
of the landfill monitoring program will be carried out prior to initiating any Phase III program.  The scope of 
the Phase III monitoring program is not included here, but is anticipated to be based on a 10 year 
monitoring interval. 

1.5 Review and Evaluation Process 
An Environmental Working Group (EWG) was established to provide a technical report and to support the 
DLCU Steering Committee.  This working group is comprised of qualified engineering and environmental 
scientists with expertise in environmental remediation and clean up in northern climates.  The EWG has 
four designated representatives, two from each of the Owner (DND) and the Inuit (through the NTI), 
respectively. 

During the monitoring program, the EWG reviews the results of the monitoring program in accordance 
with the methodology as described previously.  The results of the review and any recommendations 
regarding changes to the monitoring plan and/or remediation requirements are reported to the DND/NTI 
Steering Committee. 

The requirement for further monitoring after 25 years is evaluated.  Monitoring may be terminated if the 
performance of the landfill was satisfactory over the period of monitoring from an environmental, 
geotechnical and thermal perspective, as appropriate.  The assessment of satisfactory performance is 
carried out jointly by the NTI and DND. 
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2. Detailed Landfill Monitoring Requirements 
Site figures documenting the monitoring locations at each landfill are provided in Appendix A.  Table 2 provides a 
summary of the general landfill monitoring requirements at the DND DEW Line sites following construction.   

Table 2 - General Landfill Monitoring Requirements 

Landfill Classification Visual 
Inspection 

Groundwater 
Sampling 

Soil Sampling Thermal 
Monitoring 

Existing Landfills, High Potential 
Environmental Risk (Class A) Not required, as landfill to be excavated 

Existing Landfills, Moderate 
Potential Environmental Risk 
(Class B) 

    

Existing Landfill, Low Potential 
Environmental Risk (Class C)     

New Landfill, Non-Hazardous 
Waste Landfill     

New Landfill, DCC Tier II 
Disposal Facility     

 
A summary of these requirements, as related to the specific landfills at FOX-5, is provided in Table 3. The rationale 
for the monitoring requirements is provided in the landfill-specific sections. 
 
Table 3 – FOX-5 Landfill Monitoring Requirements 

Landfill Designation Visual 
Inspection 

Groundwater 
Sampling 

Soil Sampling Thermal 
Monitoring 

Middle Site Tier II Disposal 
Facility and Non-Hazardous 
Waste Landfill 

    

Station Area Non-Hazardous 
Waste Landfill     

Main Landfill     
 

2.1 Station Area Non-Hazardous Waste Landfill 
The Station Non-Hazardous Waste Landfill was constructed at the Broughton Island site, east of the station area, for 
the disposal of non-hazardous materials generated from the demolition of facilities not required for the operation of 
the SRR, for site debris collected during cleanup and for Tier I contaminated soil.  The location of this landfill 
encompasses the former sewage outfall.  During the investigation phase, contaminated soil in excess of Tier I and 
Tier II criteria was identified in surface soil samples collected in this area.  While the required contaminated soil was 
excavated during site cleanup, because of its location in a historically contaminated area, there is the potential for 
elevavated levels of PCBs and inorganic elements to be detected during monitoring.   
 
The design of the Station Non-Hazardous Waste Landfill included the construction of compacted perimeter berms, 
and the placement of a cover of compacted granular fill over the landfilled material.  Five groundwater monitoring 
wells were installed at the landfill perimeter. 
 
The long term monitoring plan consists of visual monitoring, and the periodic collection of soil and groundwater 
samples.  Approximate sample locations are identified on Figure 5.2. 
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2.2 Main Landfill 
The Main Landfill is located approximately 1 km northwest of the Station Area, in a broad valley.  The landfill was 
estimated to encompass an area of over 10,000 m2 with a toe extending approximately 3.5 m above existing grade.  
The depth of the landfill was estimated to be on average 1.5 to 2 metres.  Contaminant migration was detected at 
the landfill prior to remediation.   
 
Based on existing information regarding this landfill as a source of contamination, its potential migration pathways 
and receptors, the Main Landfill was classified as moderate potential environmental risk.  The remediation consisted 
of a leachate containment system, consisting of a synthetic liner system, and the placement of sufficient granular fill 
at surface to cause aggradation of permafrost through the landfill contents.  Existing drainage channels for surface 
water were be backfilled and drainage was re-routed around the landfill.  Five groundwater monitoring wells were 
installed at the landfill perimeter, and eight thermistors were installed within the landfill footprint to monitor freeze 
back conditions.  In addition, four of the downgradient thermistor installations were also equipped with pore pressure 
piezometers to monitor pore pressure in the downgradient landfill area for slope stability. 
 
The long term monitoring plan consists of visual monitoring, collection of soil and groundwater samples, and 
monitoring of subsurface ground temperatures and pore pressure.  Approximate sample locations are identified on 
Figure FOX-5.3. 
 

2.3 Middle Site Tier II Soil Disposal Facility/Non-Hazardous Waste Landfill 
The Middle Site Tier II Soil Disposal Facility/Non-Hazardous Waste Landfill is located along the road between the 
main station and the community of Qikiqtarjuaq.  Before construction, the area had no visual or olfactory indication of 
contamination and no debris was noted in the area.  The conjoined facility was constructed to contain Non-
Hazardous debris derived from demolition and surface debris pickup, and to dispose of Tier II level contaminated 
soil.   
 
The landfill was constructed with two separate cells, based on difffering containment requirements.  The Non-
Hazardous Waste cell was constructed of compacted perimeter berms, with the placement of a cover of compacted 
granular fill over the landfilled material.  The Tier II cell was constructed with the placement of low-permeability, 
saturated, compacted berms, the installation of a liner system over the berms and along the landfill base, and the 
placement of a surface liner system over the landfill contents with the placement of overlying sufficient granular fill to 
promote freezeback of landfill contents.  Five groundwater monitoring wells were installed at the landfill perimeter, 
and four thermistors were installed in the Tier II Facility cell. 
 
The long term monitoring plan consists of visual monitoring, the collection of soil and groundwater samples, and 
monitoring of subsurface ground temperatures of the landfill.  Approximate sampling locations are identified on 
Figure FOX-5.4. 
 
 

Table 4: Summary Of Landfill Monitoring Installations/ Sampling Locations 
FOX-5 Qikiqtarjuaq 
 
 Coordinates1 Elevation 
Landfill Designation/Monitoring Locations North (m) East (m) (masl) 
Main Landfill    - 
MW-10 (soil and groundwater) 5660.5 4514.2 511.2 
MW-11 (soil and groundwater) 5904.4 4665.5 484.4 
MW-12 (soil and groundwater) 5891.5 4700.2 479.8 
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Table 4: Summary Of Landfill Monitoring Installations/ Sampling Locations 
FOX-5 Qikiqtarjuaq 
 
 Coordinates1 Elevation 
Landfill Designation/Monitoring Locations North (m) East (m) (masl) 
MW-13 (soil and groundwater) 5858.1 4719.3 480.6 
MW-14 (soil and groundwater) 5801.6 4700.7 493.4 
VT-1 (temperature) 5871.2 4671.1 485.5 
VT-2 (temperature) 5864.2 4658.5 491.0 
VT-3 (temperature) 5855.8 4681.5 486.3 
VT-4 (temperature) 5848.4 4669.3 491.0 
VT-5 (temperature) 5832.7 4644.6 496.2 
VT-6 (temperature) 5811.8 4557.9 501.4 
VT-7 (temperature) 5751.2 4602.7 505.6 
VT-8 (temperature) 5722.2 4615.8 505.8 
Middle Site Tier II Soil Disposal Facility/Non-
Hazardous Waste Landfill 

   

MW-5 (soil and groundwater) 9760.6 15584.6 313.2 
MW-6 (soil and groundwater) 9736.9 15446.6 305.9 
MW-7 (soil and groundwater) 9808.2 15438.1 303.1 
MW-8 (soil and groundwater) 9877.3 15490.4 303.5 
MW-9 (soil and groundwater) 9878.4 15541.2 306.7 
VT-9 (temperature) 9748.5 15527.3 313.4 
VT-10 (temperature) 9773.1 15544.8 314.0 
VT-11 (temperature) 9779.4 15507.9 311.4 
VT-12 (temperature) 9811.9 15484.6 310.3 
Station Non-Hazardous Waste Landfill    
MW-15 (soil and groundwater) 5180.119 5132.816 571.5 
MW-16 (soil and groundwater) 5175.227 5041.688 570.6 
MW-17 (soil and groundwater) 5252.856 5028.479 567.0 
MW-18 (soil and groundwater) 5284.745 5061.284 565.8 
MW-19 (soil and groundwater) 5265.135 5101.161 567.3 

Note 1.  Coordinates are referenced to a local site grid coordinate system and are approximate only for soil 
sampling locations.  Monitoring well and thermistor coordinates as provided by the cleanup contractor 
(survey).  Refer to Figure FOX-5.1 for site survey control monuments in local coordinate system. 
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