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1.0 Construction Monitoring Program 
The program during the construction phase of the project addresses the requirement for effluent 
monitoring of the sewage lagoon.  Currently, sewage from the CAM-4 site is being collected and treated 
by the Hamlet.  This monitoring plan was submitted to the Nunavut Water Board for approval in 2003. 
 

Table 1: Monitoring Requirements During the Construction Phase 

Location Sample Type Frequency Parameters 

Mineral Oil & Grease 

Total Suspended Solids 

Biological Oxygen 
Demand 

Faecal Coliforms 

C4-1 Water  Twice.  Once at 30 
days after 
establishment and 
once prior to 
discharge. 

pH 
Note: Coordinates of have not been collected. 
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2.0 Post-Construction Monitoring Program 
2.1 Introduction 
The following summary is being provided for the post-construction landfill monitoring program as 
described in the DND-NTI Environmental Cooperation Agreement for the former CAM-4, Pelly Bay DEW 
Line site.  Information on both the development and review process for the program, as well as the 
specific components of the program are included. 

2.2 Background 
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.  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. 

2.3 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 water and thermal monitoring.  Details on each of the monitoring components 
are provided below. 

Visual Monitoring: The physical integrity of the landfill is inspected and reported using hand-drawn 
sketches.  Documented observations include: 

• Evidence of settlement, ponding, frost action, erosion, and lateral movement. 
• Sloughing of berms/covering layers, thermal contraction cracks, etc. 

Photographic records are to be provided to document the general condition of the landfill and to 
substantiate all recorded observations.  The location of all photographic viewpoints will be referenced to 
existing monuments. 

Soil and Groundwater Monitoring: The soil and groundwater monitoring program consists of 
baseline/background assessment and contaminant evaluation.  Background conditions represent soil and 
water quality from an area not impacted by the landfill.  Background (naturally occurring) values are 
obtained from samples collected from areas that were not directly influenced by activities at the DEW Line 
site, but are indicative of the prevailing geochemistry.  These samples are taken hydraulically upgradient 
and at some distance from the landfill.  Baseline conditions refer to existing soil and water quality at the 
landfill area, prior to any remediation and/or construction work being carried out.  These samples are 
generally collected from areas both up and downgradient of the landfill. 

Soil and groundwater samples (where required) are collected prior to construction/closure of a landfill, to 
represent background as well as baseline conditions.  The results of subsequent landfill monitoring 
events are compared to these baseline and background values to evaluate any potential changes in 
environmental conditions. 
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In general, one monitoring well is installed upgradient and two to three wells are installed downgradient of 
the landfill during the construction phase.  Using water elevation data from a minimum of three wells 
allows assessment of the hydraulic gradient and flow velocities.  Review of analytical data from water 
samples collected from wells up and down gradient allows evaluation of potential impacts associated with 
the landfill.  Soil samples are collected from the toe of the landfill, generally from the same locations as 
the monitoring wells.  Contamination in soil samples at the toe of the landfill reflects chronic input from 
water that may have infiltrated the landfill, and is an important factor of contaminated leachate. 

Prior to collection of samples from a monitoring well, the well is purged and allowed to reach equilibrium.  
Physical measurements are collected prior to and after purging and are referenced to the top of the 
monitoring well pipe.  The measured physical parameters include: 

• Water elevation; 
• Total depth of water; 
• Presence of hydrocarbons; 
• Hydrocarbon layer thickness (if appropriate); 
• Colour, odour; 
• pH; 
• Conductivity; and 
• Temperature. 

Thermal Monitoring: Geothermal analysis were carried out as part of the design to predict the length of 
time required for permafrost aggradation through landfills requiring leachate containment, including the 
Tier II Soil Disposal Facility.  These analyses also provided information on the long and short term 
thermal regime in the ground, and the depth of the active layer in the cover material. 

A thermal monitoring system provides measurement of sub-surface ground temperatures, which allows 
comparison to and verification of the predicted ground temperatures.  The thermal monitoring system 
consists of installation of thermistor strings, with thermistor beads at selected intervals to provide ground 
temperature profiles at various locations within the landfill.  The thermistor strings are attached to 
automated data-loggers that allow for remote data collection.  In general, a minimum of three thermistors 
are installed at each landfill where permafrost aggradation through the landfill contents is an integral part 
of the design. 

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

2.4.1 Phase I 
Phase I involves monitoring of conditions to confirm that equilibrium is achieved.  The frequency of 
monitoring events during Phase I monitoring is dependent on the closure or remediation design at specific 
landfills.  The Tier II Soil Disposal Facility, Upper Site Landfill – Central Lobe and Lower Site Landfill - 
Main Lobe will be monitored on an annual basis for the first five years.  The five-year term was selected 
on the basis that ground-temperature thermal regimes at this specific landfill will require three to five 
years to reach equilibrium. 

The Upper Site Landfill – South Lobe, and Lower Site Landfill – South and East Lobes will be regraded, 
and the Phase I monitoring will be carried out over a reduced frequency in the first, third and fifth years 
following construction.  All other landfills have been or will be excavated and therefore do not require any 
monitoring. 
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An evaluation of all Phase I data will be 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. 

2.4.2 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, years 7, 10, 15 and 25.  Year 25 marks the end of Phase II monitoring. 

2.4.3 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. 

2.5 Review and Evaluation Process 
An Environmental Working Group (EWG) was established to provide a technical report and to support to 
the DLCU Steering Committee.  This working group is comprised of qualified engineers 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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3.0 Detailed Landfill Monitoring 
Requirements 

The following sections provide a summary and the detailed monitoring requirement for each landfill at 
CAM-4. 

3.1 Tier II Soil Disposal Facility 
A DCC Tier II Soil Disposal Facility was constructed at the CAM-4 site for the disposal of Tier II soil 
excavated during the clean up.  The facility is located west of the former warehouse, upgradient of the 
Upper Site Landfill.  The design of this landfill includes a double-containment system consisting of a liner 
system and the placement of sufficient fill to promote freezing of landfill contents.  The liner was placed 
along the bottom of the landfill, along the berms, and over the top of the landfill contents.  Monitoring of 
the Tier II Soil Disposal Facility consists of visual monitoring, collection of soil and groundwater, and 
monitoring of subsurface ground temperatures in the berms and in the main body of the facility.  Table 2 
provides the monitoring station coordinates and Table 3 provides the detailed monitoring requirements at 
the West Landfill.  See Figures CAM-4.1 and 41 and 4.3 for details. 

Table 2: Monitoring Station Coordinates at the Tier II Soil Disposal Facility 

Coordinates Landfill Monitoring Station 
North (m) East (m) 

Elevation (masl) 

MW-5 (soil & groundwater) 10039 10137 310.3 
MW-8 (soil & groundwater) 10144 10099 - 
MW-9 (soil & groundwater) 10102 10146 - 
MW-14B (soil & groundwater) 10025 10022 317.8 
MW-15 (soil & groundwater) 10079 10005 - 
VT-1 (temperature) N/A N/A N/A 
VT-2 (temperature) N/A N/A N/A 
VT-3 (temperature) N/A N/A N/A 
VT-4 (temperature) N/A N/A N/A 

NOTE: Coordinates for the monitoring locations are as provided by the contractor.    Thermistors have not 
been installed and therefore the coordinates are not yet available. 
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Table 3: Detailed Monitoring Requirements at the Tier II Soil Disposal Facility 

Location Sample Type Frequency Parameters 
Determined on site Visual Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

N/A 

Total Arsenic 
Total Cadmium 
Total Chromium 
Total Cobalt 
Total Copper 
Total Lead 
Total Nickel 
Total Zinc 
Total Mercury 
PCBs 

MW-5, MW-8, MW-9, 
MW-14B, MW15 

Groundwater  Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Total Petroleum 
Hydrocarbons (C6-32) 
PCBs 
TPH as F1 (C6-C10) 
TPH as F2 (C10-C16) 
TPH as F3 (C16-C34) 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Zinc 

MW-5, MW-8, MW-9, 
MW-14B, MW15 

Soil Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Mercury 
VT-1 → VT-4 Thermal Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Temperature 

  
3.2 Station Area Non-Hazardous Waste Landfill 

The Station Area Non-Hazardous Waste Landfill is a new landfill constructed for the disposal of non-
hazardous wastes and debris generated and collected during the clean up.  The landfill site is located 
approximately 200 metres northeast of the module train.  The design of this landfill includes perimeter 
berms, and placement of a compacted granular fill cover over the landfilled material.  Eight groundwater 
monitoring wells were installed at the landfill perimeter, three of which are multi-level wells (two screened 
intervals).  The long term monitoring plan will consist of visual monitoring and periodic collection of soil 
and groundwater samples.  Table 4 provides the coordinates of the monitoring stations and Table 5 
provides the detailed monitoring requirements at the Non-Hazardous Waste Landfill.  See Figures CAM-
4.1 and 4.2 for details. 
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Table 4: Monitoring Station Coordinates at the Station Area Non-Hazardous Waste Landfill 

Coordinates Landfill Monitoring Station 
North (m) East (m) 

Elevation (masl) 

BMW-1 (soil & groundwater) 10161 10021 - 
MW-1 (soil & groundwater) 10279 10081 - 
MW-2 (soil & groundwater) 10257 10087 302.3 
MW-3 (soil & groundwater) 10217 10133 303.4 
MW-4 (groundwater) 10235 10120 - 
MW-6 (groundwater) 10270 10067 - 
MW-7 (groundwater) 10248 10008 - 
MW-16 (soil & groundwater) 10171 9993 - 
NOTE: Coordinates are as provided by the cleanup contractor’s survey.   
 

Table 5: Detailed Monitoring Requirements at the Station Area Non-Hazardous Waste Landfill 

Location Sample Type Frequency Parameters 
Determined on site Visual Once per year in 

years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

N/A 

Total Arsenic 
Total Cadmium 
Total Chromium 
Total Cobalt 
Total Copper 
Total Lead 
Total Nickel 
Total Zinc 
Total Mercury 
PCBs 

BMW-1, MW-1 → MW-
4, MW-6, MW-7, MW-
16 

Groundwater  Once per year in 
years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

Total Petroleum 
Hydrocarbons (C6-32) 
PCBs 
TPH as F1 (C6-C10) 
TPH as F2 (C10-C16) 
TPH as F3 (C16-C34) 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Zinc 

BMW-1, MW-1 → MW-
4, MW-6, MW-7, MW-
16 

Soil Once per year in 
years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

Mercury 
 
3.3 Lower Site Non-Hazardous Waste Landfill 

The Lower Site Non-Hazardous Waste Landfill is a new landfill constructed for the disposal of non-
hazardous wastes and debris generated and collected during the clean up.  The landfill site is located 



 

DEFENCE CONSTRUCTION CANADA   8 
CAM-4, PELLY BAY DEW LINE SITE 
MONITORING PLAN – RPT-164-05 

approximately 1.5 km west of the west end of the airstrip.  The design of this landfill includes perimeter 
berms and placement of a compacted granular fill cover over the landfilled material.  Three groundwater 
monitoring wells were installed at the landfill perimeter.  The long term monitoring plan will consist of 
visual monitoring and periodic collection of soil and groundwater samples.  Table 6 provides the 
coordinates of the monitoring stations and Table 7 provides the detailed monitoring requirements at the 
Non-Hazardous Waste Landfill.  See Figures CAM-4.1 and 4.5 for details. 

Table 6: Monitoring Station Coordinates at the Lower Site Non-Hazardous Waste Landfill 

Coordinates Landfill Monitoring Station 
North (m) East (m) 

Elevation (masl) 

MW-21 (soil & groundwater) 20415 18807 138.0 
MW-22 (soil & groundwater) 20364 18861 - 
MW-23 (soil & groundwater) 20464 18877 135.6 
NOTE: Coordinates are as provided by the cleanup contractor’s survey.   
 

Table 7: Detailed Monitoring Requirements at the Lower Site Non-Hazardous Waste Landfill 

Location Sample Type Frequency Parameters 
Determined on site Visual Once per year in 

years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

N/A 

Total Arsenic 
Total Cadmium 
Total Chromium 
Total Cobalt 
Total Copper 
Total Lead 
Total Nickel 
Total Zinc 
Total Mercury 
PCBs 

MW-21 → MW-23 Groundwater  Once per year in 
years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

Total Petroleum 
Hydrocarbons (C6-32) 
PCBs 
TPH as F1 (C6-C10) 
TPH as F2 (C10-C16) 
TPH as F3 (C16-C34) 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Zinc 

MW-21 →  MW-23 Soil Once per year in 
years 1, 3, 5, 7, 10, 
15, 25 post-
construction 

Mercury 
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3.4 Upper Site Landfill 
The Upper Site Landfill is located approximately 200 metres east of the module train.  The landfill consists 
of three lobes: the south, central and north lobes.  The geophysical survey conducted on the landfill area 
indicated that debris is fairly continuous between the north and central lobes, but the south lobe in more 
isolated.  Together, the three lobes encompass an area of approximately 4500 square metres.  No 
contaminated soil or evidence of leachate was detected at the south lobe, however, Tier I and Tier II 
contaminated soils were found downgradient of the central lobe indicating contaminant migration from the 
landfill. 

Based on the evaluation of the landfill as a source of contamination, potential pathways and receptors, 
the Upper Site Landfill was classified as a high potential environmental risk.  The remediation for this 
landfill includes complete excavation of the north lobe, partial excavation and installation of a leachate 
containment system at the central lobe, and regrading of the south lobe.  Thermistors will be installed 
within the central lobe, and groundwater monitoring wells will be installed at the landfill perimeter. 

The long term monitoring plan consists of visual monitoring, collection of soil samples, collection of 
groundwater samples and downloading of ground temperature data.  Table 8 provides the coordinates of 
the monitoring stations and Table 9 provides the detailed monitoring requirements at the Upper Site 
Landfill.  See Figures CAM-4.1 and 4.4 for details. 

Table 8: Monitoring Station Coordinates at the Upper Site Landfill 

Coordinates Landfill Monitoring Station 
North (m) East (m) 

Elevation (masl) 

MW-10 (soil & groundwater) 10061 10234 301.4 
MW-11 (soil & groundwater) 9999 10114 312.5 
MW-12 (soil & groundwater) 10013 10247 295.9 
MW-13 (soil & groundwater) 9950 10221 - 
VT-1 (temperature) TBD TBD TBD 
VT-2 (temperature) TBD TBD TBD 
VT-3 (temperature) TBD TBD TBD 
VT-4 (temperature) TBD TBD TBD 
NOTE: Coordinates are as provided by the cleanup contractor’s survey.   
 

Table 9: Detailed Monitoring Requirements at the Upper Site Landfill 

Location Sample Type Frequency Parameters 
Determined on site Visual Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

N/A 

Total Arsenic 
Total Cadmium 
Total Chromium 
Total Cobalt 
Total Copper 
Total Lead 
Total Nickel 
Total Zinc 
Total Mercury 

MW-10 → MW-13 Groundwater  Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

PCBs 
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Location Sample Type Frequency Parameters 
   Total Petroleum 

Hydrocarbons (C6-32) 
PCBs 
TPH as F1 (C6-C10) 
TPH as F2 (C10-C16) 
TPH as F3 (C16-C34) 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Zinc 

MW-10 → MW-13 Soil Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Mercury 
VT-1 → VT-4 Thermal Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Temperature 

 

3.5 Lower Site Landfill 
The Lower Site Landfill is located approximately 1.5 kilometres west of the west end of the airstrip.  The 
landfill is divided into four main lobes of buried material; encompassing an aggregate area of 
approximately 10,000 square metres.  No contaminated soil was identified downgradient or within the 
landfill; however, a localized stain of Tier I concentration was identified south of the landfill perimeter.  
Evidence of contaminant migration was present at the main and north lobes.   

Based on the elevation of the landfill as a source of contamination, potential pathways, and receptors, the 
Lower Site Landfill was classified as moderate potential environmental risk.  The remediation for the main 
lobe of the landfill included installation of a double synthetic liner system anchored into the permafrost 
along the toe, and regrading with placement of additional granular fill sufficient to cause permafrost 
aggradation through the landfill contents.  The remediation of the other three lobes included complete 
excavation of the north lobe, and regrading of the south and east lobes.  Thermistors will be installed 
within the main landfill lobe, and groundwater monitoring wells are installed at the landfill perimeter. 

The long-term monitoring plan consists of visual monitoring, collection of soil and groundwater samples, 
and thermal monitoring.  Table 10 provides the coordinates of the monitoring stations and Table 11 
provides the detailed monitoring requirements at the Lower Site Landfill.  See Figures CAM-4.1 and 4.6 
for details. 
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Table 10: Monitoring Station Coordinates at the Lower Site Landfill 

Coordinates Landfill Monitoring Station 
North (m) East (m) 

Elevation (masl) 

MW-17 (soil & groundwater) 20591 18795 120.5 
MW-18 (soil & groundwater) 20523 18728 125.4 
MW-19 (soil & groundwater) 20441 18700 129.1 
MW-20 (soil & groundwater) 20489 18810 - 
VT-9 (temperature) TBD TBD TBD 
VT-10 (temperature) TBD TBD TBD 
VT-11 (temperature) TBD TBD TBD 
VT-12 (temperature) TBD TBD TBD 
C4-1 (soil) TBD TBD TBD 
C4-2 (soil) TBD TBD TBD 
C4-3 (soil) TBD TBD TBD 
NOTE: Coordinates are as provided by the cleanup contractor’s survey.   
 

Table 11: Detailed Monitoring Requirements at the Lower Site Landfill 

Location Sample Type Frequency Parameters 
Determined on site Visual Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

N/A 

Total Arsenic 
Total Cadmium 
Total Chromium 
Total Cobalt 
Total Copper 
Total Lead 
Total Nickel 
Total Zinc 
Total Mercury 
PCBs 

MW-17 → MW-20 Groundwater Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Total Petroleum 
Hydrocarbons (C6-32) 
PCBs 
TPH as F1 (C6-C10) 
TPH as F2 (C10-C16) 
TPH as F3 (C16-C34) 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Nickel 
Zinc 

MW-17 → MW-20 Soil Once per year in 
years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Mercury 
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Location Sample Type Frequency Parameters 
VT-9 → VT-12 Thermal Once per year in 

years 1, 2, 3, 4, 5, 7, 
10, 15, 25 post-
construction 

Temperature 

   



 

 

Appendix A 
 

Drawings 
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DND/NTI Cooperation Agreement 
 






































































































































































































































