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1.0 Introduction 
Trow Associates Inc. (Trow) was retained by the Department of Community and Government 
Services (CGS), Government of Nunavut (GN), to undertake an Engineering Study to support 
the decommissioning of a sewage lagoon cell in the Hamlet of Arctic Bay, Nunavut (Hamlet).  
The decommissioning study was completed as a requirement of the Hamlet’s Water Licence. 

1.1 Background 

Arctic Bay is located on the Borden Pennisula of Baffin Island, Nunavut.  This northern 
community is connected by a 21 km road to the Nanisivik Airport.  The present sewage lagoon, 
which services approximately 640 residents, is located approximately 2 km east of the 
community.  It is a comprised of a single cell lagoon ice pack storage area and wetlands, as 
shown in Figure 1 (Appendix A).  The sewage treatment system is bordered to the north by the 
Hamlet’s solid waste disposal site and to the south by the road to Nanisivik.  There are no 
facilities within the proximity of the old sewage lagoon system which may be impacted by the 
abandonment lagoon cell. 

In 2002 and 2003 effluent tests carried out by Indian and Northern Affairs sited problems with 
the effluent quality from the facility.  In addition, effluent samples taken in September 2004 did 
not comply with the requirements under the Hamlet’s water licence. 

1.2 Scope of Work 

The purpose of the study is to assist in ensuring that the lagoon to be abandoned is closed in a 
manner that is aesthetically acceptable with minimal health and environmental impacts. 

The components of the Hamlet’s Water License that are addressed by this Plan include the 
following: 

• Identify any sites in the vicinity of the lagoon that have been affected by waste spills; 

• Identify if site remediation has occurred or if outstanding remediation activities are 
required; 

• Identify the potential for leachate impact beyond the footprint of the lagoon; 

• Establish surface and sub-surface drainage patterns and prepare a grading plan for the 
placement of cover material; 

• Determine the thickness of sludge material; 

• Assess the potential for hazardous materials to exist within the decommissioned sewage 
lagoon site; and, 
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• Recommend the type and source of cover materials. 

1.3 Information Provided 

As part of this program, the following studies have been completed by Trow: 

• Geotechnical Investigation, Sewage Lagoon, Hamlet of Arctic Bay, Nunavut, January 
2008 

• Environmental Assessment Screening, New Sewage Lagoon for the Hamlet of Arctic Bay, 
March 2008. 
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2.0 Subsurface Investigation 

2.1 Introduction 

A subsurface investigation was completed within and adjacent to the sewage lagoon to determine 
if the lagoon sludge had adversely impacted the soil and groundwater underlying the lagoon or 
beyond the berms in a downgradient direction (i.e. towards Arctic Bay).     

2.2 Methodology 

The methodology for this component of the study included:  

• Collection of soil (sludge) samples from the base of the sewage lagoon;  

• Construct five boreholes hydraulically downgradient from the sewage lagoon; 

• Submit two soil samples from the base of the sewage lagoon for detailed laboratory 
analysis; 

• Collect and submit two groundwater samples downgradient of the sewage lagoon and one 
upgradient sample from the lagoon for detailed laboratory analysis; and, 

• Interpret the analytical results and prepare a brief report. 

2.3 Fieldwork  

The drilling program was undertaken between August 25 and August 30, 2007 with a Hilti drill 
rig and was supervised by a representative of Trow on a full time basis. 

Five boreholes were advanced in the vicinity of the sewage lagoon/ice field and the 
downgradient ponding berms/wetlands.  Boreholes BH-1, BH-2 and BH-3 were drilled on the 
immediate downgradient side of the ice field berm.  The other two boreholes were drilled further 
downgradient of the lagoon/ice field (Figure 1, Appendix A). 

The boreholes were initially advanced by performing continuous standard penetration tests and 
retrieving the soil samples.  However, the boreholes could only be advanced by this method in 
unfrozen soil to a depth of 0.6 m to 1.7 m until frost was encountered.  The boreholes were then 
cased and advanced by core drilling techniques with the Hilti drill rig.  Most of the boreholes 
were drilled by dry coring.  Water was used in cases where the core barrel could not be advanced 
by dry coring.  During core drilling, a careful record of colour of wash water, wash water return 
and any sudden drops of the drill rods was kept. 

All soil samples were logged noting geological properties, moisture, colour, odour and any visual 
or olfactory indications of contamination.  Borehole descriptions are presented in Appendix B: 
Borehole Logs.   
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At the completion of the drilling program, an insignificant amount of groundwater was present in 
the boreholes to permit sampling.  Consequently, two additional larger boreholes (identified as 
Downstream Lagoon and At Highway) were advanced downgradient of the lagoon to allow for 
sample collection to assess potential leachate migration from the lagoon.  A third borehole 
(Upstream Lagoon) was advanced to represent background conditions.  Groundwater samples 
were collected from all three sampling locations. 

In order to identify worst case conditions within the lagoon, composite sludge samples were 
collected from the base of the sewage lagoon (Lagoon Base 1) and the ice field (Lagoon Base 2). 

In order to assess the impact that the sewage had on the base of the lagoon as well as leachate 
downgradient of the lagoon, the basal lagoon sludge samples and the groundwater samples were 
submitted for metals, organic/petroleum hydrocarbon (PHC) and volatile organic compound 
(VOC) analyses. 

2.4 Field Observations 

Boreholes BH-1 to BH-3 were drilled on top of the existing ice pack holding area.  Based on 
information presented in the geotechnical report, the soil consists of fill placed for the 
construction of the berms.  It is estimated that the fill extends to a depth of 1.2 m in BH-1 and 
BH-2 and the entire depth in BH-3 (1.7 m).  The fill consists of sand and gravel to sandy gravel 
with some silty sand layers.  Grain size analysis conducted on a soil sample from BH-1 indicates 
that fill consists of 7% clay, 15% silt, 30% sand and 58% gravel.  The permeability of the fill 
was estimated as 2.5 x 10-5 cm/sec.  No olfactory or visual indications of impact from the lagoon 
were detected in the soil samples.   

The soil retrieved from BH-4 consisted of peaty topsoil (~0.30 m) overlying silty sand (~1.1 m) 
to a depth of 1.4 m beyond which was bedrock.  A similar soil profile was observed in BH-5 
which was drilled to a depth of 4.3 m.  No olfactory or visual indications of lagoon impact were 
detected in either borehole. 
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3.0 Contaminant Assessment 

3.1 Assessment Criteria 

In terms of evaluating the analytical results obtained, the Government of Nunavut defaults to 
criteria established by the Canadian Council of Ministers of the Environment (CCME).  For soil 
the CCME Canadian Soil Quality Guidelines for the Protection of Environmental and Human 
Health (updated September 2007) was used to compare the metals and VOC analytical results.  
The CCME has also established the Canada-Wide Standards (CWS) for Petroleum 
Hydrocarbons (PHC) in Soil (April 2001), which is the federal remedial standard for petroleum 
impacted soils.  The CCME and CWS criteria are based on four land use categories: i) 
agricultural; ii) residential/parkland; iii) commercial; and iv) industrial.  As this site is in an 
undeveloped area, distant from residential land, the most appropriate criteria for this site was 
considered to be industrial.  The soil samples at the subject site varied between fine and coarse-
grained materials and thus based on the field observations, the analytical results were compared 
to the coarse-grained criteria. 

The groundwater in this area is not consumed, nor does it discharge to a water body that is used 
for consumption purposes (i.e., groundwater is considered non-potable).  Considering that the 
CCME Canadian Water Quality Guidelines do not have criteria for non-potable groundwater 
settings, the groundwater analytical results were compared to the Table 3 criteria provided in 
Ontario Regulation 153/04 (O. Reg. 153/04) and the Ministry of Environment (MOE) document 
entitled Soil, Ground Water and Sediment Standards for Use Under Part XV.1 of the 
Environmental Protection Act dated March 9, 2004 (Standards).   

With respect to PHC in groundwater, the MOE Standard has not established a maximum 
acceptable generic criterion for non-potable groundwater settings.  Rather, it is expected that the 
proponent either establish site-specific criteria by performing a comprehensive site-specific risk 
assessment or propose an alternate generic criterion that is currently being used by another 
province or jurisdiction.  Therefore, for the purpose of quantitative comparison, Trow compared 
the analytical results for this site to the Atlantic Partners in Risk Based Corrective Action 
(RCBA) Implementation (PIRI) Tier I levels for PHC (non-potable groundwater scenario, coarse 
grained soils, commercial land use).  The RBCA Modified TPH is defined as C6 to C32 - BTEX.  
Using the four PHC fractions, the RBCA Modified TPH can be calculated as follows: F1+F2+F3 
or C6 to C34.  It is noted that the F1 fraction does not include the BTEX parameters. 

3.2 Soil Results 

Two worst-case soil samples (i.e., sludge) were collected from the base of the lagoons and 
submitted to Maxxam Analytics for the analysis of metals, VOCs, and Canada-Wide Standard 
petroleum hydrocarbons analysis.   
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The soil/sludge analytical results are summarized in Tables 1, 2 and 3 along with the applicable 
assessment criteria (Appendix C).  Laboratory Certificates of Analysis are presented in Appendix 
D.   

Based on the laboratory analytical results, exceedances of PHC F3 were detected in both samples 
and copper was identified in sample Lagoon Base 2.  It should be noted that other parameters 
typically indicative of petroleum hydrocarbon impact (i.e., BTEX, F1 and F2) were not detected 
at elevated concentrations and that the laboratory indicated that the hydrocarbon fraction results 
had an organic signature, which would be expected with sewage sludge.    

3.3 Groundwater Results 

Three groundwater samples were collected from various locations in the vicinity of the lagoon 
and submitted to Maxxam Analytics for the analysis of metals, VOCs, and petroleum 
hydrocarbons analysis.   

The groundwater analytical results are summarized in Tables 4, 5 and 6 along with the applicable 
assessment criteria (Appendix C).  Laboratory Certificates of Analysis are presented in Appendix 
D.     

Based on the laboratory analytical results, copper was the only exceedance detected in the 
groundwater.  The copper was detected in the sample identified as Downstream Lagoon.  It 
should be noted that copper measured in the sample further downstream from the lagoon (i.e., At 
Highway) did not have elevated copper.   

It should also be noted that there were no elevated concentrations of BTEX or F1-F4 in the 
groundwater downgradient of the lagoon, further suggesting that the F3, F4 concern detected in 
the sludge are organic in nature. 

3.4 Summary of Analytical Results 

Based on the laboratory analysis of the samples taken, the potential for future impact beyond the 
lagoon site is considered minimal. 
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4.0 Proposed Abandonment Plan 
From the results from the soil and water sampling program, it is concluded that the risk of 
contamination is minimal.  Based on the minimal risk of contamination, the proposed 
remediation plan for the lagoon cell is to fill the cell to cover the sludge, thereby encapsulating 
the sludge in frozen (permafrost) granular material.  Final site cover serves several purposes: 
aesthetic improvements, reduce infiltration, site drainage, sludge stabilization through freezing. 

4.1 Drainage Patterns 

The natural drainage pattern in the area of the existing sewage lagoon and ice pack holding area 
is the surface drainage following from the northwest to the southeast.  However, the access road 
to both the sewage lagoon and ice pack holding area is to the northwest of both facilities and 
provides a flow diversion from both sites.  Therefore, minimal surface runoff should be 
experienced by either of the two facilities.  The proposed remediation of filling the lagoons 
would be graded such that precipitation falling on the lagoons or ice pack area will drain to the 
south or southeast.  Fill material will be placed to ensure a minimum of 2% slope across the 
surface of the remediated facilities. 

4.2 Cover Material 

The existing lagoon and ice pack area should be filled to the grades shown on Figure 2 and 
Figure 3.  The proposed finished grade shall result in a minimum of 1.5 m cover of ground 
material being applied to the lagoon site.  We propose that a 0.5 m layer of the insides of the 
existing berm be removed and deposited in the bottom of the lagoon as fill to remove any 
organic material from the upper region of the fill material.  In addition, portions of the existing 
berms shall be removed and used as fill material by reducing the required material to rehabilitate 
the facilities. 

The fill material shall be well graded material with a maximum aggregate size of 200 mm and 
shall be placed in layers with a maximum depth of 300 mm.  The material should be spread in 
300mm lifts by a bulldozer to obtain a final compaction rate of at least 80% standard Proctor.  
Based on the area and depth of the lagoon from the topographic survey completed by Trow 
Associates Inc. in July 2007, it is estimated that a total of 8,350 m3 of compacted cover material 
will be required to decommission the sewage lagoon and ice pack holding area. 

4.3 Capital Cost 

The estimated cost for the abandonment of the Arctic Bay Sewage Lagoon and ice pack holding 
is $423,500.00, including a 10% contingency.  A detail breakdown of the cost estimate is include 
in Appendix E. 
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5.0 Conclusions and Recommendations 
Based on the discussions above, the results of the drilling and sampling program, the following 
conclusions and recommendations are drawn. 

5.1 Conclusions 

From the analytical results of the sludge and groundwater samples for metals, VOCs and 
hydrocarbons, the following can be concluded: 

1) There are no sites within the vicinity of the lagoon identified to have been affected by 
waste spills; 

2) The underlying sludge is not adversely impacted contaminants that would otherwise be 
expected to be present in sewage sludge and the potential for hazardous material to exist 
within the decommissioned lagoon cell is minimal; 

3) The potential for future impact beyond the lagoon is minimal; 

4) The proposed drainage pattern is design to promote surface drainage across the site from 
the west to the east; 

5) The depth of sludge is estimated at approximately 0.1 metres from field observations 
during the sampling program; and, 

6) The fill material should be a well-graded material, suitable to allow compaction, with a 
maximum size of 200 millimetres. 

5.2 Recommendations 

Base on the conclusions above and the results from the soil sampling and analysis, the following 
is recommended: 

1) The sludge should be encapsulated with granular cover to promote stabilization through 
freezing; 

2) The top of the cover material should be graded as per the proposed grading plan to 
minimize the potential of infiltration; 

3) No long term monitoring is required, and  
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Trow Associates Inc.
Decommissioning of Arctic Bay Sewage Treatment  Facility
OTCD00019054A

Class 'B' Cost Estimate

Page 1 of 1

Item Description Unit Quantity Unit Price Amount

1 Mobilization & Demobilization L.S. 1 25,000.00$       25,000.00$       

2 Excavate top of berm around lagoon and deposit 
material into lagoon m3 375 20.00$               7,500.00$          

3 Excavate top of berm around ice pack area and 
deposit material into ice pack area m3 925 20.00$               18,500.00$        

4 Supply, place and spread general fill in 300mm lifts  in 
the lagoon m3 1750 40.00$               70,000.00$        

5 Supply, place and spread general fill in 300mm lifts  in 
the ice pack area m3 6600 40.00$               264,000.00$      

Subtotal 385,000.00$     

10% Contingency 38,500.00$       

Total 423,500.00$     




