
 

 
AMEC Earth & Environmental  
A division of AMEC Americas Limited 
140 – Quarry Park Blvd SE 
Calgary, AB, Canada, T2C 3G3   www.amec.com 
Tel +1 (403) 248-4331 
Fax +1 (403) 248-2188  

 
24 November 2010 
YX00828 
 
 
Dillon Consulting Limited 
P.O. Box 1409, 
4920 47th Street 
Yellowknife, NT X1A 2P1 
 
Attention: Mr. Gary Strong, P.Eng., Partner 
 
Dear Mr. Strong: 
 
Re: Dam Safety Review for the Kugaaruk Sewage Lagoon, 
 Kugaaruk, NU 
  
At the request of Mr. Gary Strong, on behalf of Dillon Consulting Limited (DCL), AMEC Earth 
and Environmental (AMEC), a division of AMEC Americas Limited conducted a geotechnical 
safety review for the sewage lagoon dam located in community of Kugaaruk, NU.  Geotechnical 
investigations for the sewage lagoon were carried out by AMEC in 2005, the lagoon and dam 
design was completed by DCL in 2006, and construction of the sewage lagoon commenced in 
2007 and was completed in 2008.   
 
Authorization to proceed with the dam safety investigation was provided via a signed Dillon 
Short Form Agreement for Sub-Consultant Service, dated August 9, 2010 for the above noted 
project. 
 
1.0 SCOPE OF WORK  
 
In accordance with AMEC’s proposal, dated July 30, 2009 and subsequent discussions with 
DCL, the scope of work outlined for the project is as follows:  
 

• Conduct a review of design drawings and relevant normative documents.  
• Perform the site reconnaissance and interview dam operating personnel,  
• Review operational plans and operational records.   
• Prepare a geotechnical report which presents results of the reviews and field 

reconnaissance.  
 
2.0 EXISTING INFORMATION  
 
The following is a review of the AMEC geotechnical report, DCL’s design record drawings, 
AMEC construction monitoring report which pertains to lagoon dam design and construction and 
the Nunavut Water Board (NWB) Licence document.  The AMEC reports can be found in 
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Appendix A, the DCL record drawings are included in Appendix B and the NWB licence 
document is in Appendix C.  
 
Report Titled “Geotechnical Investigation for Sewage Lagoon, Kugaaruk, NU” dated 
October 31, 2005, submitted to DCL by AMEC. 
 
The original scope for the geotechnical investigation included a field reconnaissance visit, a 
drilling program consisting of 6 to 10 boreholes, interpretation of aerial photographs, and 
numerical modeling of the dam operational temperatures throughout the life cycle of the facility.  
Following the site reconnaissance visit and discussions with DCL, the drilling program and aerial 
photograph interpretation phases of the project were not undertaken due to sufficient 
information being obtained from the site reconnaissance and geothermal modeling.   
 
Based on the site reconnaissance, it was concluded that the lagoon site is covered with an 
organic mat, 50 mm to 100 mm thick.  Poorly drained, saturated, fine grained marine deposits, 
consisting of sand and silt with gravel and inclusions of cobbles and boulders, were found below 
the organic mat.  It was calculated that the mean annual permafrost temperature at the site 
could be in a range of -10 oC to -11 oC at a depth of about 15 m below the ground surface.  The 
thickness of the active layer was assessed to be in the order 0.7 m to 1.0 m.      
 
Three design approaches for dam construction were discussed in the report.  The first approach 
considered construction of the dam with a liner, whereby a suitable  synthetic liner would  be 
installed in a near vertical position to an assumed elevation of 98.5 m (1.5 m below the existing 
ground surface), in a cut-off trench near the upstream slope.  The cut-off trench with liner was 
recommended to be backfilled with either compacted clayey soil or with grout.  The liner curtain 
above the cut-off trench then extended vertically to the top of the dam, or alternatively followed 
the upstream slope of the dam.  
 
The second potential approach considered construction of a frozen core dam with a 50 mm 
thick insulation layer placed at a shallow depth over the crest of the dam.  The intent of the 
insulation was to reduce seasonal thawing at the dam crest, which could potentially lead to 
percolation of effluent through the dam.  Geothermal analyses were carried out for the first and 
second approaches to confirm that the considered design options were suitable to provide low 
permafrost temperatures within the dam, and shallow thaw depths within the lagoon 
impoundment area.    
 
The third approach considered repairing of the existing dam.  It was recommended to re-design 
the dam with a frozen core.  The report recommended removal of any loose material and 
backfilling of any erosion features, the dam would then have been raised to the design elevation 
in 250 mm (compacted) lifts.  Similar to the second approach, placement of a 50 mm thick 
insulation layer was recommended along the dam crest.     
 
The first design approach, with cut-off trench and liner, was adopted for the dam.  The geometry 
for the cut-off trench and liner was modified somewhat from that outlined in the geotechnical 
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report. Also, since clayey backfill was not available at the site, geothermal calculations were 
undertaken to assess the potential to use sand backfill to install the liner.  The geothermal 
calculations demonstrated that if sand backfill was used to install the liner, it would freeze 
subsequent to being compacted in place, and would remain in a frozen condition given the 
expected subsurface soil and thermal conditions with the lagoon in operation.  Accordingly, 
sand backfill compacted and then frozen in place was adopted in the liner design to replace 
compacted clayey soil backfill in the cut-off trench.   
 
Drawings Titled “Sewage & Solid Waste Sites – Record Drawings, Kugaaruk, NU” dated 
December, 2009, submitted to the Government of Nunavut by DCL. 
 
Seven record drawings were reviewed as part of the geotechnical dam safety review. The 
drawings show as-built design details of the lagoon dam, manhole, spillway, drainage pipe, and 
other details associated with the facility. 
 
Drawings No. 100 and 101, Titled “Lagoon Site” and “Design Lagoon Site View:“ 
The drawings display plan and profile views of the constructed lagoon with elevation contours.  
The lagoon impoundment is generally shaped like a bowl with the unloading area on the 
southeast slope of the lagoon, and the drainage outfall located in the northwest lagoon berm.  
The dam generally slopes at 2.5H:1V along the interior  and exterior slopes.  The drawing 
shows the unloading half-culverts, emergency overflow weir, lagoon drainage outfall, and 
manhole.  The profiles show ground elevations starting from the ocean shore and ending at the 
truck turnaround pad. 
  
Drawing No. 102, Titled “Lagoon Sections”: 
The Drawing displays a series of topographic profiles, provides data on invert elevations of the 
lagoon along various cross sections and presents a large scale profile of the turnaround pad.    
The topographic profiles for the lagoon are spaced approximately at 10 m intervals.   
 
Drawing No. 103, Titled “Wetland Sections”: 
The drawing displays a plan view with drainage paths for the wetland area north from the lower 
pond.  A series of the topographic profiles shows ground elevations across the wetland area at  
20 m intervals extending from the lower pond.   
 
Drawing No. 200, Titled “Discharge and Overflow Flume and Landfill Fence Details”: 
The first through fourth sections on the drawing show design details for the discharge flume.  A 
profile view of the discharge flume indicates two flumes, made from high density polyethylene 
(HDPE) pipe shells, directed across the slope from the crest of the truck turnaround pad to 
nearly the bottom of the lagoon.  The third and fourth sections show design details for pressure 
treated timbers used to support the discharge flume on the slope, and security bollards along 
the truck turnaround pad.  The fifth through eighth sections show design details for the 
emergency overflow weir. It was understood that location of the liner near the emergency 
overflow weir follows the exterior slope of the dam down to the exterior slope toe.  
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Drawing No. 201, Titled “Berm Sections and Details”: 
The drawing displays details of the dam design for various soil conditions, including the portion 
of the dam encompassing the existing dam and the dam abutment to the native rock outcrop.  
Two sections on the drawing (fourth and fifth) show design details for placement of the liner for 
typical sections of the dam.  The last two sections on the drawing provide design details for the 
lagoon drainage outfall pipe.  It was understood that the liner in the vicinity of the lagoon 
drainage outfall pipe was placed over the internal slope of the dam. 
 
Drawing No. 202, Titled “Manhole Derail”: 
The drawing illustrates manhole details, including water supply plan, hatch and lid framing, and 
access section.   
      
Report Titled “Sewage Lagoon Cut-off Trench Construction Monitoring, Kugaaruk, NU” 
dated October 31, 2007, submitted to DCL by AMEC. 
 
The Construction monitoring program included inspection of the cut-off trench excavation and 
monitoring backfilling/compaction activities during construction.  The scope of work consisted 
primarily of the following duties: 

• confirm that the cut-off trench was not less than 2 m deep; 
• confirm that the cut-off trench was constructed in hard frozen soil/bedrock with a 

practical absence of visible ice; 
• compile a record of soil composition and the ice content of the excavated soil along the 

cut-off trench.   
• inspect engineered fill quality, including such fill parameters as gradation, moisture 

content, frozen/unfrozen state and inclusions of cobbles or boulders.  
• review the compatibility of the lift thickness to the capacity of available compaction 

equipment, where necessary; 
• test the compaction for each lift, using a nuclear dosimeter or other appropriate tests, 

and; 
• record all geotechnical activities on the site, and direct that remedial measures be 

implemented where these activities are not in compliance with to the  earth work 
specifications. 

 
With the exception of the toe of the sewage lagoon berm, practically the entire cut-off trench is 
situated atop granite gneiss that is weathered, jointed, and foliated extensively.  The lines of 
intersection of these discontinuities have created numerous large rock wedges that have been 
dislodged to some extent by repeated freeze-thaw cycles.  The individual intact pieces of granite 
gneiss appeared to be extremely strong with little to no visible weathering observed.   
 
Excavation of the cut-off trench was performed by Kudlik Construction Ltd. (Kudlik) by means of 
drilling and blasting with dynamite, which was necessary to excavate into the competent granite 
in which most of the cut-off trench was constructed.  The drilling was done using an air rotary 
track mounted drill rig and diesel compressor. 
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The base of the excavated cut-off trench was at least 1 m wide, as specified in the design, 
throughout all of the excavated segments.  After the cut-off trench was excavated and cleared of 
debris, approximately 200 mm to 300 mm of sand fill was placed along the trench bottom and 
side slopes to prevent the liner from tearing on the sharp faces/edges of the blasted bedrock.  
The side slopes were packed and smoothed by the bucket of the back-hoe and the trench 
bottom was packed with a plate tamper.  The liner was lowered into place, and the trench was 
then backfilled with a sand and gravel fill in approximate 250 mm to 300 mm thick lifts 
compacted to minimum 95 percent of the standard Proctor maximum dry density (SPMDD).   
 
The liner used during construction was a Bentofix Thermal Lock Geosynthetic Clay Liner.  The 
compaction equipment used on site consisted of a Hatz Supra diesel plate tamper and CAT 
CS553 vibratory smooth drum roller (packer).  
 
The on-site geotechnical activities that were not compliant with either the earth work 
specifications or the original design for the sewage lagoon are as follows: 
 

• The manhole access and joining pipeline were relocated approximately 19 m to the east 
of the original location because the proposed top of the manhole access would have 
been significantly lower than the proposed top of the berm at the original location.  It is 
understood that this decision to move the manhole was made between Kudlik and DCL 
personnel during construction. 

• On September 7th, 2007, a hydraulic hose in the packer broke and the smooth drum was 
not able to vibrate for the duration of the construction for the year.  In response to this, 
backfilling was done in thinner lifts, and packed with the packer, the diesel plate tamper, 
and also by trucks and bulldozers on occasion.  Visual inspection as well as densometer 
testing confirmed that the compacted material met the 95% SPMDD requirement. 

• In the summer of 2007, only a portion of the cut-off trench had been completed.  The 
north segment of the cut-off trench had been successfully excavated, lined, and 
backfilled with sand fill to between approximately 23.6 m and 28 m, geodetic.  The west 
segment of the cut-off trench was excavated to approximately Sta 0+100, but backfilling 
had only been completed approximately to Sta 0+005, to an approximate elevation of 24 
m, geodetic. The remainder of the trench segment had been left exposed, to be 
completed the following spring.  The east segment of cut-off trench had been completely 
excavated, but only backfilled and compacted to approximately Sta 0+020, with the 
remaining portion of the east segment left to be completed in the spring of 2008. 

 
Based on the monitoring results, AMEC concluded that the cut-off trench was excavated into the 
hard frozen soils to depths specified in DCL design drawings.  It is anticipated that the trenches 
will perform as designed, provided that the soils surrounding cut-off trench remain in a frozen 
state. 
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Report Titled “Licence Number: 3BM – PEL0712, Kugaaruk, NU” dated signed September 
7, 2007, submitted to the Hamlet of Kugaaruk by Nunavut Water Board. 
 
The licence document provides comprehensive information in regards to the potable water 
distribution system and sewage water facilities, including any required modifications, 
construction and/or repair, abandonment/remediation and a monitoring program.  It was 
understood that the hamlet should submit to the Nunavut Water Board the following documents 
related to the potable water system and sewage water facilities.   
   

• Water  Distribution Facility Operation and Maintenance Plan; 
• Sewage Treatment Facility Operation and Maintenance Plan; 
• Solid Waste Facility Operation and Maintenance Plan; 
• Environmental Emergency Contingency Plan for Water, Sewage and Solid Waste 

Operations in the  Hamlet of Kugaaruk, Nunavut; and  
• Monitoring Program Quality Assurance/Quality Control Plan 

 
 
3.0 FIELD RECONNAISSANCE   
 
The field inspection of the dam was carried out by Dr. Alexandre Tchekhovski, P. Eng. with 
AMEC, from September 13th through to September 16th, 2010.  During the inspection, detailed 
visual observations were completed related to the dam slope stability, seepage, integrity of the 
discharge flume, integrity of the lagoon drainage outfall pipe, manhole, and emergency overflow 
weir.  Two meetings were also held with the community public works foreman. 
 
During the inspection, detailed visual observations were performed on the dam slopes to assess 
the dam stability and seepage.  Other observations were also made in regards to the integrity of 
the discharge flume, lagoon drainage outfall pipe, manhole and emergency overflow weir. 
 
The lagoon dimensions from berm crest to berm crest are approximately 130 m by 110 m.  The 
long axis of the lagoon is oriented in a SE-NW direction.  A general view of the lagoon and 
berms is shown at Photograph 1, Appendix C.  The effluent level in the lagoon during the site 
visit was approximately 3.5 m below the dam crest.  However, it can be seen in Photograph 2, 
Appendix C, that in the past the effluent level has been considerably higher – extending to 
approximately 2 m below the dam crest.    
 
3.1 Seepage and Slope Stability      
 
During the first day of the site visit (September 13, 2010), the exterior slopes of the dam were 
inspected for signs of seepage.  All of the exterior slopes were found to be dry with no 
indications of any current seepage.  Also there was no evidence of seepage that may have 
occurred in the past, when the effluent level in the lagoon was considerably higher. 
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The southeast slope of the lagoon consists of an undisturbed bedrock outcrop (Photograph 3, 
Appendix C) with a riprap blanket constructed to support the discharge flume culverts.  The 
slope of the riprap blanket is about 2.5H:1V, and the length of the slope is approximately 9 m.  
The riprap blanket consists of (blast) rock fragments ranging in size from about 200 mm to 400 
mm.  There was no indication of problems within the natural slope, such as erosion features, 
slumps, or rock falls within the riprap blanket.  
 
The effluent level along the northeast, northwest and southwest slopes of the dam was about 
3.5 m below the dam crest.  A general view of the internal slopes is provided in Photograph 2 
and Photograph 4 through to Photograph 7, Appendix C.  The internal slopes were found to be 
stable, consisting of rock fragments, up to 500 mm in size.  The angle of the internal slopes was 
approximately 2.5H:1V, i.e. in a close agreement with the record drawings (Appendix B).  
 
Depending on the  topography of the surrounding natural terrain, the external slopes of the dam 
varied in height from about 1 m (central portion of the southwest slope, Photograph 8, appendix 
C), to about 10 m (central portion of the northwest slope, Photograph 9, Appendix C).  
Construction of the external slope was not required along the majority of the northeast slope, 
where the dam abuts with a relatively steep native rock outcrop (Photograph 10, Appendix C).  
Similar to the internal slopes, the external slopes were found to be stable with no indications of 
any erosion, moisture, slumps or rock falls.  The angle of the external slopes was also about 
2.5H:1V, i.e. in a close agreement with the record drawings (Appendix B).                      
 
The crest of the dam was about 4.5 m to 5 m wide, and was surfaced with fine crushed gravel 
and sand.  No depressions, which would have indicated possible settlement or erosion, were 
observed on the dam crest surface (Photograph 11, Appendix C). 
 
3.2 Drainage Fume Culvert     
 
The fume culvert, consisting of two high density polyethylene half-pipe shells, was placed 
directly on the surface of the riprap blanket (internal southeast slope of the lagoon).  The culvert 
extends from the truck turnaround pad down to an elevation approximately 0.5 m above the 
effluent level (Photograph 3, Appendix C).  The culvert was found to be in good working 
condition with no visible cracks or holes along the shell invert (sliding surface).       
 
3.3 Lagoon Drainage Outfall  
 
The lagoon drainage outfall structure consists of a 300 mm diameter high density polyethylene 
(HDPE) pipe  extending from the lagoon interior to a manhole which contains valves and heat 
tracing and finally a second section of 300 mm diameter HDPE pipe leading from the manhole 
to exit at the toe of the exterior slope.   Short 4 m long sections of corrugated, galvanized steel 
culvert inserted over the upstream and downstream ends of the HDPE outfall pipe provide 
protection to the pipe ends.  The corrugated pipe slopes down at approximately a 2 percent 
grade, effluent was being drained from the lagoon during the site visit (Photograph 12, Appendix 
C).  The HDPE pipe and corrugated steel end protectors were found to be in proper working 
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conditions with no settlement of the slope immediately below the location where the effluent was 
discharging onto native ground. 
 
The control valve manhole, located in the northwest berm external slope, was also inspected.   
The manhole lid had no hasp for a padlock (Photograph 13, Appendix C), and the community 
public works foremen noted that that the hasp was broken by unidentified persons in the spring 
of 2010.  The manhole shaft was plumb, and no damage was observed either outside or inside 
of the manhole.                 
 
3.4 Emergency Overflow Weir 
 
The emergency overflow weir is located at the crest of the northwest berm.  The overflow weir 
consists of a ditch, approximately 0.3 m deep and 1 m wide, excavated across the crest of the 
northwest berm and along the external slope.  The invert and slopes of the ditch are covered 
with riprap to reduce erosion potential (Photograph 14, Appendix C).  The overflow weir was 
found to be dry during the site visit.  It was also understood that the overflow weir has never 
been wet, meaning that there was no prior overflow of the lagoon to the date of the site visit.  No 
settlement depressions or erosion features were observed along the overflow weir, meaning 
that the overflow weir has not impacted the overall stability of the northwest berm.           
  
3.5 Lower or Secondary Effluent Pond  
 
Effluent is being drained from the lagoon into the lower pond located immediately downslope 
from the northwest berm external slope toe.  The lower pond is approximately 40 m by 30 m, 
and the height of the berm forming the lower lagoon is in a range from 2 m to 3 m (Photograph 
15 and 16, Appendix C).  DCL’s record drawings do not provide design details for the lower 
pond, such as material used for berm construction and any liner application.  Field observations 
have indicated that effluent is seeping under the lower pond berm from the lower pond toward 
the Arctic Ocean (Photograph 17, Appendix C).   It appears likely that the lower pond berm has 
no cut-off trench, or embedded liner extending to the crest of the berm.  Two posts with 
abbreviated signs were present on the lower pond berm.  The purpose of the posts and 
meaning of the signs is not known (Photograph 18, Appendix C).                
 
3.6 Meetings with Community Foreman 
 
Two meetings were held with the community public works foreman.  During the first meeting 
(September 14, 2010), Dr. Tchekhovski told to the foreman about the purpose of the dam safety 
inspection, and asked the foreman to provide the dam operation manual and operational 
records.  The following information was obtained from the meeting: 
 

• the community public works office does not have a copy of the  lagoon operation 
manual;   
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• the senior administrative officer does not require lagoon operation records such as date 
used, volume and temperature of unloaded effluent, date for drainage commencing and 
completion and effluent levels on dates of drainage commencing and completion; 

 
A second meeting took place on September 15, 2010, and Dr. Tchekhovski recommended that 
the community should obtain a copy of the sewage lagoon operation manual and maintain the 
records of operation activities as specified in the operation manual.  A copy of the “Electrical 
Operation and Maintenance Manual for Heat Trace of Drainage Pipe” was the only document 
relating to operation of the sewage lagoon that could be found in the public works office.  
 
4.0 CONCLUSIONS AND RECOMMENDATIONS 
  
The dam berms were found in very good operating condition during the site visit.  No effluent 
seepage was identified along the three constructed sewage lagoon berms: northeast, northwest, 
and southwest.  However, the effluent level was very low during the site visit.  AMEC 
recommends that the next site visit by a geotechnical/permafrost engineer be undertaken in 
about 2 years at a time when there is a maximum effluent level in the lagoon (likely early 
summer).  Based on the experience from the first site visit, a detail program for geotechnical 
inspection of the dam could be prepared by AMEC.       
 
The hasp for the manhole lid should be replaced and the manhole lid should be kept locked. 
The community public works office should be provided with the sewage lagoon operation 
manual, including templates for records of the operation activities.   
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Appendix A - Reports 
 

Report Titled “Geotechnical Investigation for Sewage Lagoon, Kugaaruk, NU” dated 
October 31, 2005, submitted to DCL by AMEC. 

 
Report Titled “Sewage Lagoon Cut-off Trench Construction Monitoring, Kugaaruk, NU” 
dated October 31, 2007, submitted to DCL by AMEC. 

 
Report Titled “Licence Number: 3BM – PEL0712, Kugaaruk, NU” dated signed September 
7, 2007, submitted to the Hamlet of Kugaaruk by Nunavut Water Board. 
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Dillon Consulting Limited 
P.O. Box 1409, 
4920 47th Street 
Yellowknife, NT X1A 2P1 
 
Attention: Mr. Gary Strong, P.Eng. 
  Project Manager. 
 
Dear Mr. Strong: 
 
Re: Geotechnical Investigation for Sewage Lagoon, 
 Kugaaruk, NU 
  
At the request of Mr. Gary Strong, on behalf of Dillon Consulting Limited (DCL), AMEC Earth & 
Environmental (AMEC), a division of AMEC Americas Limited conducted a site reconnaissance, 
compiled geotechnical information for the Kugaaruk area and conducted geothermal modeling 
for a proposed sewage treatment system in Kugaaruk, NU.  The purpose of the investigation is 
to assist DCL in the design of a new Sewage and Solid Waste Facility in Kugaaruk, as 
requested by the Government of Nunavut, Department of Community and Government Services 
(DCGS).   
 
Authorization to proceed with the investigation was received by signing Dillon’s Short Form 
Agreement for Sub-Consultant Service dated June 3, 2005 for the above noted project. 
 
1.0 BACKGROUND INFORMATION AND SCOPE OF WORK  
 
The community of Kugaaruk is located on the southwest shore of the Simpson Peninsula on St 
Peter Bay near the mouth of the St. Peter River.  The community is located approximately 1312 
km northeast of Yellowknife. 
 
The proposed sewage lagoon dyke is intended to replace the existing dyke that was built 
approximately 15 years ago.  It is understood that the preferred design of the dyke consist of 
either a frozen-core, low permeability core, or synthetic liner dam concept.  The purpose of the 
undertaken geothermal analysis was to confirm that the frozen core option is feasible for climate 
conditions of the Kugaaruk area.      
 
In accordance with AMEC’s proposal dated April 29, 2005 and subsequent discussions with 
DCL, the original scope of the study was to carry out a full scale of geotechnical investigation, 
including a field reconnaissance, drilling of 6 to 10 boreholes, interpretation of aerial 
photographs and numerical modeling of the temperature regime of the sewage lagoon dyke.   
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Following the site reconnaissance and discussions with DCL, the drilling program and aerial 
photograph interpretation were not undertaken due to sufficient information being obtained to 
design the new lagoon dyke on the basis of the site reconnaissance alone.   
 
AMEC conducted the site reconnaissance between July 3 and 6, 2005.  Representatives of DCL 
and DCGS were also on site during the site reconnaissance.  The site reconnaissance was 
conducted by Mr. Keith Barnes, P.Eng. of AMEC’s Calgary office.  Based on the initial review 
and site reconnaissance, AMEC was able to: 
 

• Identify or characterize the climate, geological and permafrost conditions within the 
Kugaaruk area;  

• provide a geotechnical characterization of existing dyke;  
• perform geothermal modeling of the dyke temperatures; and        
• prepare recommendations for the development of low permeability lagoon dyke. 

 
Results and findings of this investigation are presented in subsequent sections of this report. 
 
2.0 EXISTING DYKE DESCRIPTION 
 
The existing lagoon dyke is located about 1 km, south-southwest of the community of Kugaaruk 
and about 2.4 km southwest of the airport (Figure 1, Appendix A).  It is understood that the 
existing sewage lagoon has been in operation for about 15 years and is of a traditional 
operational design.  Effluent in the lagoon is intended to slowly filter through the downstream 
berm.  It is understood that current water quality tests from water taken downstream of the dyke 
appears to indicate that the effluent exceeds acceptable values. 
 
Based on discussions with Hamlet personnel and observations made during the site 
reconnaissance, it appears that the crest of the downstream berm had been breached at times 
in the past.  The effluent appears to flow directly from the lagoon, through or over the breached 
berm and then downstream.  Hence, minimal filtering of the effluent by the berm occurs.  Photos 
1 and 2 (Appendix A) show the breached portion of the dyke. 
 
One gravel sample was taken from the existing dyke structure in order to assess grain size and 
moisture content.  Results of the testing are presented in Appendix C. 
 
3.0 CLIMATE, GEOLOGY AND PERMAFROST   
 
Kugaaruk is located geographically at approximately 68°32’ N latitude and 89°49’ W longitude. 
No weather station is located in the community and therefore climate records for Kugaaruk were 
estimated based on Igloolik data for the period from 1971 to 2000. Igloolik is located 
approximately 300 km to the northeast. The average annual mean temperature in Igloolik is 
reported to be –13.2 °C.  The average thawing and freezing indices are calculated to be about 
405 °C-days and -5169 °C-days, respectively. 
 
The bedrock in the community and surrounding area generally consists of granite gneiss that is 
weathered, jointed and foliated extensively.  The lines of intersection of these discontinuities 
have created numerous large rock wedges that have been dislodged to some extent by 
repeated freeze-thaw cycles.     
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During the period between the last glaciation and isostatic rebound (approximately 10000 years 
ago), the waters from Gulf of Boothia inundated coastal areas to an elevation of about 125 m 
above the recent sea level.  The marine waters reworked the surficial glacial sediments and as 
a result, fine grained sediments can be found between bedrock ridges at the lower elevations.  
 
Kugaaruk is located north of the Arctic Cycle within the continuous permafrost zone. The depth 
of seasonal thaw has been estimated to vary from about 0.7 m to 1.3 m, depending on ground 
vegetative cover and surface disturbance. Mean annual permafrost temperature within the study 
area is estimated to be about -7°C to –11°C at depth of 12 m to 15 m.  The lower permafrost 
temperatures would be typical for terrains with organic cover and small snow cover, while 
warmer ground temperature would prevail near the ocean shoreline in gravelly and coarse 
grained sandy soils.    
 
4.0 INFERRED SUBSURFACE CONDITIONS 
 
Based on the field reconnaissance, it is concluded that lagoon site is covered with an organic 
mat, 50 mm to 100 mm thick (Photographs 3 and 4, Appendix A).  Poorly drained, saturated fine 
grained marine deposits (sand and silt with gravel and inclusions of cobbles and boulders) likely 
underlie the organics.  It is expected that the thickness of the overburden would be 1 to 3 
meters. Bedrock outcrops can be encountered randomly over the lagoon impoundment 
(Photographs 5 and 6, Appendix A).      
   
The mean annual permafrost temperature is expected to be in a range of -10 °C to -11 oC at a 
depth of about 15 m at the lagoon site.  The thickness of the active layer is expected to be 0.7 m 
to about 1.0 m.  This corresponds to sandy/gravelly saturated soil with the organic mat.   
 
5.0 ENGINEERING RECOMMENDATIONS 
 
This section provides recommendations on design and construction of the dyke and results of 
the dyke temperature modelling. 
 
5.1 Proposed Sewage Dyke  - Liner Option    
 
Figure 2 and 3 (Appendix B) provides a cross section of the sewage dyke as it is proposed by 
DCL.  The upstream and downstream slopes of the dyke are 1V:2 H, corresponding to a slope 
steepness of about 26.5 degrees.  The proposed dyke is 5 m high and 4 m wide at the crest.     
 
Silty sand, sand and gravel may be used for the dyke construction.  This material should be 
screened and cobbles and boulders should be removed.  One potential material could be from 
the granular deposit east of the proposed site.  Results of material testing conducted on a 
stockpiled granular deposit east of the proposed site are presented in Appendix C. 
 
The material used for dyke construction should be unfrozen at the time of placement and should 
be spread by lifts, 250 mm thick or less (compacted thickness).  The compaction can be 
undertaken by bulldozers, D-6 or heavier.  Placement and compaction of fill should not be 
conducted in freezing conditions.  At least three bulldozer passes per lift should be applied.  The 
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upper layer, 0.5 m thick can contain cobbles, up to 200 mm in size, protecting the dyke slopes 
against water erosion.   
                               
An appropriate synthetic liner should be installed in a near vertical position to an assumed 
elevation of 98.5 m, 1.5 m below existing ground surface, near the upstream slope.  The liner 
should extend into a 1.5 m deep cut-off trench below the base of the dyke.  The cut-off trench 
should be backfilled with compacted clayey material or grouted.  The liner curtain should then 
extend straight up to the top of the dyke as shown at Figure 2, Appendix B.  An alternative liner 
option is shown at Figure 3, Appendix B.  It is understood that the constructability of the 
alternative option is more favourable however the liner is almost twice as long.   
 
A low-permeability soil cut-off wall within the dyke, designed for unfrozen performance may also 
be considered.  Due to the minimal amounts of fine grained soils observed in the lagoon area, 
this option was not considered feasible. 
 
5.2 Proposed Sewage Dyke  - Frozen Core Option    
 
As it was described in Section 3.0, the Kugaaruk region is characterized by a mean annual air 
temperature of about -13.2 oC.  AMEC considers that the concept of a frozen core dyke to 
provide primary containment of lagoon waters is technically feasible.  Based on the proposed 
water level being located 1 m below the dyke crest, a 50 mm thick insulation layer (Styrofoam 
HI, or equivalent) should be placed immediately below the dyke crest.  The intent of the 
insulation is to reduce the seasonal and long-term thawing that could penetrate the dyke crest, 
leading to increased percolation of effluent through the dyke.  The insulation should be placed 
on the compacted and smooth gravelly / sandy surface.  A sand layer, 100 mm thick, should be 
placed and compacted on the insulation to 95% of standard Proctor maximum dry density.  A 
protective layer of rock fill about 400 mm thick should be placed over the sand layer (Figure 4, 
Appendix B).  
   
5.3 Existing Dyke Repair 
 
If it is desired to re-design the existing dyke with a frozen core, the dyke should be re-built to the 
dimensions presented in Figure 4.  All loose material should be removed from the existing dyke 
surface and all erosion features should be cleaned of water and ice.  The erosion features 
should be backfilled with engineered fill and compacted with a heavy bulldozer. 
 
Following to the removal of the loose material and backfilling of the erosion features, the dyke 
should be raised to the design elevation in 250 mm (compacted) lifts.  A 50 mm insulation layer 
should be placed on the compacted and smooth gravelly / sandy surface of the dyke crest as 
shown at Figure 4, Appendix B.  A sand layer, 100 mm thick, should be placed and compacted 
on the insulation to 95% of standard Proctor maximum dry density.  A protective layer of rock fill 
about 400 mm thick should be placed over the sand layer.    
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5.4 Sewage Dyke Geothermal Analyses 
 
The geothermal modeling program SIMPTEMP, 2D version, (developed in-house by AMEC) 
was used to analyze the geothermal regimes for the two types of dykes.  The geothermal 
simulator uses the finite element method to compute a numerical solution of the heat transfer 
problem.  Physical/mathematical algorithms used in the SIMTEMP model have been published, 
and the simulation process has been verified- both against well-known analytical solutions of the 
heat transfer problem, and as compared with numerical solutions produced by other 
commercial/non-commercial geothermal software.  AMEC has successfully used the 
SIMPTEMP program for a variety of geothermal applications over a ten years period. 
 
Detailed geothermal analysis has been carried out to assess the present and future thermal 
regime within the Kugaaruk sewage lagoon dyke, and within the dyke foundation soils.  The 
analysis considered the following geometry: 
 

• Height of dyke is 5 m. 
• Width of crest is 4 m. 
• Upstream and Downstream slopes of dyke are 1V:2H. 
• Local soil (silty sand, sand and gravel) is proposed for the dyke core construction. 
• Water proof liner is proposed to place over core material at upstream slope of the dyke 

(see Figure 3). 
• The dyke core will be covered up with rockfill, about 0.5 m thick. 

       
This section briefly describes the initial geothermal conditions assumed for dyke subgrade, the 
model setup, input parameters and the result of the SIMPTEMP analysis. 
 
5.4.1 Boundary Conditions for Dyke Numerical Analysis      
 
The air temperature data and snow depth used for the present analysis were based on the 
Climate Normals for Igloolik weather station for period from 1970 to 2000.  The data on snowfall 
were converted in thickness of the snow cover assuming the following snow densities: 

• September through December - 0.22 g/cm3;  
• January through March – 0.25 g/cm3;  
• April and May – 0.27 g/cm3.   

 
The mean monthly air temperatures and calculated snow thicknesses used for the SIMPTEMP 
model are presented in Table 1.   
 
Table 1:  Mean Monthly Air Temperatures and Snow Thicknesses        
Data Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Temp., 
oC 

-30.6 -31.2 -28.0 -19.3 -8.3 1.6 7.0 4.9 -0.4 -8.9 -19.5 -26.1 

Snow, 
m 

0.43 0.47 0.53 0.55 0.63 --- --- --- 0.07 0.22 0.35 0.43 

 
Mean monthly surface temperatures were applied over the exposed dyke surface, ground 
surface beyond downstream slope of the dyke and over water surfaces beyond upstream slope 
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of the dyke.  To obtain the mean monthly surface temperatures, various n-factor coefficients 
were used over the dyke, downstream ground surface beyond the dyke and water surface.  
No allowance for climate warming was made to the air temperatures over the period of the 
simulation.    
 
Dyke slopes and crest.  It was assumed that practically no snow would accumulate on the dyke 
slopes and crest.  Therefore, an n-factor of 0.9 was applied to the mean monthly air 
temperatures to obtain the mean monthly winter temperatures on the dyke surfaces.  An n-
factor of 1.2 (which corresponds to a bare rockfill surface) was applied to the mean monthly air 
temperatures to obtain the dyke surface temperature in the summertime.   

 
Downstream Terrain Beyond Dyke.  It was assumed that snow could accumulate beyond the 
toe of the dyke.  The calculated snow thickness for the Kugaaruk area is similar to the 
measured snow thicknesses at the Cape Dorset weather station.  It was therefore assessed that 
the n-factors for the Kugaaruk lagoon site would be 0.65 and 0.83 for the winter and summer air 
temperatures, respectively.  The n-factors represent the insulating/warming effect of snow cover 
in the winter, and the cooling effect of the moss/lichen vegetation in the summer.     
 
Water (Upstream Beyond Dyke).   It was assumed that snow could accumulate on the ice 
surface.  Similar to the downstream terrain area, an n-factor of 0.65 was applied to the mean 
monthly air temperatures for the winter months (October through May).  From June through 
September, it was assumed that the water temperature over the entire depth of the water 
column was the same as the mean monthly air temperatures (n – factor = 1.0).   Table 2 
provides data on the mean monthly surface temperatures that were applied over the upper 
boundary of the geothermal models. 
 
Table 2:  Mean Monthly Surface Temperatures on Model Mesh  
Data Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Dyke Crest 
and Slopes 

-27.5 -28.0 -25.2 -17.4 -7.5 1.9 8.4 5.9 -0.4 -8.0 -17.6 -23.5 

Downstream 
Surface 

-19.9 -20.3 -18.2 -12.5 -5.4 1.3 5.8 4.1 -0.3 -5.8 -12.7 -17.0 

1.6 7.0 4.9 Water / Ice 
Surface 

-19.9 -20.3 -18.2 -12.5 -5.4 
Water Temperature equals air 
temperature 

-0.3 -5.8 -12.7 -17.0 

  
5.4.2 Physical and Thermal Soil Properties      
 
Estimates of physical properties for various typical soils expected to be encountered within the 
dyke and dyke foundation were based on the published information (see Section 3.0) and 
results of the tested material obtained during the site reconnaissance.  Thermal properties of the 
materials (thermal conductivity and heat capacity) were selected based on available published 
data, and on previous experience with similar materials.  Table 3 summarizes the material 
physical and thermal properties applied for the geothermal analyses.  
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Table 3:  Physical and Thermal Soil Properties   

Thermal Conductivity, 
W/m/oC 

Heat Capacity, MJ/m3/oC Soil Type Dry Density, 
kN/m3

Moisture 
Content, % 

Frozen Unfrozen Frozen Unfrozen 

Bedrock 28 2 2.90 2.90 2.58 2.58 
Unsaturated 
overburden and 
dyke sand and 
gravel   

20 7 2.90 2.73 2.26 2.68 

Saturated 
rockfill, 
overburden  
and dyke sand 
and gravel 

19.6 15 2.61 2.26 2.26 2.51 

Unsaturated 
rockfill 

20 5 2.9 2.73 2.09 2.26 

Water 10 --- 2.20 0.58 1.95 4.19 
 
                                                                 
5.4.3 Grid and Soil Layers Description 
 
The following soils/materials were identified within the sewage dyke cross-section:  
 

• Unsaturated Rockfill on downstream face of dyke 
• Saturated Rockfill on upstream face of dyke 
• Unsaturated dyke core and native overburden 
• Saturated dyke core and native overburden 
• Bedrock 
• Water 

 
Dimensions of each of the individual layers are shown on the Figures of Appendix B.  Physical 
and thermal properties of the constituent soils/materials identified are provided in Section 5.3.2.   
 
The geothermal modeling grid extended about 104 m below the crest of the dyke and contained 
9350 finite elements and 4816 nodes.  The average dyke and active layer initial temperatures 
were taken as +2 oC, corresponding to the assumed dyke material temperature and active layer 
temperature at the end of summer.  The initial water temperature was also taken as +2 oC.  The 
initial soil temperature from the base of the active layer and to a depth of 12 m was taken to 
decrease gradually from 0 oC to -5 oC.  The soil temperature was then warmed gradually down 
to the bottom of the grid with the geothermal gradient of 0.02 oC/m.     
 
Zero heat flux was applied at lateral boundaries of the grid, while the heat flux at the mesh 
bottom corresponded to the geothermal gradient of 0.02 oC/m.   
 
5.5 Results of Geothermal Modelling 
 
Containment Dyke with Liner 
 
Figure 5 (Appendix B) shows that after the first year of the dyke operation, the active layer at the 
dyke crest is about 1.7 m.  The majority of the dyke core has a temperature in a range from -
1 oC to -2 oC while the ground temperature under the dyke is about -4 oC.  One can see that due 
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to the warming effect of the lagoon water the ground temperature beyond the upstream slope of 
the dyke is about 2 degrees warmer than the ground temperature beyond the downstream slope 
of the dyke. 
 
Figures 6 through 9 (Appendix B) show that no significant changes in the dyke temperature 
regime were observed from the fifth to thirtieth year of the dyke operation.  It can be seen that 
the thickness of the unfrozen zone under the lagoon increases up to 5 m, while the ground 
temperature at the base of the central part of the dyke decreases down to -5 oC.  
 
Frozen Core Containment Dyke 
 
Figure 10 (Appendix B) shows that the placement of insulation across the crest of the dyke 
decreases the thickness of the active layer at the crest to about 0.75 m.   A comparison of 
Figures 5 and 10 shows that the active layer thickness is reduced by about 1 m.  The insulation 
did not change the internal dyke temperature and after the first year of the operation, the 
majority of the dyke core has a temperature in a range from -1 oC to -2 oC.   
 
Figures 11 through 14 (Appendix B) shows that after five years of the operation, the thickness of 
the active layer at the crest of the dyke is decreased to about 0.5 m.  No significant changes in 
the dyke temperature regime are observed from the fifth to thirtieth year of the dyke operation 
(dyke temperature remains in a range from -1 oC to -5 oC, considerably colder than after the first 
year of operation).  It can be seen that the unfrozen zone thickness under the lagoon is 
increased up to 5 m, while the ground temperature at the base of the central part of the dyke is 
decreased down to -7 oC.   These latter temperatures are the same both design options. 
 
Conclusions from Numerical Analyses 
 
The numerical simulation of the liner and frozen core dyke options show that both options are 
technically feasible.  The performance of each option are however dependant on many 
variables that can not be simulated in a numerical model. For example, for the liner option, cuts 
and tears in the liner will result in seepage that will cause warming of the core and the potential 
weakening and settlement of the dyke structure (and piping losses).  Extreme climate warming 
effects could result in a thicker than predicted active layer across the dyke crest, which would 
lead to increased seepage. 
 
5.6 Monitoring and Contingency Planning 
 
If a frozen core design option is implemented, then monitoring observations should confirm that 
the design assumptions made during design are still valid over the life of the structure. 
Monitoring provides an opportunity to identify variations from the design basis and gives 
advance warning of developing issues.  This monitoring is intended to provide lead time so that 
contingency measures may be developed and implement in a pro-active approach, rather than 
reacting to problems as they arise. 
 
Monitoring should consist of the following: 

• multi-bead thermistor cables installed through the dyke and into the native foundation. A 
minimum of two thermistor cables should be installed along the crest of the dyke.  These 
thermistor cables are intended to provide information on the temperatures within the 
dyke and foundation.  They should be read on a bi-monthly basis (six times per year) by 
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local personnel for the first ten years and quarterly (every three months) thereafter. If 
temperature anomalies are identified, increased monitoring should be initiated. 

• At the time of bi-monthly temperature readings, a visual inspection should also be 
conducted of the dyke.  The inspection should be conducted to confirm dyke integrity 
and locate any seepage paths that may have formed. 

 
AMEC may provide additional information on the monitoring program and instrumentation upon 
request. 
 
Contingency planning for potential performance issues in the dykes should be part of the design 
process.  For example, in the event that deeper than expected thawing across the crest of the 
dyke occurs, the installation of thermosyphons to intercept surface warming may be needed. 
The design of the dykes should address how and when mitigation options should be installed. 
 
The owner and operators of the dykes should be advised that monitoring of the dykes is an 
important component of an operations plan and that mitigation against potential seepage and 
thawing may be needed to address future events. 
        
6.0 CLOSURE 
 
The engineering recommendations presented herein are based on results of the site 
reconnaissance, geothermal analysis and review of the available information.  No drilling was 
undertaken at the prospective borrow source locations to determine soil composition.   
 
Results of the geothermal modeling have shown that the dyke temperature range should be 
from -1 oC to -5 oC during the operation years.  The dyke may be designed with a liner placed as 
shown in Figures 2 and 3, Appendix B.  An alternative option would be to construction a clayey 
cut-off core of the dyke.  Implementation of this latter option depends on quality and quantity of 
the available clayey material within the Kugaaruk area (which is expected to be minimal in the 
vicinity of the site).  If insulation is placed within the dyke structure as shown at Figure 4, 
Appendix B, then a frozen core dyke can be designed.  A frozen core design is also suitable for 
the repair of the existing dyke structure.  Monitoring of the performance of the dyke is 
considered an important component of the design of all options. 
 
It should be stated that the results of modelling are valid for the boundary conditions and soil 
properties described in Section 5.4.  If actual boundary conditions (soil properties) will differ 
considerably of applied parameters, then the actual temperatures of the dyke would vary from 
the predicted temperatures.  Performance of the dyke will vary accordingly.       
 
This report has been prepared for the exclusive use of Dillon Consulting Limited and its agents 
for the specific application described in this report.  The use of this report by third parties is done 
so at the sole risk of those parties.  It has been prepared in accordance with generally accepted 
permafrost and foundation engineering practices.  No other warranty, expressed or implied, is 
made. 
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All field work conducted in regards to this work was for the sole purpose of determining 
geotechnical parameters.  No environmental assessment of the existing dykes or surrounding 
areas was conducted by AMEC.  An appropriate environmental assessment of the dykes and 
surrounding lands should be completed prior to undertaking any remedial work or new 
construction. 
 
Respectfully submitted, 
 
AMEC Earth & Environmental, 
a division of AMEC Americas Limited 
 
 
 
 
 
 
 
 
 
Keith Barnes, P.Eng.      Alexandre Tchekhovski, P. Eng., 
Geotechnical / Permafrost Engineer     Senior Permafrost Engineer 
    
Reviewed by: Jim Oswell, P. Eng., 
   Senior Permafrost Engineer
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Appendix A 
 

Figure 1: Site Location Plan 
Plates: Select Photographs 
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Plate 1:  View looking east at existing downstream lagoon. 
   Note breach in dyke 
 

 
Plate 2:  View looking west at existing downstream lagoon. 
   Note breach in dyke 
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Plate 3:  View looking west at potential site of new lagoon. 
   Note thin organic mat 
 

 
Plate 4:  View looking southwest at potential site of new lagoon. 
   Note thin organic mat 
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Plate 5:  View looking northwest at potential site of new lagoon. 
   Note bedrock outcrops 
 

 
Plate 6:  View looking southwest at potential site of new lagoon. 
   Note bedrock outcrops 
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Appendix B 
 

Figure 2: Proposed Dyke Cross-Section, Option 1 
Figure 3: Proposed Dyke Cross-Section, Option 2 

Figure 4: Proposed Dyke Cross-Section, Frozen Core Option 
Figure 5: Dyke Temperatures after 1 Year of Operation, Option 1 & 2 
Figure 6: Dyke Temperatures after 5 Years of Operation, Option 1 & 2 

Figure 7: Dyke Temperatures after 10 Years of Operation, Option 1 & 2 
Figure 8: Dyke Temperatures after 20 Years of Operation, Option 1 & 2 
Figure 9: Dyke Temperatures after 30 Years of Operation, Option 1 & 2 

Figure 10: Dyke Temperatures after 1 Year of Operation, Frozen Core Option 
Figure 11: Dyke Temperatures after 5 Years of Operation, Frozen Core Option 

Figure 12: Dyke Temperatures after 10 Years of Operation, Frozen Core Option 
Figure 13: Dyke Temperatures after 20 Years of Operation, Frozen Core Option 
Figure 14: Dyke Temperatures after 30 Years of Operation, Frozen Core Option 
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Appendix C 
 

Grain Size Analysis 
 



SIEVE ANALYSIS REPORT
AMEC Earth & Environmental
a Division of AMEC Americas Limited

To: Dillon Consulting Limited Office : Calgary
Suite 303, 4920 47 Street, Project No: YX00749
PO Box 1409 Client : Dillon Consulting Limited
Yellowknife, NT X1A 2P4 Copies to : Client

Attn: Gary Strong

Project: Sewage and Solid Waste Facility, Kugaaruk

Sample ID: 05-391 Sample Type: Sand and Gravel Sampled By: AMEC

Date Sampled: Date Received: Date Tested:

                    COBBLES                    GRAVEL                                         SAND        FINES %
          Coarse           Fine Coarse     Medium     Fine Passing
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37.8
28.8
19.0
8.4
5.0
3.4

Source: Bucket #1, Potential Borrow Source
Sample Description: Sand and Gravel with trace fines
Comments : No Specifications

Fracture Count = n/a

a Division of AMEC Americas Limited
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Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of the test results is provided only on 
written request. YX00749 Sieve 05-392 Bucket #1 October 24.xls
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AMEC Earth & Environmental
a Division of AMEC Americas Limited

To: Dillon Consulting Limited Office : Calgary
Suite 303, 4920 47 Street, Project No: YX00749
PO Box 1409 Client : Dillon Consulting Limited
Yellowknife, NT X1A 2P4 Copies to : Client

Attn: Gary Strong

Project: Sewage and Solid Waste Facility, Kugaaruk

Sample ID: 05-392 Sample Type: Gravelly Sand Sampled By: AMEC

Date Sampled: Date Received: Date Tested:

                    COBBLES                    GRAVEL                                         SAND        FINES %
          Coarse           Fine Coarse     Medium     Fine Passing

100.0
99.0
93.1

90.4
85.2
74.4
65.9
53.1
35.8
12.7
5.3
3.1

Source: Bucket #2, Existing Dyke
Sample Description: Gravelly Sand with trace fines
Comments : No Specifications

Fracture Count = n/a
Sample had a distinct odor

a Division of AMEC Americas Limited

Per:

AMEC Earth & Environmental 
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Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of the test results is provided only on 
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AMEC Earth & Environmental  
A division of AMEC Americas Limited 
221 – 18th Street SE 
Calgary, AB, CANADA  T2E 6J5 
Tel +1 (403) 248-4331 
Fax +1 (403) 248-2188  www.amec.com   

 
31 October 2007 
YX00749.100 
 
 
 
 
Dillon Consulting Limited 
P.O. Box 1409, 
4920 - 47th Street 
Yellowknife, NT X1A 2P1 
 
Attention: Mr. Gary Strong, P.Eng. 
  Project Manager 
 
Dear Mr. Strong: 
 
Re: Sewage Lagoon Cut-off Trench Construction Monitoring 
 Kugaaruk, NU 
 
1.0 INTRODUCTION 
 
Presented herein is a summary of the construction monitoring services conducted during the 
excavation and backfilling of the cut-off trench for the sewage lagoon berm in Kugaaruk, NU.  
AMEC Earth & Environmental, a division of AMEC Americas Limited (AMEC), provided onsite 
visual inspection, as well as compaction testing services, for construction of the aforementioned 
cut-off trench from August 24th through September 14th, 2007. 
 
2.0 SCOPE OF WORK 
 
The scope of the work consisted primarily of the following duties: 

• confirmation that the cut-off trench was not less than 2 m deep; 
• confirmation that the cut-off trench was excavated in hard frozen soil or bedrock with a 

practical absence of visible ice; 
• record of the soil composition and ice content in the trench wall and bottom;   
• engineered fill inspection, including such fill parameters as gradation, moisture content, 

frozen/unfrozen state, inclusions of cobbles/boulders;  
• review of lift thicknesses to the capacity of available compaction equipment; 
• measurement of the compacted soil density for each lift, using a nuclear densometer; 
• inspection of geotechnical activities at the site and direction of these activities if they 

contradicted the earth work specifications. 
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3.0 SITE BACKGROUND INFORMATION 
 
The community of Kugaaruk is geographically positioned on the west side of the Simpson 
Peninsula, south of the Boothia Gulf, where the Kugaaruk River enters Pelly Bay. The 
community is located at 68o32’ N Latitude and 89o49’ W Longitude and is approximately 
1213 km northeast of Yellowknife. 
 
The sewage lagoon site is situated approximately 1.5 km south-southwest of the Kugaaruk 
community (Figure 1, Appendix A) and approximately 2.4 km southwest of the airport.   Almost 
the entire cut-off trench alignment passes atop granite gneiss that, with the exception of 
rounded edges from physical weathering and frequent jointing, generally appeared to be strong 
with no visible signs of material weathering.  The occasional to frequent jointing, has created 
numerous large rock wedges that have been dislodged to some extent by repeated freeze-thaw 
cycles.  
 
4.0 CUT-OFF TRENCH EXCAVATION 
 
Excavation of the cut-off trench was performed by Kudlik Construction Ltd. (Kudlik) with the use 
of blasting operations.  Boreholes for the explosives were advanced by an air rotary track 
mounted drill rig (Photograph 1, Appendix B). 
 
For reporting, description, and visualization purposes, the cut-off trench has been divided into 
three segments: northern, eastern, and western.  Elevations of the cut-off trench alignment prior 
to the excavation are shown on Figure 2, Appendix A.  Elevations of the levelling sand layer (the 
layer of sand between the exposed bedrock and the installed liner), placed on the trench bottom 
as well as backfill elevations are presented on Figure 3, Appendix A.   It is noted that the actual 
elevations of the trench bottom are lower than those presented on Figure 3, because most of 
the observed surveying in the cut-off trench was done following placement of the levelling sand 
layer, about 0.2 m thick.  All of the elevations presented on Figures 2 and 3 were provided by 
Kudlik personnel. 
 
The following paragraphs provide results of the observations made during excavating of the 
each segment.   
 
4.1 Eastern Segment of Cut-off Trench  
 
The pre-construction elevations along the eastern segment of the cut-off trench varied between 
approximately 24.0 m, in the area of Sta 0+005, and 28.7 m, geodetic, in the area of Sta 0+030 
(Figure 2, Appendix A).  This segment of the cut-off trench spans approximately 100 m in length 
(Sta 0+000 to Sta 0+100) and was aligned entirely in the relatively competent granite gneiss 
bedrock (Photograph 2, Appendix B).  As shown on Figure 3, the invert elevations along the 
eastern segment after excavation and placement of the levelling sand layer typically varied 
between 21.9 m and 23.4 m, geodetic. 
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Thus, the excavated depths along the eastern segment were at least 2 m below existing grade, 
and were almost 3 m deep in some areas.  The eastern segment of the cut-off trench had been 
completely excavated, but only backfilled and compacted to approximately Sta 0+020.  The 
remaining portion of the eastern segment was left exposed as of 14 September 2007. 
 
4.2 Northern Segment of Cut-off Trench  
 
No elevations were surveyed in the immediate area of the northern segment of the cut-off trench 
prior to construction.  It was understood after discussions with Kudlick and Dillon personnel that 
this segment follows an alignment of a berm which was situated in this area previously.  A 
general view of the northern segment and pre-existing berm are shown on Photograph 3, 
Appendix B.  In accordance with the existing survey data, the ground surface elevations in this 
area were in a range from 24 m to 26 m, geodetic. As shown on Figure 3, the invert elevations 
along the northern segment after removal of the existing berm and cut-off trench excavation 
varied between 20.5 m and 21.7 m, geodetic.  The segment length is approximately 80 m and 
the excavation was carried out through both existing berm fill and granite gneiss bedrock.    The 
excavated depth along this segment is in a range from about 3.5 m to 4 m.  The northern 
segment of the cut-off trench had been successfully excavated, lined, and backfilled with sand 
fill to between approximately 23.6 m and 24.0 m, geodetic on September 14, 2007.   
 
4.3 Western Segment of Cut-off Trench  
 
The pre-construction elevations along the western segment of the cut-off trench varied between 
approximately 25.1 m and 26.5 m, geodetic (Figure 2, Appendix A).  This segment of the cut-off 
trench spans approximately 100 m (Sta 0+000 to Sta 0+100) and is situated entirely within the 
competent granite gneiss bedrock, requiring blasting in order to excavate.  Invert elevations of 
the western segment after the excavation were typically between 22.5 m and 22.6 m, geodetic, 
confirming the excavated depth from 2.5 m to 3.0 m below the existing grade (Figure 3, 
Appendix A).  The western segment was excavated for the entire length (to Sta 0+100), but 
backfilled only to about Sta 0+005 to an approximate elevation of 24.0 m, geodetic. The 
remainder of the trench segment was left exposed. 
 
5.0 CUT-OFF TRENCH BACKFILLING AND COMPACTION  
 
Following blasting for the cut-off trench, the loose rock debris were removed from the trench.    
The base of the excavated cut-off trench was at least 1 m wide, as specified in the design, 
throughout the cut-off trench alignment.  After the cut-off trench was cleared, an approximately 
200 mm to 300 mm thickness of sand was placed over the trench bottom and slopes to prevent 
the liner (Bentofix Thermal Lock GCL) from tearing on the sharp faces/edges of the blasted 
bedrock (Photograph 4, Appendix B).  A sand sample was taken for the Standard Proctor 
Maximum Dry Density (SPMDD) tests and grain size analyses.  The results of the laboratory 
testing program are provided in Appendix C.  Prior to placement of the levelling sand layer, any 
particle sizes larger than coarse gravel were removed by hand.   
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The trench side slopes were packed and smoothed by the bucket of the backhoe and the trench 
bottom was packed with a diesel plate tamper.  The levelling sand layer was not tested for 
compaction so as not to damage the nuclear densometer by striking the underlying bedrock.  
Following placement of the levelling sand layer, the liner was installed and covered with a 
protective sand layer, about 150 mm to 200 mm thick (Photograph 5, Appendix B).  The cut-off 
trench was then backfilled with sand and gravel fill in approximate 250 mm to 300 mm thick lifts.  
Each lift was tested at random locations to measure compacted soil density.  Backfill 
compaction within the cut-off trench was required to be greater than 95% of the SPMDD.  Areas 
with compacted densities below 95% of the SPMDD were compacted again and retested until a 
95% compaction result was obtained.  The compaction tests were carried out using a Troxler 
3300 nuclear densometer.  The test results are shown in Table 1, Appendix D.  Compaction 
tests, which recorded fill densities below 95% of the SPMDD are not presented in Table 1, since 
these results were superseded by subsequent retest results.  
 
The compaction equipment used on the site consisted of a Hatz Supra diesel plate tamper and 
a CAT CS553 vibratory smooth drum roller (packer).  
 
6.0 CONSTRUCTION DISCREPANCIES 
 
The following discrepancies were noted between actual construction conditions and those 
presented in the earthwork specifications of the proposed sewage lagoon design: 
 

• The manhole access and joining pipeline were relocated approximately 19 m east of the 
original location (Figure 4, Appendix A). This decision was made between Kudlik and 
Dillon personnel on the site. 

• Ingress of groundwater was noted along the eastern segment of the cut-off trench at 
approximately Sta 0+070 (Photograph 6, Appendix B).  An available submersible pump 
was not capable of drawing down the water which flowed into the trench from fractured 
bedrock in the active layer.  The water inflow prevented packing of the sand fill in this 
section of the cut-off trench which was left open for the winter to facilitate freezing of the 
active layer.   

• On September 7th, 2007, a hydraulic hose in the packer broke and the smooth drum was 
not able to vibrate during compaction.  In response to this, backfilling was carried out in 
thinner lifts, and packed with the plate tamper and occasionally by trucks and bulldozers.  
Densometer tests have confirmed that the compacted material met the 95% SPMDD 
requirement. 

 





 
 
 

 
  

APPENDIX A 
 

Figure 1:  Community of Kugaaruk 
Figure 2:  Sewage Lagoon Pre-Construction Elevations 

Figure 3:  Cut-Off Trench Excavated Depths and Backfill Elevations 
Figure 4:  Relocated Manhole 
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APPENDIX B 
 

Photographs 
 



 
Photograph 1: Track mounted air rotary rig completing blasting holes. 

 
 
 

 
Photograph 2: Eastern segment of cut-off trench excavated in competent  

and jointed bedrock. 



 

 
Photograph 3: Existing berm (at left) along northern segment of cut-off trench. 

 
 

 
Photograph 4: Excavator placing sand material along trench bottom and slopes. 

 



 
Photograph 5: Placement and backfilling of sand fill atop liner. 

 
 

 

 
Photograph 6: Groundwater ingression along eastern segment of cut-off trench. 

 



 
 
 

 
  

APPENDIX C 
 

Proctor and Sieve Results 









 
 
 

 
  

APPENDIX D 
 

Table 1: Compaction Tests Results Summary 
 



Table 1: Compaction Tests Summary Results

Date Test Location Elevation Material SPMDD and OMC Dry Density Moisture  Compaction
(approximate stations/locations) (m a.s.l.) Tested (kg/m3 , %) (kg/m3) (% by Weight) (% SPMDD)

31-Aug-07 8 m S, 30 m E 21.6 sand + oversize 1800, 13 1733 7.4 96%
Sta 0 + 000 East, 20 m N 21.6 sand + oversize 1800, 13 1793 7.7 100%
Sta 0 + 000 East, 15 m N 21.7 sand + oversize 1800, 13 1863 6 100%
Sta 0 + 000 East, 8 m N 21.6 sand + oversize 1800, 13 1830 6.7 100%

Sta 0 + 000 East 21.6 sand + oversize 1800, 13 1845 6.5 100%
 22.1 sand gravel + oversize& 2230, 6 2193 5.2 98%

Sta 0 + 000 East, 8 m N 22.2 sand & gravel + oversize 2230, 6 2177 5.3 98%
Sta 0 + 000 East, 15 m N 22 sand & gravel + oversize 2230, 6 2186 5.4 98%

8 m S, 30 m E manhole column 22.1 sand & gravel + oversize 2230, 6 2190 5.1 98%
8 m S, 35 m E manhole column 22 sand & gravel + oversize 2230, 6 2197 5.2 99%

5-Sep-07 12 m S along manhole water supply line 22.0 sand, some gravel 2040, 6.8 1975 5.6 97%
2 m S, 1 m W of manhole column 22.2 sand, some gravel 2040, 6.8 1930 5.4 95%

12 m S along manhole water supply line 22.5 sand, some gravel 2040, 6.8 1928 5.8 95%

6-Sep-07 10 m E, 8 m S manhole column 22.4 sand, some gravel 2040, 6.8 1937 6.7 95%
13 m W, 7 m S manhole column 22.0 sand, some gravel 2040, 6.8 1931 6.5 95%
13 m E, 7 m S manhole column 23.0 sand, some gravel 2040, 6.8 1936 6.2 95%
7 m W, 7 m S manhole column 22.2 sand, some gravel 2040, 6.8 1961 7.7 96%
16 m E, 8 m S manhole column 23.1 sand, some gravel 2040, 6.8 1931 6.3 95%
1 m W, 8 m S manhole column 22.4 sand, some gravel 2040, 6.8 1976 7.0 97%
25 m W, 8 m S manhole column 22.1 sand, some gravel 2040, 6.8 1970 8.2 97%
33 m E, 8 m S manhole column 23.2 sand, some gravel 2040, 6.8 1929 5.3 95%

7-Sep-07 25 m W, 7 m S manhole column 22.6 sand, some gravel 2040, 6.8 2014 7.8 99%
13 m W, 8 m S manhole column 23.2 sand, some gravel 2040, 6.8 2008 6.8 98%
7 m E, 7 m S manhole column 23.0 sand, some gravel 2040, 6.8 2061 6.7 101%

26 m E, 12 m S manhole column 22.2 sand, some gravel 2040, 6.8 2032 7.5 100%
Sta 0 + 000 East 22.3 sand, some gravel 2040, 6.8 2033 6.8 100%

35 m W, 8 m S manhole column 22.9 sand, some gravel 2040, 6.8 2026 7.6 99%
Sta 0 + 000 West 22.4 sand, some gravel 2040, 6.8 2050 5.5 100%



Date Test Location Elevation Material SPMDD and OMC Dry Density Moisture  Compaction
(approximate stations/locations) (m a.s.l.) Tested (kg/m3 , %) (kg/m3) (% by Weight) (% SPMDD)

8-Sep-07 Sta 0 + 005 West 22.2 sand, some gravel 2040, 6.8 1941 7.6 95%
Sta 0 + 008 West 22.3 sand, some gravel 2040, 6.8 1985 6.9 97%
Sta 0 + 012 West 22.2 sand, some gravel 2040, 6.8 1960 7.6 96%
Sta 0 + 005 East 23.2 sand, some gravel 2040, 6.8 1953 7.0 96%
Sta 0 + 015 East 23.1 sand, some gravel 2040, 6.8 1956 6.0 96%

1 m W manhole column 23.3 sand, some gravel 2040, 6.8 1952 6.2 96%
1 m W, 4 m S manhole column 23.4 sand, some gravel 2040, 6.8 1939 6.1 95%

Sta 0 + 002 West 23.2 sand, some gravel 2040, 6.8 2000 6.9 98%

9-Sep-07 Sta 0 + 015 West 23.2 sand, some gravel 2040, 6.8 1932 5.6 95%
Sta 0 + 005 West 23.3 sand, some gravel 2040, 6.8 1941 6.6 95%

14 m W, 8 m S manhole column 22.9 sand, some gravel 2040, 6.8 1962 6.5 96%
8 m W, 7 m S manhole column 23.1 sand, some gravel 2040, 6.8 2001 8.6 98%

Sta 0 + 007 West 23.4 sand, some gravel 2040, 6.8 2008 6.2 98%
18 m W, 7 m S manhole column 22.9 sand, some gravel 2040, 6.8 1966 8.6 96%

10-Sep-07 8 m S, 25 m W manhole column 23.4 sand, some gravel 2040, 6.8 1944 6.6 95%
9 m S, 15 m W manhole column 23.3 sand, some gravel 2040, 6.8 1947 7.6 95%
6 m S, 15 m W manhole column 23.4 sand, some gravel 2040, 6.8 1963 6.4 96%
8 m S, 8 m W manhole column 23.3 sand, some gravel 2040, 6.8 1935 6.3 95%

11-Sep-07 6 m S, 12 m W manhole column 23.4 sand, some gravel 2040, 6.8 1976 6.6 97%
21 m W, 7 m S manhole column 23.3 sand, some gravel 2040, 6.8 1937 7.5 95%

Sta 0 + 000 West 23.7 sand, some gravel 2040, 6.8 1957 7.1 96%
35 m W manhole column 23.4 sand, some gravel 2040, 6.8 1987 7.1 97%

Sta 0 + 005 West 23.8 sand, some gravel 2040, 6.8 1964 6.8 96%
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Appendix B – Drawings 
 

Drawings Titled “Sewage & Solid Waste Sites – Record Drawings, Kugaaruk, NU” dated 
December, 2009, submitted to the Government of Nunavut by DCL. 
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Appendix C – Photographs 
 

Photographs 1 through 18 
 
 



 
Photograph 1:  General view of lagoon looking southeast from the northwest berm 

of the dam. 
 

 
Photograph 2:  Northwest berm of dam.  Maximum effluent level represented as a 

broken line of white litter. 

  



 
Photograph 3:  Southeast slope of lagoon with rip rap blanket and half culverts for 

unloading effluent from waste trucks into the pond. 
 

 
Photograph 4:  General view of northeast internal slope. 

  



 
Photograph 5:  Close up view of northwest internal slope. 
 

 
Photograph 6:  General view of southwest internal slope. 

  



 
Photograph 7:  General view of southwest internal slope with the Arctic Ocean in 

the background. 
 

 
Photograph 8:  One meter high external slope along southeast berm. 

  



 
Photograph 9:  About 10 m high external slope along northwest berm. 
 

 
Photograph 10:  A portion of northeast berm with rip rap blanket overlying a 

native rock outcrop. 

  



 
Photograph 11:  Crest of northwest berm. 
 

 
Photograph 12:  Close up view of corrugated outfall pipe at external slope of 

northwest berm. 

  



 
Photograph 13:  Manhole lid with no hasp or padlock. 
 

 
Photograph 14:  General view of overflow weir.  

  



 

 
Photograph 15:  General view of lower pond and outfall pipe. 
 

 
Photograph 16:  Close up view of lower pond. 

  



 
Photograph 17:  Terrain downstream from lower pond.  Green grass shows area 

where effluent is seeping below lower pond embankment. 
 

 
Photograph 18:  Lower pond berm with post. 
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