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EX-i 

Executive Summary 
 
It is proposed to modify the existing sewage lagoon located in the Hamlet of Whale Cove, Nunavut in 
order to increase its capacity.  The proposed modifications would comprise of raising the existing two 
berms (Berms A and C) and construction of three new berms (Berms B, D and E) in order to provide the 
requisite free board for the proposed new higher effluent level in the lagoon.  The new berms are to be 
designed as impervious berms.  The existing seepage berms (except Berm A) are to be converted to 
impervious berms, stability of the slopes is to be assessed, and the slopes are to be modified, if 
necessary, so that they are stable. 
 
The geotechnical investigation comprised of drilling four boreholes at the site.  It revealed that the 
bedrock is present at shallow depth over the majority of the site.  The exception to this is in the vicinity of 
Berms A and C where overburden soils predominantly comprising of sand to sand and gravel extended to 
the entire depth investigated i.e. 7.2 m to 9.5 m (Elevation 12.4 to 13.9 m).  Permafrost under these 
berms was encountered at a depth of 5.7 m below the existing ground surface.  It is considered that the 
permafrost in this area has degraded over the years since the site was a pond prior to construction of the 
lagoon. 
 
It is recommended that the new berms to be constructed (Berms B, D and E) and the existing Berm C 
may be constructed with upstream and downstream side slopes of 3H:1V as these slopes are expected 
to be stable.  The existing Berm A which is to be retained as a permeable berm should be constructed 
with slopes of 4H:1V.  The recommended berm slopes are based on the assumption that the crest width 
of the berms will be 4.0 m and that the berms will be constructed with crushed rock sand and gravel. 
 
Prior to extension of the existing berms or construction of new berms, all the topsoil should be removed 
from area of berm construction.  The existing slopes of the berms which are to be extended should be 
benched in 0.3 m high steps.  The fill should be placed in 300 mm lift thickness and each lift compacted 
to 95 percent of standard Proctor maximum dry density per ASTM D698 – 07e1 Standard Test Methods 
for Laboratory Compaction Characteristics of Soil Using Standard Effort (12 400 ft lbf/ft3 (600 kN m/m3)).  
In-place density tests should be performed to ensure that the specified degree of compaction is being 
achieved. 
 
The above and other related considerations have been discussed in greater detail in the report. 
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1 Background Information 

The existing sewage lagoon located in the Hamlet of Whale Cove (Figure 1) is a natural lake that drains 
to wetland which is approximately 600 m long and discharges to the ocean.  The sewage lagoon was 
constructed by installing berms in order to bridge low lying areas.  These berms were constructed with a 
crest width of 3 to 5 m and side slopes of approximately 2H:1V.  The crest of these berms varied from 
Elevation 21 m to Elevation 22 m.  The berms were constructed with locally available materials which 
essentially comprises of sand and gravel or aggregate obtained by crushing bedrock.  As a result, these 
berms are not impervious.  The liquid level in the lagoon was maintained at Elevation 20.3 m (Figure 2). 
 
It is now proposed to increase the storage capacity of the lagoon which will necessitate raising the liquid 
level in the lagoon to Elevation 21.1 m.  In addition, a 1 metre free board is to be provided resulting in 
crest elevation of the berms to be Elevation 22.1 m.  This would necessitate enlarging and raising the two 
existing berms (i.e. Berms A and C, Figure 2) and construction of three new berms (Berms B, D and E, 
Figure 2).  It is also required to make these berms impervious.  The exception to this is Berm A which is 
to be retained as an exfiltration berm to facilitate seepage out of this berm to the wetlands.  It is proposed 
to install synthetic liners in the berms and to seal them in the bedrock.  In the case of Berm C, where 
bedrock was not encountered, the berm is to be made impervious by freezing the core of the berm to the 
permafrost by installation of thermosyphons. 
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2 Proposed Berms 

2.1 Berm A 
 
It is proposed to increase the length of Berm A as necessary and to raise its crest elevation from 
Elevation 20.8 m to Elevation 22.1 m.  Since this berm is not to be made impervious, side slopes of 
4H:1V are proposed with a crest width of 4.0 m. 

2.2 Berm B 
 
A new Berm B is to be constructed at approximate location shown on Figure 2.  The existing ground 
surface in this area is at Elevation 20.8 m to Elevation 21.0 m.  Therefore, the height of the berm will vary 
from 1.1 m to 1.3 m.  It is proposed to construct the berm in this area with a crest width of 4.0 m and side 
slopes of 3H:1V.  It is proposed to install a synthetic liner in the berm and to anchor it into the bedrock in 
order to render this berm impervious. 

2.3 Berm C 
 
The existing berm in this area is at Elevation 21.7 m to Elevation 21.9 m.  Consequently, this berm would 
be widened (4.0 m width) and raised by placing 0.2 m to 0.4 m of fill.  In addition, the existing slopes of 
this berm are to be flattened to stable slope inclination of 3H:1V.  It is proposed to make this berm 
impervious by freezing the soil in the berm by installing thermosyphons. 

2.4 Berm D 
 
The ground surface at the proposed location of this berm is currently at Elevation 21.9 m to Elevation 
22.0 m.  Therefore, this berm will be constructed by placing a maximum of 0.3 m of fill.  It is proposed to 
construct this berm with a crest width of 4.0 m and side slopes of 3H:1V.  In addition, a synthetic liner is 
to be installed in this berm and anchored into the underlying bedrock to make it impervious. 

2.5 Berm E 
 
The existing ground surface in this area is at Elevation 21.5 m approximately.  In order to achieve a crest 
elevation of 22.1 m, it would be necessary to place approximately 0.6 m of fill.  The berm is to be 
constructed with a crest width of 4.0 m and side slopes of 3H:1V.  In addition, a synthetic liner is to be 
installed in the berm and is to be anchored into the underlying bedrock. 
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3 Geotechnical Conditions 

A geotechnical investigation was undertaken at the existing berm site by exp in 2010 and the factual 
results presented in our report titled “Geotechnical Investigation, Factual Report, Proposed and Existing 
Sewage Lagoon, Hamlet of Whale Cove, Nunavut”, prepared for Government of Nunavut under Project 
No. OTT-00201369-A0 dated November 14, 2011. 
 
The locations of the four boreholes drilled at the site are shown on Site Plan, Figure 2.  The borehole logs 
have been presented as Figures 3 to 7 inclusive.  A review of these figures indicates the following soil 
stratigraphy in descending order: 

3.1 Topsoil 
 
Approximately 330 m of topsoil was encountered in Borehole 3. 

3.2 Fill 
 
Boreholes 1 and 2 were drilled on top of the existing berms and encountered fill to 1.2 m and 1.5 m depth 
respectively (Elevation 19.9 m and 20.4 m).  The fill consists of sand and gravel with some cobbles and 
silt.  It has a moisture content of 6 to 14 percent.  The fill comprises of 1 percent clay, 5 percent silt, 46 
percent sand and 48 percent gravel (Figure 8). 

3.3 Silt 
 
The fill in Borehole 1 is underlain by a 200 mm thick layer of silt with some organics.  This is possibly the 
original topsoil. 

3.4 Sand to Sand and Gravel  
 
The silt in Borehole 1 is underlain by sand which extends to 4.2 m depth (Elevation 16.9 m) and sandy silt 
which extends to 5.4 m (Elevation 15.7 m).  The sand stratum contains some shells and occasional 
cobbles and boulders.  Its moisture content varies from 14 to 22 percent.  The sand stratum comprises of 
2 percent clay, 11 percent silt, 68 percent sand and 19 percent gravel (Figure 9). 
 
The sandy silt has a moisture content of 20 to 24 percent.  Typically, it contains 15 percent clay, 48 
percent silt, 25 percent sand and 12 percent gravel (Figure 10). 
 
Beneath the fill in Borehole 2 and from the existing ground surface in Boreholes 3 and 4, sand and gravel 
to gravel was encountered and extends to 0.4 m to 4.5 m (Elevation 17.3 m to 20.7 m).  The natural 
moisture content of this stratum varies from 9 to 20 percent.  This stratum contains 4 percent silt, 3 
percent sand and 93 percent gravel (Figure 11). 
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The sandy silt in Borehole 1 and the sand and gravel in Borehole 2 are underlain by sandy gravel which 
extends to the entire depth investigated in Borehole 1 (i.e. 7.2 m depth, Elevation 13.9 m) and to 5.7 m 
depth (Elevation 16.2 m) in Borehole 2.  It has a moisture content of 10 to 15 percent.  This stratum 
contains 0 to 1 percent clay, 0 to 14 percent silt, 1 to 27 percent sand and 58 to 91 percent gravel (Figure 
12 and 13). 
 
The sandy gravel in Borehole 2 is underlain by silt and sand stratum which extends to the entire depth 
investigated i.e. 9.5 m, Elevation 12.4 m.  This stratum contains some clayey silt layers.  Its moisture 
content varies from 11 to 30 percent.  It comprises of 12 percent clay, 40 percent silt and 48 percent sand 
(Figure 14). 

3.5 Bedrock 
 
The sand and gravel in Borehole Nos. 3 and 4 is underlain by Dolomite bedrock which extends to the 
maximum depth investigated in the boreholes.  The bedrock was of good to excellent quality based on 
the Rock Quality Designation results which ranged between 85 and 100 percent. 

3.6 Permafrost 
 
It is noted that permafrost was encountered at 5.7 m depth in Boreholes 1 and 2.  It is considered that the 
permafrost has degraded over the years since the site is an old pond. 
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4 Discussion 

The geotechnical investigation has revealed that the bedrock at the site is present at shallow depth 
except in the vicinity of Berms A and C where bedrock was not encountered to the entire depth 
investigated.  As a result, seepage through these berms cannot be prevented by installing liner in the 
berms and anchoring them in the bedrock.  Berm A is located upstream of the wetlands and it is 
understood that this berm would be retained as a ‘seepage berm’.  Berm C is to be made impervious by 
freezing the soil in the berm with the installations of thermosyphons.  The bedrock is present at shallow 
depth in the vicinity of the proposed three new berms (Berms B, D and E).  In the case of Berms B and E, 
liners will be installed in the berms and socketed into the bedrock.  Berm D does not require a liner. 
 
A slope stability analysis was undertaken for all the berms except for Berm D.  The reason for this is that 
this berm would be founded on bedrock and will be only 0.5 m high in order to provide the requisite 1 m 
free board.  In addition, the effluent level in the lagoon will be below the bottom of this shallow berm.  It 
was therefore considered that this berm constructed with side slopes of 3H:1V will be stable and slope 
stability analysis is not required. 
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5 Slope Stability Analysis 

The slope stability analysis was undertaken for four berms (Berms A to C and E) in order to determine the 
design upstream and downstream.  It is noted that Berms B and E are to be made impervious by 
installation of liners in the berms and socketing these liners into bedrock.  Berm C is to be made 
impervious by freezing the central core of the berm and the foundation soils in a permanently frozen state 
by installation of thermosyphons.  However, the surfaces of the inside and outside slopes of the berms 
would be subject to seasonal freezing and thawing.  Also, although the permeability of the frozen soil is 
very low, it is feasible that a steady state seepage condition may develop in the berm over a long period 
of time or due to malfunctioning of the thermosyphons.  Therefore, the stability of slope analyses to 
compute the design side slopes of these berms were based on unfrozen soils and assuming that 
seepage can take place through the berms.  It is considered that this assumption will also be valid for 
lagoons which are to be made impervious by installation of liners in the berms since these conditions may 
develop if the liner gets damaged or if the liner joint(s) fail. 
 
The stability of the slopes was analysed using Bishop’s Modified Method.  Slope/W. Geoslope office, 
Version 4.23 Computerized system was used to assess stability of the slopes.  The upstream and 
downstream slopes of Berms A, B, C and E were analysed. 
 
The geotechnical investigation has revealed that the bedrock at the site is present at shallow depth in the 
vicinity of Berms B, D and E.  Bedrock was not encountered to the depth investigated in the case of 
Berms A and C (i.e. 7.2 m and 9.5 m depth respectively). 
 
The upstream slopes of the berms were analyzed for the following conditions: 
 

(a) Fully submerged conditions 

(b) Fully submerged conditions and seismic loading 

(c) Rapid drawdown conditions 

(d) Rapid drawdown conditions and seismic loading 
 
The downstream slopes were analysed for the following conditions: 
 

(a) Steady state seepage conditions 

(b) Steady state seepage conditions and seismic loading 
 
The following assumptions were made in slope stability analysis: 
 

(a) The crest of all the berms will be at Elevation 22.1 m.  The crest width will be 4 m. 

(b) The berms will be constructed with side slopes of 3H:1V to 4H:1V.  Crushed rock sand and 
gravel fill will be used for construction of the berms. 
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(c) The bottom of the sewage lagoon is at Elevation 19.9 m to 20.4 m whereas the maximum effluent 
level in the lagoon will be at Elevation 21.1 m. 

(d) Widening and raising of the existing berms will be undertaken by placing additional material on 
crest of the existing berms and on the downstream side of the berms. 

(e) Although all the berms, except Berm A, will be designed as impervious berms by either 
installation of liner in the berms socketed into the bedrock or by permanently freezing the core of 
the berm and the underlying natural soil, the slope stability analyses were undertaken based on 
the assumption that the berms have been designed ‘as seepage berms’.  It is noted that this 
condition may result if the liners get damaged in any way or if the central core of Berm A cannot 
be permanently maintained in a frozen state. 

(f) Based on a literature search, the following engineering properties were assumed for the various 
materials to be used in the construction of the berms and the natural soils encountered at the 
site: 

 

Table I – Geotechnical Parameters of Various Soil Stratas 

Soil Type Unit Weight 

(kN/m3) 

Effective Cohesion c’ 

(kPa) 

Effective Angle of Internal 

Friction ᶲ (degrees) 

Proposed Fill 22.0 0 38 

Existing Fill 20.0 0 32 

Organic Silt 18.0 0 20 

Sandy Silt 20.0 0 25 

Sand 22.0 0 30 

Sandy Gravel 22.0 0 35 

 
The results of the slope stability analyses have been presented on Table II. 
 

Table II - Computed Factors of Safety for Upstream and Downstream Berm Slopes 

Berm 

Identification 

Slope 

Identification 

Slope 

Inclination 

Loading Condition Computed 

Factor of 

Safety 

Figure 

# 

A Upstream 3H:1V Rapid drawdown (with topsoil layer) 0.74 15 

   Rapid drawdown (topsoil layer 

removed) 

1.30 16 

   Rapid drawdown with seismic loading 1.05 17 

   Submerged slope 2.38 18 

   Submerged slope with seismic loading 1.76 19 
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Table II - Computed Factors of Safety for Upstream and Downstream Berm Slopes 

Berm 

Identification 

Slope 

Identification 

Slope 

Inclination 

Loading Condition Computed 

Factor of 

Safety 

Figure 

# 

A Upstream 4H:1V Rapid drawdown 1.59 20 

   Rapid drawdown with seismic loading 1.35 21 

   Submerged slope 2.66 22 

   Submerged slope with seismic loading 2.08 23 

 Downstream 3H:1V Steady state seepage 0.96 24 

   Steady state seepage with seismic 

loading 

0.87 25 

  4H:1V Steady state seepage 1.47 26 

   Steady state seepage with seismic 

loading 

1.25 27 

B Upstream 3H:1V Rapid drawdown 2.62 28 

   Rapid drawdown with seismic loading 2.25 29 

   Submerged slope 2.62 30 

   Submerged slope with seismic loading 2.25 31 

 Downstream 3H:1V Steady state seepage 2.13 32 

   Steady state seepage with seismic 

loading 

1.77 33 

C Upstream 3H:1V Rapid drawdown 2.08 34 

   Rapid drawdown with seismic loading 1.72 35 

   Submerged slope 2.17 36 

   Submerged slope with seismic loading 1.82 37 

 Downstream 3H:1V Steady state seepage 4.68 38 

   Steady state seepage with seismic 

loading 

3.31 39 

E Upstream 3H:1V Rapid drawdown 2.71 40 

   Rapid drawdown with seismic loading 2.26 41 

   Submerged slope 2.71 42 

   Submerged slope with seismic loading 2.26 43 

 Downstream 3H:1V Steady state seepage 3.2 44 

   Steady state seepage with seismic 

loading 

2.66 45 
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Based on current practice in the industry, a factor of safety of 1.5 is required for static loading conditions 
and a factor of safety of 1.1 for seismic loading conditions.  A review of Table II indicates that the 
requisite factor of safety against slope failure are available if the berms are designed with upstream and 
downstream slopes of 3H:1V.  The exception to this is Berm A in which case 4H:1V upstream and 
downstream slopes are required in order to obtain the requisite factors of safety. 
 
It is recommended that the berms should be designed with side slopes of 3H:1V except for Berm A where 
upstream and downstream slopes should be designed with slopes 4H:1V.  It is noted that these 
computations are based on the assumption that the berms would be constructed with crushed rock sand 
and gravel.  If it is decided to use different materials for construction of the berms, this office should be 
consulted since in this case it may be necessary to re-evaluate the berm slopes.  The analysis also 
assumes that topsoil layer will be removed from under the new berms and the extended portion of the 
existing berms. 
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Chapter 6 – 
Construction Considerations 
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6 Construction Considerations 

It is recommended that all the topsoil should be removed from under the proposed berms or from under 
the expanded portions of the berms.  To ensure satisfactory performance of the extended berm, it would 
be essential to bench the existing slopes in 0.3 m high steps to receive the new fill.  The new fill may then 
be placed in 0.3 m lift thicknesses and each lift compacted to at least 95 percent of standard Proctor 
maximum dry density per ASTM D698 – 07e1 Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Standard Effort (12 400 ft lbf/ft3 (600 kN m/m3)).  In place density tests 
should be performed on each lift to ensure that the specified degree of compaction has been achieved. 
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Chapter 7 – 
Erosion Protection 
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7 Erosion Protection 

It is noted that the computed upstream and downstream slope inclinations will be stable provided that the 
berms are not overtopped.  Potential exists for considerable erosion and possibly failure of the berms if 
overtopped.  Overtopping of the berms may be prevented by construction of a proper spillway structure 
which is capable of handling the overflow. 
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Chapter 8 – 
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8 General Comments 

The comments given in this report are intended only for the guidance of design engineers.  The number 
of boreholes required to determine the localized underground conditions between boreholes affecting 
construction costs, techniques, sequencing, equipment scheduling, etc. would be much greater than has 
been carried out for the design purposes.  Contractors bidding on or undertaking the works should, in this 
light, decide on their own investigations, as well as their own interpretations of the factual borehole 
results, so that they may draw their own conclusions as to how the subsurface conditions may affect 
them. 
 
The information contained in this report is not intended to reflect on environmental aspects of the soils.  
Should specific information be required, including for example, the presence of pollutants, contaminants 
or other hazards in the soil, additional testing may be required. 
 
We trust that the information contained in this report will be satisfactory for your purposes.  Should you 
have any questions, please do not hesitate to contact this office. 
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