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INTRODUCTION

WESA, a division of BluMetric Environmental Inc., was retained by Tlicho Engineering &
Environmental Services Ltd (TEES), in order to meet all of the objectives of the scope of work
outlined by the Community Government of Behchokö (CGB) in RfP titled “Solid Waste Site
Investigation and Design” and Dated May 13, 2013. In August 2013, WESA completed a site
investigation and topographic surveying to determine the feasibility of constructing a new solid
waste facility (SWF) on lands adjacent to the existing Behchokö SWF. The site investigation and
topographic surveying has been incorporated into this report in support of:
 A description of regional and site specific geology and hydrology/hydrogeology
 Preliminary Landfill Design
 Class B Cost Estimate
This report will be used to support an application to the Wek’eezhii Land and Water Board
(WLWB) for the authorization of the CGB to establish a new landfill site.

2.

EXISTING GEOLOGY & HYDROLOGY/HYDROGEOLOGY CONDITIONS

2.1

REGIONAL

In this section, a description of the physical setting of the region is presented. This includes a
discussion of the physiography and topography, geology and physical hydrology/hydrogeology.
2.1.1 Physiography and Topography
Northern Canada is characterized by five (5) major physiographic regions. The Community of
Behchokö lies on the boundary of two of these regions; the Interior Plains and the Canadian
Shield. The Interior Plains lie to the west of the Canadian Shield and are comprised of a series of
low-lying plateaus and extensive wetlands. The Canadian Shield, which dominates much of
northern Canada is comprised of rolling terrain containing a maze of lakes and rivers and a high
proportion of exposed bedrock (Natural Resources Canada, 2013).
As indicated above, the topography of the region is dominated by a mix of rolling rocky knobs
intermixed with lower wetlands. Within a 100 km radius of the proposed new SWS site, ground
elevations range from approximately 250 m above sea level (masl) to the north, 260 masl to the
east, 290 masl to the west and 225 masl to the south.
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Surface water in the Behchokö region generally flows south and into Great Slave Lake. From
here the water moves west and then north again through the Mackenzie River, eventually
entering the Arctic Ocean at the Mackenzie Delta.
2.1.2 Geology
2.1.2.1

Surficial Geology

As the case with physiography, the Community of Behchokö lies on the boundary of two surficial
deposits. The region is dominated by a mix of glacial deposits and rock. The glacial deposits are
characterized by sandy, silty and clayey diamicton formed by the direct action of glacier ice. The
rock deposits are characterized as areas with abundant (>75%) bedrock outcrop. Till veneers
with thin and discontinuous till including extensive areas of rock outcrop, as well as undivided
rock with minor quaternary deposits have been documented in the region (Fulton, 1995).
2.1.2.2

Bedrock Geology

Bedrock geology of the region is dominated by stratified rocks of the Protozoic Era to the west
and intrusive rocks of the Precambrian Era to the east. Bedrock age ranges from < 0.5 bilion
years old in the west, to upwards of 2.8 billion years old in the east. These ages coincide with
the Devonian through to the Neoarchean time periods (Wheeler, J.O., et. al, 1996). The
Community of Behchokö is located where the regional geological province of the Interior
Platform meets the Slave Province. Bedrock in this area is documented as undivided granite
(Wheeler, J.O., et. al, 1996).
2.1.2.3

Structural Features and Seismic Activity

The Hay River Fault has been identified as a major strike slip fault in NW Alberta and in NE
British Columbia (NEBC). Generally speaking, it runs in a northeasterly direction from the
Williston Lake area in NEBC to the Great Slave Lake in the Northwest Territories (NWT) and
joins the McDonald Fault. It passes just northwest of Buick in NEBC, just northwest of Hamburg,
just southeast of the Rainbow Basin and just southeast of the Steen River impact structure, all in
Alberta, and near the Pine Point lead-zinc mine near Great Slave Lake (Peirce, et al, 2001). The
Hay River Fault has been interpreted as being the most northwesterly main fault trace of a shear
one that is about 50 km or more wide. This zone is referred to as the Great Slave Lake Shear
Zone (GSLSZ). Within the GSLSZ there are several major right lateral strike slip faults and
accumulated offset of about 535 km (Pierce, et al, 2001).
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That said, in the central part of Canada no significant earthquake risk is considered to exist, while
in the polar regions a moderate level of seismic activity has been predicted. Based on the image
below of earthquakes greater than magnitude 3 in the 20th century, the Community of Behchokö
is considered to have the seismic characteristics of central Canada.

Source: British Columbia Institute of Technology, Department of Civil Engineering.

2.1.2.4

Aggregate Resources

As indicated in section 2.1.2.1, aggregate resources, including sand, gravel and bedrock formations
are known to exist within the region. In a 2008 Territorial Granular Resource Forecast
completed by the Government of Northwest Territories’ Department of Public Works and
Services, Department of Municipal & Community Affairs, Department of Transportation, and
NWT Housing Corporation multi-user granular acquisition opportunities specific to each
community that can be used by municipal governments and other potential stakeholders to
coordinate granular supply operations and achieve economies of scale for the procurement of
granular materials was presented. In this forecast, the Community of Behchokö was identified as
having potential for ongoing multi-use granular acquisition opportunities with:
 The Department of Transportation (DOT);
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Education, Culture & Employment (EC&E);
Health & Social Services (H&SS); and
Resource & Infrastructure Development Opportunities (RIDO).

A review of satellite imagery of the Behchokö area indicates that there are at least seven (7)
existing or closed aggregate pits or quarries with fifteen (15) km of the Community of Behchokö,
indicating that the supply of aggregates for use in the proposed SWF should not be a limiting
factor.
2.1.3 Hydrology/Hydrogeology
2.1.3.1

Physical Hydrology

As alluded to in section 2.1.1, surface waters of the region generally flow south towards Great
Slave Lake, then west to the Mackenzie River and eventually north towards the Mackenzie Delta
and the Arctic Ocean. Given that the area is characterized by a mix of rolling rocky knobs and
low wetlands, connectivity of surface water features can be limited in areas. Flow through many
of the connected surface water features is limited by the climate of the region, with average
temperatures above freezing only occurring for approximately 5 months of the year. During
frozen conditions, in situations where surface water features are shallow and movement is
limited, ice is likely to be present from surface to bottom.
2.1.3.2

Physical Hydrogeology

Groundwater within the region occurs within the unconsolidated overburden units and any
existing bedrock fracture systems, unless otherwise limited by permafrost. The Community of
Behchokö is considered to be located in an area of extensive discontinuous permafrost. Where it
exists, the permafrost will inhibit the flow of groundwater. On a local scale, the seasonal
development of a thawed "active layer" above the permafrost can provide permeable pathways
for the subsurface movement of water and contaminants. For those locations where permafrost
does not exist, groundwater recharge is likely to occur in the areas of course glacial deposits
where limited slope or depressions exist. Based on surficial geologic maps, this is more likely in
the western portion of the region.

2.2

PROPOSED SWF AREA

In this section of the report, more detail is provided on the existing geologic and hydrogeologic
conditions specific to the Proposed SWF Area. Much of the information included in this section
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was gathered during the August 2013 site investigation. Information (i.e. topography, surface
water, groundwater, bedrock, frozen ground, etc.) gathered during this visit is considered to be
the existing site conditions. These existing site conditions form the basis of the information that
will be used in the evaluation of the sites suitability for a SWF, and preliminary landfill design.
2.2.1 Topography and Drainage
Within the Proposed SWF Area, the natural topography ranges from an elevation of
approximately 162 masl at the north edge prior to dipping into a surface water feature to 158
masl on the east edge of the property along the edge of a surface water feature. Topography of
the Proposed SWF Area is shown on Figure 2.
From within the boundaries of the Proposed SWF Area, off-site discharge of surface water that
would potentially be in contact with waste that has been landfilled has the potential to occur in
two locations; south of the Proposed SWF Area, and east of the Proposed SWF Area. Surface
water elevation data (August 2013) and flow direction based on the site investigation is included
in Figure 2.
South of the Proposed SWF Area
A ridge of high land (approximately 161 masl) extends in a northwest – southeast direction across
the northern half of the Proposed SWF Area. Run-off flows south and southwest from this ridge
towards the south boundary of the Proposed SWF Area where a low wetland area exists. Surface
water elevation in the wetland was determined to be 158.941 masl during the site investigation.
From this wetland, flow is directed to the south west where a larger surface water feature exists.
The elevation of this larger surface water feature was determined to be 157.128 masl during the
site investigation. From here, flow appears to be to the south east, eventually reaching a branch
of the Frank Channel.
East of the Proposed SWF Area
Run-off flowing across the north side of the previously described ridge of high land is directed
north east into a low wetland area consisting of a mix of open ponds and channels. Surface
water elevation in the wetland was determined to be approximately 157.2 masl during the site
investigation. From this wetland, flow is directed to the south east through the series of ponds
and channels previously described. The surface water elevation was determined to drop
approximately 0.1 m, to 157.1 masl, as it flows through these features. Flow then continues in a
south east direction, eventually reaching a branch of the Frank Channel. It should also be noted
that surface water from the north, discharged from the sewage lagoon, also enters this branch of
the Frank Channel.
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2.2.2 Geology
The following detailed site geology description is based on the observations made during test
pitting investigations conducted on the Proposed SWF Area.
2.2.2.1

Surficial Geology

The surficial geology across the Proposed SWF Area reflects the same glacial history as the
Regional Study Area (see Section 2.1.2.1). The unconsolidated deposits observed during
subsurface investigations consist principally of silts and clays with sand identified in several of the
test pits. The thickness of these deposits ranged from approximately 0.3 to >1.5 metres. The
surficial deposits are interpreted to be resultant from the direct action of glacial ice on local
bedrock features. Details of the straigraphic units encountered during the test pitting program are
included in Table 1. The stratigraphic units overlying the bedrock within the Proposed SWF Area
include (from ground surface down):





Organic Layer: Dark peaty soil with roots and organics.
Sands (limited to periphery of bedrock outcrops): coarse, found in lenses.
Silty Clay: Uniform and cohesive.

Overburden deposits were found to be relatively heterogeneous across the site, both laterally
and vertically. The organic and silty clay layers were found throughout the site, while the sand
layers were limited to the periphery of bedrock outcrops.
The vertical investigation of the surficial geology was limited by frozen ground conditions, which
were encountered at depths ranging from 0.55 to 2.0 mbgs. The surficial geology described
above is inferred to continue to the bedrock interface.
2.2.3 Physical Hydrogeology
The flow of groundwater through the Proposed SWF Area appears to be heavily limited by
permafrost. Frozen ground conditions were found in eight (8) of the nine (9) test pits advanced
at the site. Permafrost was found at depths ranging from 0.55 to 2.0 mbgs. Above this layer of
Permafrost, groundwater was only encountered in three (3) of the test pits. As indicated in
section 2.1.3.2, this groundwater permeates through the seasonally available “active layer”. This
is a layer of overburden found above the permafrost that is within the water table. Based on
topographic elevation information for the site and the depth groundwater was found within test
pits, it appears that the water table at the site sits at an elevation of approximately 159 masl.
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As indicated in section 2.2.2.2, a drilling program was not incorporated into the work plan for
the characterization of the Proposed SWF Area. As such the flow of groundwater through an
potential bedrock fracture systems under the Proposed SWF Area is unknown.

3.

EVALUATION AGAINST PLANNING CRITERIA

In order for approval to be granted by the WLWB, the Proposed SWF Site must meet a set of
solid waste site planning criteria. Below is a list of the criteria (MACA, 2003) and a comparison
of the Proposed SWF Site to these criteria.

1

2

Criterion

Stipulation

Area sufficient for a
facility with a capacity for
a 40 year life, but a
minimum of 20 year
design life.

Should be based on a
minimum 20 year
design life.

MACA Guidelines
(Section 2.3, 3.2)

Area is in floodplain.

Restricted beyond 1 in
200 year return
Consider and take in
account.

MACA Guidelines

Cover material availability

Where possible, in
area where cover
material is readily
available

MACA Guidelines

Distance from airport to
avoid hazard to aircraft
from scavenging birds.
Distance from community
to avoid unsightliness,
odour and smoke

3 kilometres.

Soberman, et. Al
(1990)

Not visible from
community and/or
main road (where
possible).
As close as possible
while complying with

MACA Guidelines
(Section 1.5.3
Aesthetics)

Climatic conditions of
region; Geologic and
terrain conditions of site.

Reference

MACA Guidelines

3

4

5

6
7

Distance from community
to minimize construction
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MACA Guidelines

Comparison for
Proposed SWF Area
In order to meet criterion
9 and 10, the Proposed
SWF Area is unable to
provide an area sufficient
for 40 year site life.
However, the Proposed
SWF Area is capable of
providing enough area to
meet a 20 year planning
horizon.
Proposed SWF Area is
not within floodplain.
Surficial
geology
considered appropriate
(silty clay). Topography
promotes
run-off
to
existing surface water
features south and east of
Proposed SWF Area,
with Frank’s Channel as
the eventual receiver.
Multi-use
granular
acquisition opportunities
considered
feasible
creating availability of
cover material
Proposed SWF Area is
approximately 7.5 km
from nearest airport.
Proposed SWF Area is
approximately 2 km
from Community of
Behchokö.
Proposed SWF Area is
approximately 2 km
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Reference

and maintenance cost of
access road
Distance from housing.

the previous
stipulation.
450 metres

Distance from public
roads, railways, right-ofways and cemeteries.

90 metres.

Distance from surface
water to minimize
fisheries habitat impacts.

30 metres from high
water mark

Distance from treeline.

10 metres if no
burning will occur.

Environment and
Natural Resources
(ENR) policy

Geotechnical features of
the site.

Consider and take
into account

MACA Guidelines

Location to ensure
protection of drinking
water.

In a watershed that
drains away from the
community drinking
water supply.

Dillon report
guidelines, Public
Health Act

Restricted

MACA Guidelines

15

Located to ensure
protection of
national/territorial parks,
game and wildlife
reserves, special fisheries
areas.
Minimize impacts to land,
birds, animals, vegetation.

16

Zoning.

Contaminants may
not be discharged to
the environment
Accordance with

Environmental
Protection Act
(1988)
Planning Act

8

9

10

11

12

Public Health Act
(1988) and its
General Sanitation
Regulations (1990)
Public Health Act
(1988) and its
General Sanitation
Regulations (1990)
Department of
Fisheries and
Oceans policy

13

14
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Comparison for
Proposed SWF Area
from Community of
Behchokö.
Proposed SWF Area is
approximately 1.8 km
from nearest housing.
Proposed SWF Area will
be a minimum of 90
metres from public roads
(Donda Tili).
Proposed SWF Area will
be a minimum of 30
metres from any surface
water features identified
during the August 2013
site investigation.
10 metre buffer will need
to be cleared around
proposed
landfill
footprint.
Existence of permafrost
and bedrock provides
excellent hydrogeological
barrier.
The
drinking
water
intake for the community
of Rae is Marian Lake.
The
drinking
water
intake for the community
of Edzo is in the West
Channel,
the
most
westerly
drainage
channel from Marian
Lake to Great Slave Lake.
Run-off
from
the
proposed
SWF
area
drains away from both
of these drinking wate
supplies.
Nearest park is North
Arm
Territorial
Park
which is approximately
12 km south of the
Proposed SWF Area.
Proposed SWF Area is
immediately adjacent to
existing SWF.
Proposed SWF Area is
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Reference

current planning
documents

Wind direction.

Downwind of
prevailing winds if
possible

MACA Guidelines
(Section 1.5.3
Aesthetics)

Snow accumulation.

Potential
consideration and
addressed through site
grading and location
of appropriate fences.

MACA Guidelines

17

18

4.

Comparison for
Proposed SWF Area
listed
as
“Bush”.
Proposed
SWF
Area
lands are owned by the
Community
of
Behchokö. Lands require
council approval to be
used for waste disposal.
Dominant wind direction
measured in the region
(i.e.Yellowknife) is from
east and north east
(Pinard et al, 2008).
Proposed SWF Area not
located
in
a
large
depression.
Extensive
snow accumulation not
likely to occur. Snow
removal
to
be
incorporated
into
Operation
and
Maintenance Manual.

PRELIMINARY LANDFILL DESIGN

Preliminary landfill design for the Proposed SWF Area takes into account work previously
completed by Dillon Consulting Ltd. (2006) and Aboriginal Engineering Ltd. (2008).
Previous studies (Dillon/AEL) indicate that a total of 92,963 m3 of cumulative compacted waste
has been calculated for a 20 year planning horizon. Confirmation of this waste volume is
included in Table 2. Table 2 shows the progression of population growth over a 20 year period,
or the Community of Behchokӧ’s requested planning horizon. Waste production rates have been
calculated for various per person-per day input rates, as well as various compaction rates. A
waste input rate of 1.5 kg/person/day with a compaction rate of 300 kg/m3 over the 20 year
planning horizon equates to a total of 105,111 m3. This updated cumulative compacted waste
volume is approximately 12 % higher than that previously calculated by Dillon in 2006. This
increase in required volume is attributable to the increase in population from 2006 to 2013 and,
therefore, the updated cumulative compacted waste volume is considered valid.
The preliminary landfill design includes a waste disposal footprint that is approximately 245 m x
80 m. The preliminary design utilizes a 1 m separation between groundwater table and base of
waste. Information collected during the site investigation indicated that the groundwater table
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was located at approximately 159 to 159.5 masl. This coincides with the elevation of surface
water features around the proposed SWF area, which are also at approximately 159 to 159.5
masl. Based on this information, the base of the landfill should be at 160.5 masl. The base of the
landfill will be constructed of a granular pad to support the weight of the waste. This base layer
will require Waste will then be placed using the area method. Permafrost/bedrock, and the
previously mentioned groundwater table, prohibits the excavation of trenches for waste disposal.
Berms will be placed around the exterior of the waste disposal footprint. These berms will be 2
m in height. Waste will be disposed of directly on the granular pad, worked with heavy
equipment (i.e. bulldozer) and packed against the constructed berm. Given that berm height will
be 2 m, the landfill will be constructed utilizing 2 m lifts. In order to meet the required
compacted waste volume, the landfill will be required to be 7 m in height, or will require 3, 2 m
lifts and 1, 1 m lift. So; lift 1 will be 160.5 masl to 162.5, then lift 2 will be 162.5 to 164.5 masl,
then lift 3 will be 164.5 to 166.5, then lift 4 will be 166.5 to 167.5. The cumulative waste
volume based on the preliminary design described above is 104,583 m3, which is within 0.5% of
the calculated requirements.
Each lift will be comprised of cells. Further details of the cell and lift dimensions and progression
will be described in the finalized design completed during stage 2 of the project. Intermediate
cover material will be placed over each finished lift according to the approved methods.
Materials to be segregated (i.e. hazardous waste, recyclables, scrap metals, tires, etc.) will be
placed in a compound located on the existing landfill. Residents will enter the site by passing this
compound, allowing them to remove any materials for segregation prior to reaching the tipping
face.
The entire waste disposal site will be fenced. This will control access to the site from wildlife, and
should prevent windblown waste from leaving the licensed footprint.
Once the final contours are reached, final cover will be applied according to the approved
methods.
The preliminary landfill design described above is shown on figures 3, 4, and 5. These figures
include a plan view of the preliminary layout, cross sections of the proposed SWF indicating the
various lifts, and the cut/fill requirements for the granular base layer.
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CLASS B COST ESTIMATE

The Class B cost estimate, based on the preliminary design described above is provided under
separate title.

6.

CLOSURE

This site characterization and preliminary design report has been created based on information
gleened from previous reports, site investigation work completed by WESA and any applicable
planning criteria. The data collected during the site investigation represents the conditions at the
investigated locations only. Conditions away from the investigation locations may be different
from those encountered during this study.
The conclusions and preliminary design presented in this report represent our professional
opinion, in light of the terms of reference, scope of work, and any limiting conditions noted
herein.
Respectfully Submitted,

David Davison, B.Sc. (Env)
Environmental Scientist

Tim Beckenham, B.Env.Mgmt
Senior Consultant, Northern Projects Manager
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YB11581 - Behchoko Proposed SWF
Table 1 - Test Pit Logs
Test Pit
I.D.

Interval Depth
(mbgs)

TP 1

0 - 0.1
0.1 - 1.2

TP 2

0 - 0.5
0.5 - 2.0

TP 3

0 - 0.15
0.15 - 0.55

TP 4

0 - 0.5
0.5 - 0.8

TP 5

0 - 0.2
0.2 - 1.0

TP 6

0 - 0.3
0.3 - 0.6

TP 7

0 - 0.15
0.15 - 1

TP 8

0 - 0.2
0.2 - 1.1
1.10 - 1.25
0 - 0.15
0.15 - 0.9

TP 9
0.9 - 1.3

Field Observations and Comments

Organic mat - dense
Silty CLAY, dry to damp with depth
Frozen ground at 1.2 m
Organic soil with roots - black
Silty CLAY, wet (groundwater at 0.5 mbgs)
Frozen ground at 2.0 m
Organic soil with roots - black
Silty CLAY, dry
trace sandy lenses
Frozen ground at 0.55 m
Organic peat - saturated (groundwater at 0.05 mbgs)
CLAY
Frozen ground at 0.8 m
Organic soil with roots - black
Silty CLAY - dry
Frozen ground at 1.0 m
Organic peat and soil with roots - dark brown to black
Sand and Silt with some clay - damp
Bedrock at 0.6 m
Organic peat and soil with roots - dark brown to black
Silty CLAY
Frozen ground at 1.0 m
Organic peat and soil with roots - dark brown to black
Silty CLAY - dry
CLAY - hard
Frozen ground at 1.25 m
Organic peat and soil with roots - dark brown to black
Sandy CLAY with gravel, cobbles and boulders - damp
Silty SAND with gravel, cobbles and trace clay - wet
(groundwater at 1.2 - 1.3 mbgs)
Frozen ground at 1.3m

Total Depth
(mbgs)

1.2

2.0

0.55

0.8

1.0

0.6

1.0

1.25

1.3

YB11581 - Behchoko Proposed SWF
Table 2 - Population and Capacity Information

Year
Population

Annual Waste
Generation (in kg @ 1.5
kg/person/day)
Annual Capacity (in m 3
@ compaction rate of
300 kg/m 3)
20 year cumulative
compacted waste input
(m3)

2012
2174

2013
2215

2014
2257

2015
2300

2016
2344

2017
2389

2018
2434

2019
2480

2020
2527

2021
2575

2022
2624

2023
2674

2024
2725

2025
2777

2026
2829

2027
2883

2028
2938

2029
2994

2030
3051

2031
3109

2032
3168

2033
3228

2034
3289

1190265

1212880

1235925

1259407

1283336

1307719

1332566

1357885

1383685

1409975

1436764

1464063

1491880

1520226

1549110

1578543

1608535

1639098

1670240

1701975

1734312

1767264

1800842

3968

4043

4120

4198

4278

4359

4442

4526

4612

4700

4789

4880

4973

5067

5164

5262

5362

5464

5567

5673

5781

5891

6003

105111

