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EXECUTIVE SUMMARY
Dillon Consulting Limited has been retained by the Government of Northwest Territories, Public Works
and Services to assess the Hamlet of Trout Lake’s aging sewage and solid waste sites. It is the intent of
this study to develop a long-term plan to meet the 20-year community demands. The goal of the project is
to:
• Complete a site investigation of the current facilities,
• Identify any deficiencies,
• Determine the expected life,
• Provide operational and capital improvements to extend the life of the facility or
• Select a new site,
• Evaluate the options and;
• Provide recommendations.
The community of Trout Lake is located on the south shore of Trout Lake, 161 air km south of Fort
Simpson and 442 air km southwest of Yellowknife. Access to the community is limited and is available
through Fort Simpson.
Trout Lake’s existing sewage treatment facility has been experiencing operational problems in the past
few years. The sewage lagoon system has reportedly overflowed its dykes on numerous occasions,
despite efforts to draw-down the cells’ effluent prior to the onset of winter. Trout Lake’s existing solid
waste facility utilizes the pit disposal approach where solid waste would be placed in the open trenches
and then covered with clean fill, at least annually. The landfill site currently only has only one trench
with its capacity exceeded and there appears to be no cover material. In addition, it was observed that the
community currently disposes of their diapers in a location separate from the solid waste site.
As part of the study, two new sites were evaluated as possible options for the construction of a new
lagoon and solid waste facility. However, the cost of road development to any new site is very high in
comparison to expanding upon the existing site where the road infrastructure is already in place. Using a
set of criteria, the best-balanced choice and most cost effective solution to the sewage and solid waste
treatment and disposal in Trout Lake is to expand onto the existing sites. This would involve converting
the existing lagoon cell into a primary cell and constructing a new secondary storage cell. This
recommendation would also require the excavation of a new trench at the existing solid waste facility and
providing a designated area for the disposal of diapers.
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INTRODUCTION

The Hamlet of Trout Lake (Samba K’e) currently has operational, but aging sewage and solid wastes
sites. The sewage lagoon was designed to be an exfiltration lagoon; however, due to a high water table in
the current location, the lagoon is not working as intended. The community is also concerned with the
possibility of the lagoon effluent discharging through the wetland to a point near the community water
supply. The current condition of the lagoon and solid waste site needs to be assessed to determine if this
lagoon and solid waste site can meet the long-term needs of the community. It is a requirement of the
study that the 20-year community demands be assessed, and the study is to develop a long-term plan to
address the community’s sewage treatment and disposal and solid waste disposal requirements for the 20year horizon.

1.1

General

The community is located on the south shore of Trout Lake, 161 air km south of Fort Simpson and 442 air
km southwest of Yellowknife, at 60’266’N latitude and 121’156’W. See Figure 1 located in Appendix A
for the community location within the Northwest Territories. All figures are located in Appendix A. The
land claim area of Trout Lake is Deh Cho Treaty 11. Access to the community is limited and is available
through Fort Simpson. A winter road links Trout Lake with the Mackenzie Highway. The Northwest
Company established a post on Trout River in 1796; however it did not become an organized community
until the late 1960s. Today, hunting, fishing and trapping are the major sources of income.

Trout Lake’s existing sewage treatment facility has been experiencing operational problems in the past
few years. The sewage lagoon system has reportedly overflowed its dykes on numerous occasions,
despite efforts to draw-down the two cells’ effluent prior to the onset of winter. In addition, during the
original design of the lagoon, it was believed that the majority of sewage would seep away or evaporate.
The original design concept suggested that designing a sewage pit constructed with top dimensions of 72
meters long and 25 meters wide with a depth of 3 meters should provide capacity for 5 years. In addition
to the 5 year cell, additional cells could be added to accommodate a 20-year period, within the area of 200
meters by 125 meters available at the site. In actuality, two sewage pits, each with top dimensions of 30
meters by 25 meters was constructed in the winter of 1992/1993. Each pit was estimated to provide a
capacity for at least 3 years (Lee Maher Engineering Associates Ltd., 1992). Therefore, it can be
reasoned why there are capacity issues with the existing sewage lagoon system.
Trout Lake’s existing solid waste facility utilizes the pit disposal approach where solid waste is placed in
the open trenches and then covered with clean fill, at least annually. A trench was excavated during the
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winter of 1992/1993, which was estimated to have a capacity for at least 3 years (Lee Maher Engineering
Associates Ltd., 1992). The landfill site currently only has only one trench, but it was designed for two.
Therefore, excavating a second trench would resolve the capacity issue.
It has been addressed by the Trout Lake community leaders that the location of the existing lagoon and
landfill site are of a concern to the residents due to the frequent visitation of wildlife in the area.
This planning study was initiated by GNWT to address these issues, evaluate the current facilities, and
provide recommendations for sewage treatment and solid waste disposal facility upgrading or relocation.
The study will assess alternate solid waste sites that may be suitable for a long-term use and document the
development of alternatives for future sewage treatment.

1.2

Background

1.2.1

Sewage Treatment and Disposal

Sewage waste is currently trucked to the lagoon site, which is located approximately 2.5 km south of the
town. The sewage is discharged to Cell 1 and flows to Cell 2 through an interconnecting weir located
between the two cells. The current site has been in operation for a number of years, and has been
operated as a sewage pit incorporating evaporation and exfiltration.
1.2.2

Solid Waste Disposal

Solid waste is collected on a scheduled basis and transported to the existing landfill site, which is located
adjacent to the sewage lagoon, across the main access road. The current site has been in operation for a
number of years, and has been operated as a trench, fill and cover method of solid waste disposal.
Study Goals and Objectives

1.3

Goals and objectives of the study are described in detail in the Terms of Reference (Appendix C) and
briefly described below;
Sewage Lagoon Requirements
•
•
•
•

Complete a site investigation of the current facility
Evaluate the estimate facility and identify deficiencies
Determine the expected life of the facility
Develop option for operational and capital improvement to extend the life of the facility, and look
at alternative sites for development
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Develop Class “C” cost estimates for the options
Using a set of criteria, evaluate the options

Solid Waste Site Requirements
•
•
•
•
•
•
•

Complete a site investigation of the current facility
Evaluate the estimate facility and identify deficiencies
Determine the expected life of the facility
Develop option for operational and capital improvement to extend the life of the facility, and look
at alternative sites for development
Develop Class “C” cost estimates for the development and implementation of closure plans
Determine the required approval process from the environmental agencies
Using a set of criteria, evaluate the options for alternative sites

2

COMMUNITY INFORMATION

2.1

General

Detailed geotechnical evaluations of several locations in Trout Lake were performed by Guy Architects
and Thurber Engineering Ltd. (Thurber) and in February 1991 and November 1991 and 1992. The
overlying flora consists of mature growth coniferous forest of medium density with an average trunk
diameter of 0.5 m (Guy Architects, 1991). The terrain in Trout Lake is generally characterized by a thin
(0.3 m or less) surface veneer of silty sand underlain by sandy clay which grades into a medium plastic,
dark grey clay till with occasional gravel and cobbles.
Trout Lake lies within the zone of discontinuous permafrost. While excavating test pits in the vicinity of
Site 1 (Figure 3), Thurber determined that permanently frozen ground conditions were not encountered in
any of the test pits; however, excavation depths of 0.8 m to 0.9 m were less than the active layer thaw
depth which was observed to be between 1.2 m to 1.5 m. It is possible that permafrost still exists below
the investigated depth particularly in the undisturbed virgin areas (Thurber Engineering Ltd., 1991 and
1992).
2.2

Site Visit

On July 19, 2005, Trout Lake was visited by William Reimer of GNWT, Public Works and Services,
Gary Strong of Dillon Consulting Limited (Dillon) and Joanne Wong Li of Dillon. The purpose of this
visit was to discuss the concerns of the community regarding sewage treatment and solid waste disposal,
and to tour the existing facilities to determine their current conditions.
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The existing sewage treatment and solid waste sites were toured, as were potential new locations for the
possible relocation of the sewage treatment and solid waste facilities. A meeting was held and was
attended by;
Community Members:
Chief Dennis Deneron
Ruby Jumbo
Public Works and Services:
William Reimer
Dillon Consulting Limited:
Gary Strong
Joanne Wong Li
Comments were provided by the community on the existing sewage treatment and solid waste sites.
1. Existing sites are too close to town.
2. Optional sites discussed included:
a. Site 1 - located approximately 3.5 km south-west along the north cutline of the existing
lagoon and landfill sites on the ridge.
b. Site 2 – located approximately 3 km south of the existing lagoon and landfill sites on the
ridge.
c. Site 3 – expand and upgrade the existing lagoon and landfill sites, located approximately
2.5 km from the community.
3. Dillon needs to check with the Department of Transportation, as there was mention that the
Department was interested in relocating the airport runway to the location of the existing lagoon
and landfill sites.
4. The community is expanding approximately 2 houses per year.
5. The existing lagoon and landfill sites are attracting wildlife.
6. There does not appear to be any fish runs in the Island River since the commissioning of the
lagoon. Analysis of the satellite images of Trout Lake (Figure 3) shows that the general direction
of flow from Site 3, existing lagoon and solid waste sites, is north towards Island River.
Bacteriological sample results taken in July 2005 at three locations, namely the government dock
at Island River, the creek located near the sewage lagoon and the culvert are provided in
Appendix H. The Canadian Council of Ministers of the Environment strategy for municipal
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wastewater discharge is 1x104 fecal coliforms per 100 mL. Comparing the results of the
bacteriological samples showed that the impact from the sewage discharge is well below the
discharge limits.
Existing Sewage Treatment System
The existing sewage lagoon system consists of two cells. The first cell is approximately 30 meters by 25
meters in area. The second cell is also approximately 30 meters by 25 meters. The estimated volume
calculations for the cells are shown in Section 5. Detailed design of the lagoon system is not available as
it was built from the information provided in a planning study conducted by Lee Maher Engineering
Associates in September 1992 as shown in Appendix I. The operation of the lagoon consists of sewage
being trucked to the site and discharged to Cell 1. The sewage flows to Cell 2, either by pumping, or
through an interconnecting weir located between the two cells. The normal operation is to pump the
liquid between the two cells after Cell 2 is discharged once per year in the fall using a portable pump.
The discharge flows overland through a series of ditches and wetland type areas finally discharging to
Trout Lake.
The existing sewage lagoon was designed to incorporate significant evaporation and exfiltration.
Information on the soil composition of the area was provided by four test pits excavated during a
geotechnical investigation of the site in October 1992 (Lee Maher Engineering Associates Ltd., October
1992). Depths between 0.8 m to 0.9 m were excavated and the results indicated a soil type primarily of
sand (light brown, silty) from a depth of approximately 0.5 m from the surface and clay till (light brown,
sandy, silty, with trace rootlets, gravel and cobbles) encountered from depth of 0.5 m from the surface to
the end of the test pits excavation of 0.8 to 0.9 m (Appendix J). Also the 1994 Thurber Engineering
report indicated the presence of relatively impervious clay at shallow depths. These reports suggest that
the original design concept of using exfiltration may be flawed. There was no accompanying
documentation on the specific hydraulic conductivity of the clay till, and as such, no determination can be
made on the specific site exfiltration rates expected.
During the site visit in July 2005, it was observed that the water table was at the surface level of the
lagoon due to the saturation of the grounds surrounding the lagoon. It can be assumed that during low
water table, there may be exfiltration from the lagoon and during high water table, there may be
infiltration into the lagoon due to the seepage through the sandy areas, and possibly through the clay tills.
Observations were noted during the site visit that the top of lagoon is built up slightly from the
surrounding area, however, it does not have well constructed berms above existing grade. Therefore, it
maybe possible under spring run off conditions, that runoff water can be flowing over the berms and into
the lagoon.
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The existing lagoon is undersized for the 20-year design population. In addition to the capacity issue,
there are also concerns that the lagoon is not functioning as it was intended; hence, in essence, the life of
the lagoon has expired. The recommended approach is to convert the evaporative lagoon into a
facultative lagoon. Indian and Northern Affairs in their document “Best Available Technology for
Sewage Treatment in the North, July 2003” define facultative lagoons as follows;
Facultative lagoons are the most prominent type (in the north). The have both aerobic and
anaerobic processes. Algae supplies oxygen to the supernatant, which is the upper portion of the
lagoon. The lower portion has no oxygen supply.
Facultative lagoons for northern climates are designed with low organic loading rates and long retention
times (Smith, 1996). If the existing site were chosen as the preferred site, the existing 2-cell lagoon could
be converted into a primary cell and an additional cell would be constructed as a secondary storage cell.
This secondary cell would be located adjacent to the existing cell to the west in the land area already
cleared of trees, as shown in Photograph 6 in Photosheet 2 of Appendix B. Both primary and secondary
cells would be built with a berm surrounding the cells to account for the freeboard depth and both cells
should be constructed with a suitable material, such as clay with a hydraulic conductivity of 1x10-6 cm/s
or less or a geomembrane to prevent seepage. Preliminary estimates of the area requirements for this
expansion, including the use of the existing lagoon, are approximately 125 m by 60 m. This includes the
areas required for berm construction and site drainage.
In the interim, remedial work can be done to ensure the proper functioning of the existing lagoon. This
would include building up the perimeter of the lagoon cells by constructing a berm from the native
material found around the site. This would create a swale around the lagoon that could be directed
elsewhere.
Drainage from the existing lagoon site typically flows north towards Island River. As the community’s
water reservoir is located west of the lagoon site adjacent to Trout Lake, there would be no direct impact
on the drinking water source.
Existing Solid Waste Site
The landfill consists of a bulky waste dump and a solid waste dump. The land area of the bulky waste site
is approximately 75 meters by 75 meters and the area of the solid waste site is approximately 150 meters
by 10 meters as shown in Appendix I. Similar to the sewage lagoon, information on the detailed design
of the landfill was not available as it was built from the planning study conducted by Lee Maher
Engineering Associates Ltd. in September 1992. In addition to the bulky waste and solid waste sites, the
community has an area designated for the disposal of diapers located south of the town, off the main
access road, approximately 800 m from the end of the airport runway as shown in Figure 3. It would be
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recommended that a new trench be excavated adjacent to the existing trench for the disposal of diapers
and that all the diapers at the existing site are transported to this new diaper disposal area.
The existing facilities location relative to the town is shown in Figure 2 of Appendix A. Select site
photographs are shown in the Photosheets found in Appendix B. The current solid waste facility life
expectancy is estimated to be 2 years. Constructing a new trench and allowing for compaction of the
solid waste would provide additional capacity for the 20-year design till the end of year 2026.
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PROPOSED LOCATIONS

Prior to mobilizing to the community, a set of potential locations was identified. A review of the existing
legislation and acts that govern the disposal of sewage and solid waste was completed. The governing
bodies are listed below along with any criteria or constraints imposed on the development of sanitation
services in Trout Lake.
Department of Fisheries and Oceans (DFO)

3.1
•
•
3.2

Notification of construction activities that may impact fish habitat is required; and
Regulates Federal Fisheries Act.
Environment Canada (EC)

•
•
3.3

As above (DFO); and
Environment Canada regulates part of the Fisheries Act.
Department of Public Works and Services (DPW&S)

•
•
•

No regulatory requirements
Provides design direction and review
Provides oversight on design works to verify departmental mandate is met. The project terms of
reference indicated that DPW&S criteria are as follows:
o

Protection of Public Health and Safety: Providing safe clean drinking water, preventing
contamination of public water supplies by waste disposal, and otherwise ensuring the
protection of public health and safety is priority.

o

Legislation: Alternatives should satisfy applicable government legislation, regulations
and guidelines, including, but not limited to:







The Guidelines for Canadian Drinking Water Quality (GCDWQ);
NWT Public Health Act;
Canadian Environmental Protection Act (CEPA);
Northern Inland Waters Act;
Transportation of Dangerous Goods Act;
Local Bylaws; and

Dillon Consulting Limited – Project Number: 05-4725-1000

9

Government of Northwest Territories,
Public Works and Services
Trout Lake Sewage and Solid Waste Investigation



December 2006

Others as identified by the consultant of GNWT throughout the study.

o

Long-Term Growth: Alternatives should satisfy the projected community requirements
for the next year period, considering population growth, consumer supply and demand,
land requirements, and relevant development activities.

o

Economics: The location and operations should minimize initial capital costs, long term
operations and maintenance (O&M) costs, and 20-year life-cycle costs, not withstanding
the need to meet other objectives.

o

Local Acceptability and Preference: The acceptability of each viable alternative to the
local residents.

o

Appropriateness to the Community Skills and Resources: Alternatives should be feasible
and reliable. The level of technical sophistication and operating requirements must be
appropriate to the resources and technical skills that could reasonably be expected to be
available in the community, not withstanding the need to meet applicable legislation,
standards and guidelines.

o

Simplified Operations: Simple systems and equipment are preferred. In general, complex
systems and equipment require skilled operators, special maintenance, and larger
operations and maintenance budgets, and would only be considered when other
alternatives are not practical.

o

Environment: Alternatives should ensure reasonable aesthetic quality, preserve the
inherent quality of life in the community, and minimize significant detrimental effects to
the environment.

Municipal and Community Affairs (MACA)

3.4
•
•
•

No regulatory requirements;
Provides funding for capital works and operations;
Provides oversight on design works to verify departmental mandate is met. Typically the criteria
set out by MACA would include;
o
o
o
o

Cost effective system;
Ease of operation (must be able to be operated by community staff);
Minimize the number of chemicals required; and
Minimize the level of training and certification required to operate the plant.
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Department of Health and Social Services (DHSS)
•
•

Mandates minimum set back criterion from sanitary sites to households (450 m);
The source of water should be protected.
Mackenzie Valley Land and Water Board (MVWLB)

3.6
•

In the case that the MVWLB is consulted, they may review the water license application for 3
criteria: technological, economic, and community based.
Department of Transportation

3.7
•
•

3.8

Regulates the distance that sanitation sites can be from airports.
In discussion with representatives from the Department of Transportation, they expressed that a
new airport runway site may be built. At this time, they are completing the planning for a new
site location. Initial steps are being taken to secure the lands for an alternative site. There are no
immediate plans to implement the construction of a new runway.
Transport Canada

•

The GNWT Department of Transportation would like to see Transport Canada’s guidelines
adhered to. Transport Canada has produced several publications in regards to the issues of
wildlife and birds in the vicinity of airports. These publications among others, are available on
Transport Canada’s website www.tc.gc.ca. A summary of issues brought forth by Transport
Canada is as follows:
o Wildlife, including mammals and birds, present a hazard near airports that necessitates a
wildlife management plan for both the airport as well as operators of other land-use
activities in the vicinity. Wildlife strikes by aircraft have the potential to incur costs and
inconveniences directly by damages to aircraft, or indirectly by delays or abortions of
take-offs or landings; human injuries or fatalities may also result from these incidents.
Transport Canada does not implement wildlife management programs at or near
Canadian airports; rather, they provide background information and awareness to the
airport owners and operators that do. As a result, the Wildlife Control Procedures
Manual (TP 11500) was created to outline recommended procedures to reduce the
chances of such interactions and strikes where possible.
o

Liability is another significant issue broached by a second Transport Canada document
entitled the Sharing the Skies Manual (TP 13549E). The manual (Chapter 1) discusses
legal liability related to negligence leading to bird or wildlife strikes by aircraft. In
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Canada, the duty of care and duty to warn legal concepts apply to anyone directly or
indirectly involved in activities that affect he airport operations – including, according to
Chapter 1 of the manual, others such as waste disposal contractors.
o

Several trends in wildlife strikes have been documented by Transport Canada over the
past several years, and these serve as background information when considering the
impacts of sewage disposal and solid waste disposal sites that are located near airports.
Most bird strikes occur below 500 feet above ground level (AGL), and tend to be from
gulls and waterfowl; the two types of birds that are most associated with nearby landfill
and sewage disposal sites (Wildlife Control Procedures Manual, Section B).

o

In the immediate vicinity of airports, Transport Canada’s wildlife management
procedures suggest dispersal, exclusion or removal if necessary to prevent interactions
with aircraft. However, a more effective way to prevent strikes is to modify habitat in
surrounding areas so that the attractants are either less appealing or eliminated. The three
main attractants of wildlife to areas near airports are food, water and shelter. Sewage
disposal and solid waste disposal sites both provide some or all of these elements; the
issues associated with them are outlined below.

Sewage Disposal Sites (Lagoons)
Sewage lagoons act as an attractant to birds, particularly waterfowl and shorebirds. They
provide a water surface for resting and drinking, adjacent nesting areas and food sources such
as insects. Transport Canada considers sewage lagoons a “moderately hazardous land use
practice” when located near airports.
Options such as fencing around the sites, the use of overhead netting or wires, and covering
the landfill sites periodically with soil or other material is suggested in the Wildlife Control
Procedures Manual. These techniques all aid in reducing the attractiveness of the area to
wildlife and migrating or resident birds.
Solid Waste Sites (Landfills)
Of primary concern is the fact that these sites are an attractive supply of food for both
mammals and birds; Transport Canada classifies landfills as “extremely hazardous land use
practices” when referring to potential impacts from activities near airports. Fences reduce
access to the disposal site by large mammals, but may not stop the animals from being
attracted to the area. Birds, of course, are mobile and difficult to keep away from these sites
and the refuse associated with them. Ledges and crevices on buildings associated with
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landfills (if present) provide shelter and nesting opportunities for birds, as do piles of debris
or brush that may have been disposed of.
Transport Canada’s Guidelines and Recommendations
A strategy to reduce chances of wildlife and bird strikes should begin with an ecological site
survey (as outlined in Section C of the Wildlife Control Procedures Manual) to identify
wildlife in the area of the landfill or sewage lagoon as well as the area of the airport. Species
that fall under the Species at Risk Act (SARA) need to be noted, as they may need to be
considered separately in wildlife management plans. Second, considerations should be made
pertaining to Transport Canada’s distance guidelines for particular activities. Part III of the
Land Use in the Vicinity of Airports – TP1247E states that distances from landfills and
sewage lagoons should be more than 8 km and 3.2 km away from airports, respectively, in
order to minimize strike risks. However, that minimum distance is not enforceable by any
Transport Canada regulation.
Communication is essential between airport managers, operators and those involved in landuse practices that are considered hazardous. Currently, an amendment to the Canadian
Aviation Regulations (CARs) (to Part III, Subpart 2, Section 302) is at Justice for legal
drafting. It is accompanied by a Standard and Advisory documents that support the
amendment and provide further guidance.
The amendment calls for airports that “have a waste disposal facility within 15 km of the
geometric center of the airport” (Section 322.202 (c) of the Amendment) to develop an
Airport Wildlife Management Plan. This plan must also identify the “wildlife hazards on and
in the vicinity of the airport including, but not limited to, the proximity of any waste disposal
facilities…” (Section 322.203 (2)(d)(v) of the Standards).
Section 5.4 of the Aeronautics Act provides for possible Zoning Regulations at Canadian
airports; however, the Wildlife Control Procedures Manual emphasizes that zoning, as a way
to prohibit land uses such as landfills and sewage disposal sites, is only a guideline. Rather
than being able to enforce items such as the distance from a sewage disposal site to an airport,
the goal is to ensure that municipalities are aware of their option to zone, and to educate
operators of such facilities that wildlife strike hazards may be increased by their activities.

3.9

Siting Criteria
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Based on the regulatory agency requirements, the available mapping and air photos were reviewed to
identify likely locations for new sites. The criteria used for the selection are;
•
•
•
•

•

Drainage patterns to be directed away from the community (Public Health), or be directed away
from the community water supply system;
Drainage not to be directed into a fish bearing water body. A 200 meter setback from water
bodies is identified (DFO and EC consideration);
450 meters from the community built up, or future planned area (Public Health Act);
Clearance to the runway to be a minimum of 1.5 kilometers. Regardless of location, there will
need to be a site specific wildlife assessment completed in accordance with the new Transport
Canada Regulations; and
Within 2 km of the existing road network to minimize capital and operational costs.

Based on these criteria, three (3) sites were identified for the initial assessment. Should these sites prove
to be unacceptable, additional areas could be identified further from the community and the existing road
network? The sites are shown in Figure 3 of Appendix A.
Proposed Site 1
This site is located approximately 3.5 km south-west along the cutline of the existing lagoon and landfill
sites. This site is located on a natural high point; however accessing the site would require crossing
several small creeks that run throughout that area. Mature growth coniferous trees and vegetation
surround this site. Drainage patterns tend to flow west towards Trout Lake.
Proposed Site 2
This site is located approximately 3 km south of the existing lagoon and landfill sites. Drainage patterns
in the area would not intersect the community. Mature growth coniferous trees and vegetation surround
this site. Drainage patterns tend to flow north-east towards an intermittent stream before flowing to
Island River.
Proposed Site 3
This site is located where the current lagoon and landfill sites are. It is situated approximately 2.5 km
south-west of the community. The area for both the lagoon and landfill site has been cleared of trees and
vegetation. Drainage patterns tend to flow north towards Island River.
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SYSTEM REQUIREMENTS

4.1

Population Projections
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According to the Northwest Territories Bureau of Statistics, the latest recorded population of Trout Lake
was 80 people in the year 2004. The Bureau of Statistics produces population projections for all NWT
communities with populations greater than 100 people. As the population of Trout Lake was recorded to
be less than 100 people, population projections are not provided. The historical populations of Trout
Lake are:
Table 4.1: Historical Population of Trout Lake
Year

Historical Population

1996
1997
1998
1999
2000
2001
2002
2003
2004

74
74
67
72
69
75
76
81
80

The average annual growth rate from 1996 to 2004 provided by the Northwest Territories Bureau of
Statistics is 1.0 percent per year. This rate is higher than the territorial average, which is approximately
0.3 percent per year. Conversations with Chief Dennis Deneron of the Samba K’e Dene Band during the
site visit in July 2005 revealed that the current population of Trout Lake is 108 people for 2005. Chief
Deneron had also suggested that an average annual growth rate for the community could be as high as 3.0
percent. The most recent population figures from the Bureau of Statistics are for the year 2004. There is
no documentation outlining the population growth from 2004 to 2005 from 80 persons to 108 persons.
Therefore, the projected population of Trout Lake, assuming a 1.0percent average annual growth rate, is
shown in Table 4.2.
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Table 4.2: Projected Population of Trout Lake

4.2

Year

Population
(1% Average Annual Growth Rate)

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026

81
82
82
83
84
85
86
87
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Sewage Generation Volume

Trout Lake’s municipal water supply is delivered to individual holding tanks by truck. Sewage collection
for all facilities and residences is by pump-out truck. For trucked water supply and sewage collection
systems, sewage generation is generally equivalent to water consumption in the Community. Attempts
were made to locate water consumption data from the community. Unfortunately, as Trout Lake does not
charge their residents for water, precise figures were not available. Water consumption was estimated
using the water delivery schedule. The community is scheduled to deliver water 3 days per week with
approximately 7 loads per day using their 3,000-liter water truck. This amounts to 3,276 m3/year.
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MACA’s design guidelines for communities with populations less than 2,000 people, and trucked water
and sewage are as follows:
Design per capita residential water use (RWU) = 90 L/cθd
Total per capita community use = RWU x [1.0 + (0.00023 x population)]
Based on the population projections for Trout Lake based on an average annual growth rate of 1.0 percent
and the above guidelines, sewage generation was projected over the planning period as tabulated in Table
4.3. The following table summarizes the information on a five-year basis.
Table 4.3: Sewage Generation Projections Using MACA Design per Capita
Residential Water Use of 90 L/cθd
Year

Sewage Generation (Growth Rate of 1%)
(m3/y)

2005
2010
2015
2020
2025
2026

2704
2844
2992
3148
3312
3346

The correlation between the year 2005 water consumption, as determined from the water delivery
schedule and the MACA guideline value varies from 3276 m3/year to 2704 m3/year, respectively. This
variation may be attributed to the differences in the population figures from what is projected and what
the community has stated. In addition, the current water use for the community may be higher than the
MACA design per capita residential water use of 90 L/cd. Using the water delivery numbers and the
projected population of 81 persons in the year 2005, the design per capita residential water use is 111
L/cθd. The projected sewage generation using this design residential water use is summarized in Table
4.4.
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Table 4.4: Sewage Generation Projections Using Design per Capita
Residential Water Use of 111 L/cθd
Year

Sewage Generation (Growth Rate of 1%)
(m3/y)

2005
2010
2015
2020
2025
2026

3334
3508
3690
3883
4085
4127

It is recognized that significant improvements to the water supply systems, as well as modernization to
the community have been leading to increased water usage over the past decade. It is further recognized
that future modernization and increases in population may lead to even higher per capita rates of water
usage, and therefore higher sewage generation. It is not clear how high water usage rates might rise.
Using MACA’s guidelines, the projected maximum sewage generation rate will be less than the current
water consumption. Therefore, for design purposes, it will be assumed that actual generation rates of 111
L/cθd will be used for the projected rates over the course of the planning period. Therefore, the design
annual sewage generation for the 20-year planning horizon will be 4.127 million liters in the year 2026
assuming a 1.0 percent average annual growth rate.
The winter storage requirement for analysis of the existing lagoon or any future lagoon system upgrade
options is based on the period during which biological treatment and liquid transfer between cells cannot
be effectively accomplished. This can be estimated by examining the number of degree-days above and
below a selected reference point (typically 0°C to 5°C) and the mean daily temperature for the area.
Environment Canada publishes Canadian climate normal data for selected weather stations across the
country. The closest monitored station on record is Fort Liard, approximately 320 km west of Trout
Lake, which can be expected to experience similar weather conditions. This data is contained in
Appendix D.
In general, Trout Lake experiences significant thaw temperatures throughout April to October. Therefore,
the winter storage requirement for Trout Lake can be estimated as the sewage generated over the five
month period without adequate thaw periods to allow the cells to function as normal biological reactors,
with liquid transfer between cells, or:
5 x 4.127 = 1.719 million litres (winter storage requirement, assuming 1.0 percent growth rate)
12
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In addition to the storage period, there is a requirement for the sewage to be treated for an appropriate
time prior to release to the receiving environment. Based on guidelines provided by the Water Board of
the NWT, the appropriate treatment period for a sewage lagoon in the Northwest Territories would be
approximately 4 months. Therefore the addition of the 5 month storage requirement and the 4 month
treatment requirement results in a 9 month the hydraulic capacity. This duration meets the treatment
requirements of the Trout Lake system storage/treatment based on the 20-year population projection.
Operating a lagoon on a 9-month cycle is not practical, and therefore, a 12-month storage system is
recommended. The 20-year hydraulic capacity of the system required is therefore 4,127 m3 based on a
1.0 percent average annual growth rate.
4.3

Solid Waste Generation Volume

MACA’s guidelines for the communities with populations less than 2,000 people are as follows:
Design per capita residential rate (RR) = 0.01 cubic meters per day
Total per capita community waste generation = RR x (1.0 + 0.00023 x population)
Based on the above formulae, the yearly waste generation is calculated. The compacted solid waste
values are also provided. MACA’s documentation suggests a compaction rate of 3 to 1 for small
communities. Compaction is achieved by using a bull dozer or loader to compact the waste mass. A bull
dozer is preferred due to the problems of tire punctures on pneumatic tired equipment (such as a loader).
It is understood that the community is being supplied with a bull dozer on the 2007 winter road. The sites
will be operated as a modified landfill, and as such, cover material is required. The proposal from the
M.A.C.A. guidelines is for a 3:1 waste volume to cover material volume material allowance.
The remaining life of the existing trench, Trench 1 is estimated at two years. This estimate was based on
review of the site photographs and from the site inspection in July 2005. Upon this review, it was noted
that solid waste has been disposed of on top of the filled trench. Therefore, a mound has developed for
Trench 1 and that this mound covers approximately 75% of its length. The two-year capacity allows for
the disposal of solid waste along the remaining 25% of its length. It should be noted that this practice of
disposing solid waste to create a mound is not a preferred method. It is recommended that for future
disposal in a new trench, the capacity of the trench be exceeded when it is filled to the top of trench.
Based on this set of planning assumptions, the total waste generation over the 20-year horizon is
developed, and shown on an annual basis in Appendix E. The following table summarizes the
information on a five-year basis.
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Table 4.5: Solid Waste Generation – 1.0 Percent Population Growth Rate

Year

Population

Total Solid
Waste
Generation*
(m3/y)

2006
2007(1)
2008(2)
2010
2015
2020
2025
2026

82
82
83
85
89
94
99
100

307
310
313
319
336
353
372
376

Cumulative Solid
Waste Generation
Uncompacted
(m3/y)

Solid Waste
Generation
Compacted**
(m3/y)

Solid Waste
Generation
Compacted and
Covered*** (m3/y)

102
616
313
948
2594
4325
6147
6523

307
205
104
316
865
1442
2049
2174

123
246
125
379
1038
1730
2459
2609

Solid waste generation = 365 x V x Population x (1+G)n + 0.084 x V x Population2 x (1+G)2n
Where: V = MACA residential solid waste generation rate taken to be 0.01 (m3/p.d)
G = Growth rate
n = Any year
**
MACA suggests a compaction rate of 3 to 1 for small communities (communities < 2,000
persons)
***
Assuming a 20% cover material allowance.
(1)
The life capacity of the existing trench, Trench 1 has expired.
(2)
Solid waste disposal in the new trench, Trench 2.
*
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ANALYSIS OF EXISTING SYSTEMS

5.1

Sewage Lagoon

5.1.1

Existing Capacity and Operation

December 2006

Sewage lagoon volumes of the existing primary cell and secondary cell was estimated using the following
formula referenced from the ASCE Cold Regions Monograph (Smith, 1996) and are outlined below in
Table 5.1.
V = d(a + Sd)(b + Sd)
Where: V = Volume (m3)
d = Liquid depth (m)
a = Length measured at the toe of slope on the inside of the lagoon (m)
b = Width measured at the toe of slope on the inside of the lagoon (m)
S = Side slope
Table 5.1: Existing Cell Volumes

Dimension
Liquid Depth (m)
Top of Cell Length (m)
Top of Cell Width (m)
Volume (m3)

Cell 1 (Primary)

Cell 2 (Secondary)

Total

3
30
25
702

3
30
25
702

------1404

The capacity of the existing lagoon was estimated from the field measurements taken during the site visit
in July 2005 and from the design drawing provided in Appendix I. The total estimated capacity is 1,404
m3. This number is based on several assumptions, such as:
•
•

4:1 side slopes on the interior of the lagoon cells (4:1 slope assumed for stability)
Based on a total lagoon cell depth, hence liquid depth of 3 m as outlined in the “Trout Lake Water
and Sanitation Services Study” by Lee Maher Engineering Associates Ltd., 1992. This assumes
a 1 m freeboard depth was incorporated as additional liquid depth based on discussions with
community representatives that the lagoon is often filled to the top of its cells, thereby, using the
additional storage capacity.
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As noted in Section 4, the expected sewage generation for the community in 2005 is 4,127 m3 based on
the 111 L/cd design per capita residential water use. This value exceeds the assumed capacity of both
Cells 1 and 2. Under the current operating scenario, where only Cell 2 is discharged to the environment
in the fall, the lagoon does not have sufficient capacity to meet the community’s needs. As previously
described, problems have been reported with the second cell overflowing during recent years.
The current operation of the existing two cells is as follows:
•

•

•

5.1.2

Cell 2 of the lagoon system is discharged of its contents onto adjoining land annually in the fall.
The secondary cell is discharged to within 0.5 m of the bottom, and then the primary cell is
completely decanted into the secondary cell.
Once it has been decanted, the process of refilling the lagoon continues through the truck haul
system. Sewage is dumped into the primary cell from the truck discharge area. As the primary
cell fills, an interconnecting weir located between the two cells is intended to transfer effluent to
the secondary cell.
The process of filling the primary cell continues until the next fall discharge period.

Treatment Quality

The lagoon treatment system must meet the following effluent criteria at the discharge point to Trout
Lake based on the preliminary guideline values suggested by the Canadian Council of Ministers of the
Environment:
•
•

45 mg/L BOD5
45 mg/L SS

Design criteria have been developed to ensure that conditions in a lagoon treatment system are sufficient
for proper sewage treatment. These design criteria take the following details into consideration:
•
•
•
•

Sunlight for disinfection of microorganisms
Wind for sewage aeration
Odour control
Sufficient treatment of BOD5

Heinke et al (1991) studied the effectiveness of lagoon sewage treatment in the North, and tabulated
predicted lagoon treatment for Northern lagoon systems, as shown in Table 5.2.
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Table 5.2: Expected Performance of Lagoon Treatment of Municipal Type
Wastewaters for Lagoon Systems
Parameter

Short Detention
(% Reduction)

Long Detention
(% Reduction)

BOD5
Suspended Solids
Fecal Coliform

40
50
60

80
80
99.9

BOD5
Suspended Solids
Fecal Coliform

40
60
70

50
50
80

Summer

Winter

Lagoon treatment systems often have difficulty reducing nutrients (nitrogen and phosphorus) to regulated
levels. Discharging the effluent from the sewage lagoon to a wetlands area can help in reducing the
nutrient levels. Northern lagoon systems that run into wetlands areas can generally meet nutrient levels.
Wetlands remove nutrients by a variety of natural processes, such as plant uptake, filtration, sorption,
flocculation, sedimentation and biological degradation.
5.1.3

Operational Changes to Increase the Existing Facility Life

The operation of the system could be modified to allow for additional capacity in the system. The
following steps could be undertaken:
•

•

•
•

Decant both the cells in the fall. This would create the additional storage capacity equal to the
useable volume of Cell 1. Bacteriological analysis for fecal and total coliforms should be tested
annually to determine if the level of treatment is at an acceptable level prior to discharge. Using
the sample test results shown in Appendix H as a guide, the total coliform numbers are below the
recommended fecal coliform guideline value of 104 FC/100 mL. Therefore, the impact to the
environment should be minimal.
Dredge, or otherwise remove the sludge build up in Cell 1 to recover the full volume in Cell 1.
Detailed investigation of the existing lagoon cells would be necessary to verify the depth and
slope of the cells. This will aid in the determination of the volume of sludge build up. In the
interim, assuming a 0.5 m depth of sludge build up, this would equate to a sludge volume of 12
m3.
Build a berm up and around the existing cells to provide for additional depth, hence providing
precautionary measures to prevent spillage.
Construct a trench around the lagoon to direct runoff away from the lagoon system.
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Construct an additional cell, Cell 3 to account for the additional storage volume requirements.
This option is evaluated in Section 6.

Solid Waste Disposal Site

The dimensions of the existing bulky waste and solid waste sites are outlined below in Table 5.3. The
solid waste site has only one trench, but it was designed for two. Therefore, excavating a second trench
and using that excavated material to cover the first trench would address the capacity issues.
Table 5.3: Existing Bulky Waste and Solid Waste Dimensions
Dimension
Operating Depth (m)
Length (m)
Width (m)

6

Bulky Waste

Solid Waste

--75
75

2
150
10

SYSTEM OPTIONS

A summary of the options that have been identified are presented in the following table. A more detailed
description follows the table.

Table 6.1: Sewage Treatment Options
Option
Identifier

Option Name

S1

New Site Location 1

S2

New Site Location 2

Option Description
The option would have the following components:
• A new road to Location 1
• A 365-day hydraulic retention lagoon designed for the 20year planning horizon
• Lagoon ancillary components such as truck turn-around
pad, discharge flume, lagoon discharge system, fencing
The option would have the following components:
• A new road to Location 2
• A 365-day hydraulic retention lagoon designed for the 20year planning horizon
• Lagoon ancillary components such as truck turn-around
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Expansion at the
Existing Site
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pad, discharge flume, lagoon discharge system, fencing
The option would include:
• A 365-day hydraulic retention lagoon designed for the 20year planning horizon
• Converting the existing evaporative lagoon into a
facultative lagoon. This involves converting the existing
cells into a primary cell and constructing a new cell to be
used as additional storage
• Modifications to the discharge system to allow for use of
the new cell
• Lagoon ancillary components such as truck turn-around
pad, discharge flume, lagoon discharge system, fencing

Options S1 and S2
Options S1 and S2 are basically the same option, but at different locations. Each site would have the
following components:
•

Lagoon construction will include:
o Site clearing
o Berm construction
o Common excavation
o An allowance for rock excavation
o Truck turn around
o Fencing and signage
o Engineering and Contingency (25%)
Although these two options are located further away from the community, the use of a fence
surrounding the lagoon is recommended due to the human health risk assessment. In addition, the
use of a fence can keep wildlife out and it can be a preventative measure for deterring prohibited
dumping of products such as oil and grease.
The estimated capital cost for the development of a new lagoon facility is $427,000 which
includes the 25% engineering and contingency fees. The dry rental cost (cost to lease the
equipment without the cost of an operator, fuel, oil and maintenance) to ship the necessary
equipment to the site is estimated at $250,600.00 as shown in the correspondence located in
Appendix G.
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Solid waste construction:
While situating a new lagoon facility in the vicinity of a new solid waste site is the current
practice, the construction of a new solid waste facility is not recommended as the existing site
was originally designed and the area cleared for two cells. Therefore, the existing site has the
available land requirements for additional capacity and the option of constructing a new solid
waste facility as sites S1 and S2 were not evaluated. The existing use of fencing is recommended
for the solid waste site as a means of deterring wildlife from entering the premises. Fencing
around the bulky waste site is not necessary.
As noted during the site visit in July 2005, the community currently disposes of their diapers in an
area approximately 800 m south of the end of the airport runway. It is recommended that a new
trench dedicated for diaper disposal be excavated adjacent to the new trench at the existing solid
waste site and that the diapers at the old site be transported into this new diaper trench.

Access Roads
Each site requires access via a road for trucking the sewage and solid waste. Options S1 and S2 requires
new roads to be part of the construction. Option S3, which is the expansion of the existing facility does
not require a new road, as one currently exists to service both the solid waste and sewage lagoon facilities.
In addition, the current access road would not require upgrading. However, Option S3 would require the
construction of a truck turnaround for the sewage truck, as it is also necessary for Options S1 and S2. The
costs of the truck turnaround have been included in the cost to construct the lagoon. The following table
shows the costs for each type of road construction for the siting options, which includes the 25%
engineering and contingency fee.
Table 6.2: Access Road Costs
Option
S1
S2
S3

New Roads
Length (m)

Cost

Total Road
Development Cost

3,500
3,000
---

$300
$300
---

$1,225,000
$1,050,000
$0

The cost per meter to upgrade a road is approximately $150 with the cost per meter to install a new road
to be $300. The cost of the access road to S1 is partially over low lying and swampy ground. From past
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experience in this area costs in these types of ground conditions can be 50% higher than over higher
ground.

Option S3
This option entails modifying the existing lagoon cell to be used as a primary cell, constructing a new
lagoon cell to be used as a secondary storage cell to accommodate the future sewage treatment and
storage requirements, and the construction of a second trench and a diaper disposal trench at the existing
solid waste site, as shown in Figure 5 of Appendix A.
The new lagoon storage cell would be approximately 57 meters by 57 meters at the top of cell, with a
liquid operating depth of 2 meters. Additional depth for freeboard (1.0 m) would be included. This option
is carried forward at this time for assessment with the “must” criteria. The new solid waste trench would
be of the dimension of 138 meters by 10 meters at the top of cell, with a depth of 2 meters. The new
diaper trench would be approximately 10 meters by 10 meters at the top of cell, with a depth of 2 meters.
A 2-meter space allowance would exist in between the two new trenches. This diaper trench would be
constructed adjacent to Trench 2. The size of the diaper trench would have to be designed to have enough
capacity to support the 20-year design requirement, as well as the existing diapers at the current location.
The volume of diapers generated estimated to be 0.40 m3/child.year (www.ilea.org). For this study, it was
assumed that during the entire 20-year design population, 3 new children are born each year and that each
child would wear a diaper for 3 years. The exact volume of diapers at the existing site is not known. A
detailed inspection should be made to determine this volume. Based on observations noted during the
July 2005 visit, that the new diaper trench at the solid waste facility would have enough capacity to
support this additional volume.
The estimated capital cost for Option S3, the expansion of the existing lagoon and landfill facility is
$443,000 and $60,000, respectively, with a dry rental cost to ship the necessary equipment to the site
estimated at $250,600.00 as shown in the correspondence located in Appendix G. The cost of expanding
the existing lagoon system is slightly higher than constructing a new lagoon system in Options S1 and S2
due to the additional cost required pushing the sludge accumulation at the bottom of the existing cells up
along the slopes. However, Option S3 does not require the construction of a new road.
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EVALUATION OF OPTIONS

To evaluate the proposed alternatives, the Kepner-Tregoe (K/T) decision-making process was used. This
process is a management tool used to reduce the subjectivity of evaluating various alternatives when
several parameters govern the final choice.
The first step in this process involves testing the alternatives against a set of “must” criteria. The “must”
criteria represents characteristics that any alternative must have to provide an adequate facility. The
“must” criteria are evaluated on a pass or fail basis. In order to proceed further in the analysis, an option
is required to meet the “must” criteria. Those options failing this test are eliminated from further
evaluation.
The second step in the K/T process involves evaluating the options which pass the “must” criteria against
specific “want” criteria. The “want” criteria represents the desired characteristics of the system. Each
“want” criteria is assigned a weight factor from 1 to 10, to rank its relative importance against the other
criteria. Each alternative is then graded on a scale of 0 to 10 for each criterion, based on how well this
alternative meets the requirement. If an alternative completely meets the criterion, it is given a score of
10. If it entirely does not meet the criterion, it scores 0.
7.1

Sewage Treatment

7.1.1

“Must” Criteria

The following “must” criteria for Trout Lake’s sewage treatment system were developed by Dillon, in
consultation with community members and officials, with an understanding of the requirements of the
regulatory agencies:
•
•
•
•

The facility must be able to satisfy the 20-year design volume requirements;
The land selected for the site must be available and suitable (i.e. consistent with the community
development plans) for use;
The facility must provide effluent meeting the requirements of the various Acts and regulations;
and
The facility must provide year-round service.

The result of the first phase of the K/T analyses is shown in Table 7.1. This evaluation resulted in all
options being short listed for further analysis.
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Table 7.1: Keptner/Tregoe Analysis of Sewage Treatment Against “Must” Criteria
Criteria
Meet 20-year demand
Land is available
Effluent to meet regulatory requirements
Facility to provide year round service

S1

Option
S2

S3

Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass

Fail
Pass
Pass
Pass

The use of the existing site, Option S3, in its current condition does not meet the requirement of meeting
the 20-year demand for the community. However, if this site were to be expanded, it would pass the
“Must” criteria. Therefore, all options are carried forward.

7.1.2

“Want” Criteria

Alternatives passing the first phase of the K/T analysis were next analyzed in greater detail against the
following “want” criteria, which was again prepared by Dillon in consultation with the community
officials:

•
•
•
•
•
•
•
•
•

The upgrading option should have a minimum capital cost;
The facility should minimize life cycle costs;
Operation of the facility should minimize complexity and maintenance;
Facility should have a minimal risk of failure;
Facility should be expandable in the future;
Construction or installation of the upgrading option should utilize local labour, equipment and
resources, and minimize requirements for external input;
Facility should minimize impact on water supply;
Facility should maximize compliance with regulatory requirements; and
Facility should have maximum community approval.

In accordance with the K/T process, each “want” criteria was given a weighing factor, based on its
relative importance or significance. Each of the three alternatives was then graded on a scale from 1 to
10, based on how well it met the criterion (10 = fully, 0 = not at all). Table 7.2 summarizes the “want”
criteria, alternative scoring and total scores. The rationale for scoring is attached in Appendix F.
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Table 7.2: Analysis of Options Against “Want” Criteria
“Want” Criteria
Minimal capital cost
Minimal life cycle cost
Minimal degree of complexity
and maintenance
Minimal risk of failure
Expandable in the future
Utilizes local labour, equipment
and resources
Minimal impact on water supply
and recreation
Maximum regulatory compliance
Maximum community approval
Total Weighted Score

Criteria
Weight

Option S1

Option S2

Score

Weighted
Score

10
10
5

5
5
5

5
8
10

Option S3

Score

Weighted
Score

Score

Weighted
Score

50
50
25

5
5
6

50
50
30

8
6
7

80
60
35

5
8
8

25
64
80

6
8
8

30
64
80

7
8
8

35
64
80

10

8

80

8

80

8

80

10
10

8
10

80
100
554

8
9

80
90
554

7
8

70
80
584

Table 7.3: Rationale For Ratings

“Want” Criteria”
Minimal capital cost

Minimal life cycle cost

Minimal degree of
complexity and
maintenance
Minimal risk of failure

S1

Option
S2

More costly option due
to construction of new
lagoon, landfill and road
and the need to
decommission the old
site.
More costly option
because of the distance
to truck wastes

More costly option due
to construction of new
lagoon, landfill and road
and the need to
decommission the old
site.
More costly option
because of the distance
to truck wastes

Longest and roughest
haul distance

Reasonable haul
distance

Furthest from the
community

Reasonable distance to
the community
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S3
Less costly option due
to expansion and not
new construction of
lagoon and landfill

Less costly option
because of the distance
to truck wastes. Less
costly road
maintenance and snow
clearing.
Minimum haul distance

Closest to the
community

30

Government of Northwest Territories,
Public Works and Services
Trout Lake Sewage and Solid Waste Investigation

“Want” Criteria”
Expandable in the future
Utilizes local labour,
equipment and resources
Minimal impact on water
supply and recreation

Maximum regulatory
compliance

Maximum community
approval
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S1

Option
S2

No restrictions on
expansion
All work can be
completed by the local
labour forces
Area not used for
recreation. Drainage
path to water point
indirect.
Meets DOT regulations
as it is situated outside
the 3 km airport offset

No restrictions on
expansion
All work can be
completed by the local
labour forces
Area not used for
recreation. Drainage
path to water point
indirect.
Meets DOT regulations
as it is situated outside
the 3 km airport offset

Site chosen by the
community

Second choice by the
community

S3
No restrictions on
expansion
All work can be
completed by the local
labour forces
Area not used for
recreation. Drainage
path to water point
indirect.
Could be a concern to
DOT as it may be a
potential site for
relocation of the airport
runway
Community did not
prefer this site

Cost Estimates
Operational costs for the sites will be very similar, except for the cost to haul the wastes to the sites. This
will be greatly impacted by the distance of the site to the community. MACA has developed a trucking
model to calculate the costs associated with the hauling effort. This model accounts for the costs
associated with:
•
•
•
•
•

Equipment cost (number of trucks) and replacement;
Labour time;
Fuel costs;
Garage and maintenance time; and
Parking garage requirements.

Using this spreadsheet model, the 20-year life cycle costs are generated. For this study, the terms of
reference required a 20-year life cycle estimate be completed. Based on the 20-year life cycle estimate,
the total present value for a trucking system is $3,004,000; $2,970,000 and $2,935,000 for Options S1, S2
and S3, respectively.
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From the foregoing discussions (the Kepner/Tregoe analysis), the best balanced choice for a new facility
construction is option S1 with a weighted score of 554 and option S2 coming in second with a weighted
score of 546. The comparisons between the two take into account the weights assigned to the particular
“want” criteria of minimal risk of failure, expandability in the future and maximum community approval.
However, the most cost effective and recommended solution to the sewage and solid waste treatment and
disposal in Trout Lake is to expand onto the existing site at location S3. Though the community’s
preferred choice is the construction of a new sewage and solid waste facility at Location S1, the cost of
road development to this site is high in comparison to expanding upon the existing site locations at S3. In
addition, several small creeks run throughout the area around S1.
The selection of any site will need to be confirmed through discussions with the Department of
Transportation and Transport Canada to determine the acceptability of the sites from an Air Operations
perspective. Transport Canada does not implement wildlife management programs at or near Canadian
airports; rather, they provide background information and awareness to the airport owners and operators
that do. As a result, the Wildlife Control Procedures Manual (TP 11500) was created to outline
recommended procedures to reduce the chances of such interactions and strikes where possible.
If the existing site were to be expanded, additional studies would not be required, hence no additional
costs incurred.

8

IMPLEMENTATION PLANNING

In the implementation of the proposed new site, there are several steps that need to be undertaken prior to
and during the construction of the facilities. These are briefly described below.
Geotechnical Investigation
Prior to finalizing the site selection, an on-site investigation of the ground conditions should be
undertaken. The purpose of the investigation is to determine the types of subsoils that exist at the site,
and determine the near surface ground water conditions. Typically this type of investigation will also
determine the presence and depth of permafrost on the site as well as the suitability of the on-site material
for granular and landfill cover material.
This program can be implemented using a back hoe or dozer to excavate 2.0 to 3.0 meters below grade
(assumed depth of the trenches). A qualified person needs to be on-site during the excavation to direct
the location of the test pits and to log the excavation and observe the level of the ground
water/permafrost.
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Site Survey
Prior to the development of the detailed design for the lagoon and the landfill, a detailed site survey of the
area is required. This will require that survey lines are cut across the site. The use of differential GPS
survey equipment is a potential for this site, and would eliminate the need for tree cutting/clearing during
the design phase.
Design
The design of the project will show the construction details to allow the community or a contractor to
complete the construction of the site. The detailed design also allows for the permitting process to
proceed, as many of the details required in the design need to be reviewed by the many regulator agencies
prior to receiving authorization to proceed.
Permitting
As outlined in Section 3.0, there are several agencies that require notification of the proposed works, and
many of these agencies must provide permits, or authorization to the owner of the facility prior to the start
of the facility operation. Section 3.0 outlines many of these, and the reader is directed to that section for
further details.
Decommissioning
If a new lagoon site is chosen, after the new site has been constructed and commissioned to receive the
waste streams, the existing site will need to be decommissioned. The requirements for this are regulated
by the same agencies that approve the new facility. Detailed decommissioning plans will be required
(normally completed with the detailed design plans for the new facility) and need to be submitted to the
regulatory agencies. The decommissioning plans for the lagoon will need to include:

Lagoon
•
•
•
•
•

Surface water and sewage effluent presently located in the sewage lagoon should be pumped out;
The lagoon sludges need to be allowed to undergo several freeze thaw cycles to provide for
degeneration of the sludge material;
The remaining sludge should be levelled prior to placement of the cover;
Cover material should be placed on top of the remaining sludge, to a depth of approximately 0.6
m;
The site should be enclosed with a fence.
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Site Monitoring
The closure of the site as described in the previous sections is intended to mitigate against human health
and environmental concerns. To demonstrate that the closure methods have been successful and to
provide a means of monitoring the site, a monitoring program is needed. It is suggested that the
monitoring program be established in the first year after closure and that the first year is also used to train
the Hamlet staff to complete the subsequent years of sampling. Comprehensive sampling is conducted in
the initial three years. Following that, the sampling program can be reduced provided that the sample
results indicate the closure is preventing the generation and migration of contaminants.
Year 1
Establish a monitoring station at the present lagoon and landfill locations to monitor ground and surface
water. Complete sampling three times over the summer months, late June, mid August and late
September. Analyze water samples for BOD, TSS/VSS, ammonia nitrogen, total phosphorus and fecal
coliforms. Assess results of the program and adjust the following years accordingly.
Year 2
Complete Sampling three times over the summer months. Analyze water samples for BOD, TSS/VSS,
ammonia nitrogen, total phosphorus and fecal coliforms. Assess results of the program and adjust the
following years accordingly.
Year 3
Complete sampling three times over the summer months. Analyze water samples for BOD, TSS/VSS,
ammonia nitrogen, total phosphorus and fecal coliforms. Assess results of the program and adjust the
following years accordingly.
Years 5, 10 and 20
Complete sampling three times over the summer months. Analyze water samples for BOD, TSS/VSS,
ammonia nitrogen, total phosphorus and fecal coliforms. Assess results of the program and adjust the
following years accordingly.
8.1

Costs for Closure
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Much of the closure work can be completed over a number of years using the community labour and
equipment. Further the monitoring program can be established to allow the community to undertake the
sampling and the analysis completed through the Taiga laboratory at minimal charge to the community.
If this approach is taken, the cost of closure and monitoring is estimated to be within the range of
$100,000 to $150,000 over a 5-year period. If outside contractors are used, the cost of these activities
would be two-fold the above estimate.
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CONCLUSIONS AND RECOMMENDATIONS

9.1

Conclusions

December 2006

Trout Lake currently has sewage and solid wastes sites that require further examination and detailed
analysis if they are to meet the long-term needs of the community.
The existing sewage lagoon is undersized for the 20-year design population. In addition to the capacity
issue, there are concerns that when the water table is high, infiltration occurs which may cause the lagoon
to overflow its contents and flow through the wetland area to a point near the community water supply.
Detailed review of aerial photographs and site topography suggests that the general direction of flow from
the existing lagoon is north towards Island River and not west towards the community water reservoir.
As such, there would be no direct impact on the drinking water source. In addition, bacteriological
analyses taken at three locations, namely the government dock at Island River, the creek located near the
sewage lagoon and the culvert showed that the impact from the sewage discharge is well below the
discharge limits as outlined in the Canadian Council of Ministers of the Environment suggested guideline.
The capacity of the existing solid waste site was exceeded in the year 2000, based on the solid waste
generation rate and the 1990 Government of Northwest Territories Bureau of Statistics population growth
as shown in the Lee Maher Engineering Associates report (September 1992). During the site visit in July
2005 and through inspection of the site photographs and discussions with community representatives, it
was noted that a mound of solid waste has developed along 75% of the length of the existing trench.
Therefore, it can be assumed that the community residents have been continually disposing of their solid
wastes in the existing trench since the capacity was exceeded in the year 2000. Through the site visit, it
was revealed that no cover material has been used on the existing trench and that residents are using an
area of land located approximately 800 m south of the airport runway for the disposal of diapers.

9.2

Recommendations

Referring to the Kepner/Tregoe analysis, the best-balanced choice and most cost effective solution to the
sewage and solid waste treatment and disposal in Trout Lake is to expand onto the existing sites at
location S3. This would involve converting the existing lagoon cell into a primary cell and constructing a
new secondary storage cell. This recommendation would also require the excavation of a new trench at
the existing solid waste facility and providing a designated area for the disposal of diapers. Though the
community’s preferred choice is the construction of a new sewage and solid waste facility further away
from the community, the cost of road development to any new site is very high in comparison to
expanding upon the existing site.
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Below is a summary of the recommended practices:
•
•

•
•

•
•
•
•
•
•

Explore the actual depth, side slopes and overall dimensions of the existing lagoon to confirm the
assumed dimensions and capacity.
Conduct additional geotechnical investigations, such as a drilling program, followed with a full
exploration of existing site. The water table should be monitored at the site on a monthly basis
for a year prior to any decisions being made.
Construct a berm around the lagoon cells.
Construct a fence around the lagoon site due to the human health risk assessment. In addition, the
use of a fence can keep wildlife out and it can be a preventative measure for deterring prohibited
dumping of products such as oil and grease.
In the interim, build up the berm around the cells and/or construct a trench around the lagoon to
direct runoff away from the lagoon.
Provide a sampling program for bacteriological analysis.
The existing trench at the solid waste facility should be progressively covered and capped as soon
as it is practicable to prevent waste from being blown around the site.
A soil mound should be built around the sides of the existing Trench 1 to direct leachate into the
trench as opposed to allowing runoff of the leachate around the trench.
The operation of the new trench, Trench 2, should not allow for mounding.
Once the new diaper trench is constructed, efforts should be made to transport the diapers at the
current location to its new site located at the existing solid waste facility.
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Relevant Websites
1.

Canadian Council of Ministers of the Environment
www.ccme.ca

2.

Environment Canada
www.weatheroffice.ec.gc.ca

3.

Institute for Lifecycle Environmental Assessment
www.ilea.org

3.

Northwest Territories Bureau of Statistics
www.stats.gov.nt.ca

4.

Transport Canada
www.tc.gc.ca
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